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The International Forum on Engineering Education (IFEE)

The International Forum on Engineering Education (IFEE) wasded in 2001 to
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1.

2.

IFEE2001: The Changing Role of Engineering Education in trogridtion

Age - Innovation and Tradition

IFEE2002: Generic Attributes in Undergraduate Engineering Education - Issues
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IFEE2003: Building Partnership with Government, Industry, and Society
IFEE2006: Integration of Teaching and Research with Community Service
IFEE2010: Engineering Education in the"@lentury: Quality, Globalization

and Local Relevance. Th& 5 EE was held jointly with the European
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DIMENSIONS OF QUALITY IN ENGINEERING EDUCATION

Salih O. Duffuaa
Department of Systems Engineering
King Fahd University of Petroleum and Minerals, Dhahran, Saudi Arabia

ABSTRACT: Engineering education makes vital contributionshi® economic development of nations.
Engineers graduating at the undergraduate levedxgrected to design, operate and maintain productio
and service systems. Engineers graduating at thiegpaduate level are expected to innovate andhinve
new technologies. In the world there are severstiesys for engineering education. These systemer diff
in structure and approaches. Examples of theseragsare the European, the Australian and American
systems. Each one of these systems has its featudasniqueness.

Quality is an important goal in all educationaltsyss. Quality in engineering education is definedhe
ability of the graduates to achieve excellence accomplish certain outcomes. Each of the above
mentioned educational systems has an approachuédityqassurance that expected to ensure the gualit
of graduate of engineering education. The appraadiifer in content and processes.

This paper reviewed different approaches, modedspaactices for quality assurance and improvement
of engineering education in different educationgtesms and environments. These systems include the
British, Australian and American. Then the papetlioed the impact of globalizations on the quality
assurance systems. Then the paper projected #iigycaimensions in production and service systems
on the output of engineering education, the engiréee dimensions of quality defined may be used as
basis for unifying quality assurance systems woidew

KEYWORDS: Educational Systems; Dimensions of Quality; Qyafissurance; Globalization.

INTRODUCTION

Engineering is the process of using natural sciences, mathensatitscustomer
requirement to create products, services, systems and processes theargeds of
mankind. In addition operate and maintain systems. Theodore Von Ktingnce said

that scientists discover the world that exists, while engineers create thethedritever

was. Engineering education is the system for preparing engiriEleese are many
engineering educations systems in the world. The American Systmhas more
breadth than the British System where depth is the focus. In a typicaticam

Educational System a student preparing for a degree in enginégkaga total of 128
credit hours: 32 credit hours are in mathematics and science, 32 credit dfou
humanities and social sciences, 9 credit hours of engineering, 9 credit dfofree

electives, and 6 credit hours of business and communication. Trianieg 40 credit
hours are in the engineering major selected.

In the British and the Australian Systems most of the subjects tawgint tie major and
whatever is left of the subjects are technical. This raises the question wvélegay
between the two dominating models in the world. In addition wieather dimensions of
quality in engineering education in order to assess the qualiydé the output of both
systems.
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The National Academy of Engineers (NAE) in its 2005 reportsaygests that the
essence of engineeringhe iterative process of designing, predicting performance,
building, and testing—should be taught from the earliest stages of the curriculum,
including the first year. The Accreditation Commission (EAC) of Accreditation Board
for Engineering and Technology (ABET), United States, states engigegratuates
upon graduation should be able to:

apply knowledge of math, science, and engineering;

design and conduct experiments, as well as analyze and interpret data;
design a system, component or process to meet desired needs;

function in multidisciplinary team;

identify, formulate and solve engineering problems;

understand professional and ethical responsibilities;

communicate effectively;

assess the impact of engineering solutions in a global and societal context.
engage in life-long learning;

understand contemporary issues; and

use the techniques, skills and modern engineering tools necessary for
engineering

T T TQ@Toa0 o

The Engineers Australia Accreditation Board (2005) [3] has identified siméaeric
characteristics that are stated below:

ability to apply knowledge of basic science and engineering fundamentals;
ability to communicate effectively; not only with engineers but also wi¢h th
community at large;

c. in depth technical competence in at least one engineering discipline;

d. ability to undertake problem identification, formulation and solution;
e

f

o9

ability to utilize a systems approach to design and operational performance;
ability to function effectively as an individual and in rdisciplinary and
multi-cultural teams, with the capacity to be a leader or manager as well as an

g. effective team member;

h. understanding of social, cultural, global and environmental responsibilities of

i. the professional engineers and the need of sustainable development;

j- understanding of the principles of sustainable design and development;

k. understanding of professional and ethical responsibilities and commitment to
them; and

I.  expectation of the need to undertake lifelong learning, and capacitystm do

The Japan Accreditation Board for Engineering Education (JABEBPA4(2 [4]
formalized similar competencies.

It seems there is an agreement on the outcomes and competencies engirsehratggr
should be able to perform after graduation, however the challengshengure that the
graduates can perform them and how to accommodate competencies that willdze need
in the future. The next section reviews three main quality assurartssnio the world
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and outlines the impact of globalization on quality assurance, followeddgtian that
defines the dimensions of quality in engineers. Finally the pajpeniduded.

QUALITY ASSURANCE IN ENGINEERING EDUCATION

Quality assurance in engineering education hasrakwveodels and approaches. In
this paper the salient features of three modelpersented. The three models are the
British model, the Australian model and the Ameniddodels.

The British model has three arms. The first arrthies Quality assurance Agency that
sets the standards especially the national quatibo framework. The second arm is
the professional bodies such as the Engineeringn€buThe third arm is the
universities themselves through the external examsinsystems. The external
examiners system has been established in 1832 igrgity of Durham to ensure the
qguality of its programs are equivalent to Oxforadla@@ambridge. The British systems
depends on auditing academic programs and providingating based on stars
system. The drawback of the system is rigid andresite.

In Australia the Council for Higher Education workdth states and territories to
achieve and maintain a consistent national stand@mroach to the standards of
Australian higher education and to the accreditatid new institutions. In addition

professional bodies such as the Engineering Coupleiy a role in recognizing

degrees offered. Their approach is similar toBhiéish system for quality assurance
but less extensive [5].

In the United States the main body for quality asaue of engineering education is
ABET and accreditation is voluntary. The market ckEs institutions to seek
accreditationThere are also six regional associations covering various regions of the USA.
They have no legal control over universities or courses, but promote skamdauality and
criteria of excellence. Universities and colleges which meet these standaraidnaitéed

to membership of the relevant association, which is perceived by e pa quality.

Only institutions with accreditation status may receive federal financialtsgrand
private foundations also usually confine their assistance to accredited instit(ti@ns.
U.S. Secretary of Education has power to grant recognition to accrediting agandies,
has used this power to require agencies to include as criteria for accreditation outcomes
such as test results, job placement rates and progression to graduafessignal study

by students.

The above three quality assurance systems differ in many aspects tedage of
globalization they must converge to provide a universal quality assurgsteens The
Washington accord signed in 1989 is a big step in that direction. dakof the
Washington Accord is to promote the mutual recognition of accredited degneeng
signatories under the premise that they are "substantially equivalent." ddwel azas
first signed by engineering education accreditation organizations in Austiaia,
Zealand, Canada, the US, Ireland, and Great Britain. Latter many other maaipi$es,
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including Hong Kong, South Africa, Japan, Germany, Singapore, and Négldngsse
actively sought to join the Washington Accord over the last few years.

Globalization has serious impact on engineering education. In a globalizaitheer
competencies required from engineers evolve and may include theifigloutcomes:

multi-culture teamwork;

high literacy in technology;

integrative and global thinking skills;

a respect for diversity and a knowledge of contemporary professiociatado
and global issues;

¢ understanding issues from a global and multilateral.

Washington Accord and Bologna Declaration (1999) are two major $tepsidress
globalization [6].

DIMENSIONS OF QUALITY IN ENGINEERING EDUCATION

The dimensions of quality In product and service has been identifie] and shown in
Table 1 with examples.

Table 1: Dimensions of quality for products and service.

Dimension of

Number Quality Product/Automobile Service/Auto Repair
1. Performance Everything works and all fit well All work done at agreed priceon
rework
2. Aesthetics Appearance interior design Friendliness, courtesy,
Competency, quickness
Clean work/waiting area
3. Special features ~ Gauge/control placement Location, call when ready
Cellular phone, CD player Computer diagnostics
4. Reliability Infrequent breakdown Work done correctly ready when
promised
5. Safety Antilog, airbags Separate waiting area
6. Durability Useful life in miles, resistance to rust Work hold up over time
and corrosion
7 Perceived quality Known brand, top rated car. Award winning
8 Service after Handling problems Handling of problems
service

The dimensions of quality for products and servdge projected as dimensions of
guality for engineers as shown in Table 2.
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Table 2: Dimensions of quality for Engineers.

Dimension of

Number Quality Engineer

1. Performance Design, build, operate and maintain products systems andgses,
excellent communication skills, global team working skl innovative.

2. Aesthetics Respect, friendliness, courtesy and sensitive.

3. Special features Excellent communication skills, knowledgeable abouedit cultures,
global issues and impact of engineering solutions. Masésvgethnology.

4. Reliability Dependable, professional and ethical with high irityegr

5. Safety Follows safety standards and very conscious about safety.

6. Durability Up to data, creative and lifelong learner.

7 Perceived quality Reputation of his university as top ranked.

8 Service after service Customer focus

CONCLUSION

In this paper, well known quality assurance systdéomsengineering education are
reviewed. The impact of globalization on these systés outlined. The dimensions
of quality in products and services have been ptept on engineers. The elements
relevant to each dimension are defined. These ddinea can be refined in future
research and embedded in quality assurance systems.
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LESSONS LEARNED FROM THE EXPERIENCE OF HAVING
TWO ACCREDITATION VISITS IN THE SAME YEAR

Omar Zia and Austin Asgill
Electrical and Computer Engineering Technology Department
Southern Polytechnic State Universi®arietta, Georgia, USA

ABSTRACT: Accreditation is a nongovernmental and voluntamycpss of evaluation concerned with
improving educational quality and assuring the pmulthat member institutions meet established
standards. Unlike Europe that still lacks a commystem for accreditation of educational prograns, U
universities, with engineering or engineering tethgy programs have to meet the standards and
requirements of two different accrediting instituts. The university as whole is accredited by aidted
Accreditation agency. The engineering and engingei@chnology programs are additionally accredited
by ABET. While it is very rare that an institutionlMhave both accreditation agencies visiting ie th
same year, it does occasionally occur. Southetytddbinic State University has recently had to deal
with this occurrence. In preparing for these sissieveral challenges were encountered that catedb

to making the task more arduous than usual. Thiempdiscusses some of the issues encountered in
preparing for the two visits and the efforts manleeiconcile the ABET and SACS (Southern Association
of Colleges and Schools) accreditation requireméntthe process, there were some lessons leanaéd t
can be very useful to survive the accreditatioits/i§he objective of this paper is to share tHessons
and experience with colleagues.

KEYWORDS: Accreditation; ABET; University; Experience, SACS/aluation

INTRODUCTION

Southern Polytechnic State University (SPSU) is a Science, Engineerifigeamablogy
focused university located in Marietta, Georgia. It is an urban institution avith
population of approximately 4,500 students who are predominanthymeaters. The
university serves a sizeable population of non-traditional studeAss.such, many
programs offer courses at night as well as during the daytime. Beintedoga
southeastern United States, the university is accredited by the Southeniatias of
Colleges and Schools (SACS).

The ECET Department at SPSU offers three Baccalaureate degree pragrams
Engineering Technology: the B.S in Electrical Engineering Techyo(BSEET), the
B.S. in Computer Engineering Technology (BSCpET) and the B.S. in
Telecommunications Engineering Technology (BSTCET). All threerpmg are ABET
accredited. During the last accreditation cycle, ABET allowed the option of byitite

old criteria or opting for the new accreditation criteria. Since the univeasitythe
Technology departments did not have any of the continuous wement requirements

in place at that time, the faculty opted to utilize the old criteria for accreditdttbe gix

E.T. programs offered on campus.

During the fall semester of the 2008/2009 academic year, all of the Enrginee
Technology programs on campus were up for re-accreditation byTABnc. [1].
Around this same time frame, the university was also preparirits faccreditation cycle
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through SACS [2]. Since this was not a normal occurrence namidiér to minimize the
duplication of efforts, the administration felt that it was necessary,napdriant, to co-
ordinate the preparations for the ABET visit, while at the same time pregdarinige
SACS visit which scheduled for March, 2009. Unfortunately, ieparing for these
visits, several challenges were encountered that contributed to makingskhenore
arduous than usual. This paper examines some of the issues andgelsaiecountered
in preparing for the two visits and examines some of the ibatitrg factors that made
the effort more arduous than usual. The paper also discussesfsitrefforts made to
reconcile the ABET and SACS accreditation requirements, and makes recommendations
that can assist this institution, and others like it, with their preparafamsuture
accreditation visits, should they be confronted with a similar situation.

CHALLENGES TO THE PROCESS
Administrative Change

Some of the main challenges encountered during the whole re-accreditattesspcan

be attributed to administrative changes within the institution. Prior doptRvious
accreditation cycle, the university administration had opted for an adraivis
structure that had one of the six Engineering Technology progfivis,Engineering
Technology, being moved from the School of Engineering Tecgga@ad Management
(ET&M) to the new School of Architecture, Civil Engineering Techggloand
Construction.  This meant that two different Deans were now responsible f
coordinating the ABET re-accreditation process for our Technologygrgms.
Compounding this problem, the administration of the School of ETi&dd changed
through three Deans and two Interim Deans between accreditation cyclesdition,

the university itself had gone through three Academic Vice-Presidaritggdhe same

time frame. This meant that accreditation initiatives were not successfidiwéd up

by succeeding administrators, thereby delaying the implementaticsoroé of the
requirements for re-accreditation, most notably, the continuousveprent cycle. The
changes in the upper administration also resulted in changes at the departmehtal lev
The ECET department went from having a Department Head to havDepartment
Chair with increased responsibilities.  Since the 2006-2007 academnictile ECET
department had established an ABET Task Force Committee (TFC) to wABEhre-
accreditation issues for the three programs in the department. This committee was
headed by a senior faculty member who had previously workedpmgram
reaccreditation and had experiences as a ABET program evaluator. esthef the
committee was made up of the program coordinators for the EET, GoEThe TCET
programs along with one other senior faculty member with ABESGnam evaluation
experience. This committee was tasked to develop criteria and procedures for all
programs to satisfy the ABET mceditation criteria. It worked closely with the
Department Chair and the Dean to coordinate its efforts with those @f pthgrams
within the School of Engineering Technology and Management. TES BX@partment
Chair served as an Ex-officio member of the TFC to provide criticglostignd input,

as well as coordinating the timely receipt of information from other depattmon
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campus. Coordination with the Dean responsible for the Civil Engige&echnology
program was left up to the Dean of Engineering Technology and daread.

Procedural Changes

Initially, SPSU did not have a coordinator for accreditation issues. Insteadulgy f
member was appointed as “SACS Liaison” in 2006 to coordinate the university’s SACS
accreditation efforts. Since the Engineering Technology programs wger®r re-
accreditation within the same time frame as the SACS visit, it was detlidedhe
coordinator would work in concert with the affected Deans, and their Degrar Chairs,
to co-ordinate their racceditation efforts. This individual worked diligently in trying to
establish policies and procedures for achieving a successful outcome. Haeves,
the sheer volume of effort required and the fact that the faculty sretrdd other
responsibilities, the administration decided to hire a full time individual thightitle of
Director of Institutional Effectiveness and Planning during the 28008 academic year.
Part of the responsibilities for this individual was to take over the duties of the “SACS
l[iaison”. This individual had a strong background of working with SACS accreditation,
but was not as familiar with ABET requirements. The result wassthaificant changes
were made to the procedures that had already established by the “SACS Liaison” for
fulfilling the re-accreditation requirements. As would be expected, thisdagldneasure
of confusion, and more complexity into the campus processes.

THE ABET/SACS CONUNDRUM

The goal of ABET accreditation is to ensure minimum quality standaelsdhered to
by individual programs. In visiting programs for re-accreditat®BET evaluators look
for evidence of procedures that have been established for continuptsvément,

evidence that these procedures have been followed, and that the conitinpimement

loop has been closed. They will also look to see that the course offeréegdhe stated
outcomes and objectives for the program, and that the courses areffieiad as stated.
Faculty qualifications are also reviewed.

Accreditation by SACS on the other hand applies to the whole univer&igsides
looking at programs and faculty qualifications, SACS also lookbeatadministration,
library, and other support entities within the university. Off-canegram offerings
are of particular concern in terms of quality and similarity of stesh&l with on-campus
offerings.

Since the goals of the two accrediting entities differ, there are complessismvolved in
attempting to use the same procedures to prepare for accreditationebintbdmdies.
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Terminology

One of the most obvious differences occurs in their use of telogiyno In its general
criteria for evaluating Engineering Technology programs, ABET utilthesfollowing
terminology [1]:

Program Educational Objectives Program educational objectives are broad
statements that describe the career and professional accomplishments that the
program is preparing graduates to achieve.

Program Outcomes Program outcomes are narrower statements that describe what
students are expected to know and be able to do by the time of gradlih&ea.
relate to the skills, knowledge, and behaviors that students acquire in their
matriculation through the program.

Assessment Assessment is one or more processes that identify, collect, andeprepar
data to evaluate the achievement of program outcomes and program educational
objectives.

Evaluation— Evaluation is one or more processes for interpreting the data and
evidence accumulated through assessment practices. Evaluation determines the
extent to which program outcomes or program educational objectives are being
achieved, and results in decisions and actions to improve theaprogr

Continuous Improvement - a documented process incorporatingameleiata to
regularly assess its program educational objectives and program ouscahte,
evaluate the extent to which they are being met.

SACS on the other hand refers to a Quality Enhancement Plan (QEP) defined as
follows [2]:

The Quality Enhancement Plan (QEP), submitted four to six weeksvaneel
of the on-site review by the Commission, is a document developetheby
institution that (1) includes a broad-based institutional process identiging
issues emerging from institutional assessment, (2) focuses on leartinges
and/or the environment supporting student learning and accomplisiéng
mission of the institution, (3) demonstrates institutional capability tier
initiation, implementation, and completion of the QEP, (4) includes boasdd
involvement of institutional constituencies in the development and pedpo
implementation of the QEP, and (5) identifies goals and a plan to assess their
achievement. The QEP should be focused and succinct (no morsethenty-
five pages of narrative text and no more than twenty-five pagesppoging
documentation or charts, graphs, and tables).

While there are clearly some overlaps in the requirements for ABET and SACS
accreditations, there were some differences in interpretation of the terminolegiks u
One of the first issues encosardd was in reconciling the term “outcomes” between the
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ABET requirements and the SACS requirements. There were somediffgences in
interpreting what was meant by ABET Inc., compared to what was mea#tQdy.S

Requirements

At first, we were adviskéby the ‘SACS Liaison” of our university that if we meet the
ABET requirements we would certainly meet SACS requirements. kdupnt that it
was true only to some extent, not entirely. For example, in prepafatidghe SACS
visit, we were asked by the liaison to do the following:

- Establish our Assessment Methods for our Programs. Establisglria of
assessment for each method chosen. Create a matrix mapping the method,
frequency of assessing, data collection media, how collected, from whom
collected, responsible party for collection, who evaluates the data, how
often evaluations are done for improvement. Establish our Performance
Criteria for EACH assessment method.

- Since TAC/ABET had exactly the same requirements, in our caseT(ECE
Programs) this was not an additional load. However, as it turned out we
could meet SACS requirements by utilizing two of the tables developed by
the ECET ABET Task Force Committee as shown in Tables 1 and 2 below

[3].

Table 1: Program outcomes table.

Course Performance
Program Outcome Linkage Criterion
Demonstrate an appropriate knowledge ECET2110 80% of students should score 70%
the fundamentals of computer engineeri more

technology, mathematics and science

Demonstrate an appropriate mastery ECET3220 80% of students should score 70%

knowledge, techniques, skills and mode more
tools of the technical components of tl
curriculum

Table 2: Summary of results of program outcomes table.

Program Outcome (_:ourse Perf_orrr_\ance Student
Linkage Criterion Scores

Demonstrate an appropriate knowledge of ECET2110  80% of students 82% of
the fundamentals of computer engineering should score 70% students
technology, mathematics and science or more scored 75%
Demonstrate an appropriate mastery of ~ ECET3220  80% of students 78% of
knowledge, techniques, skills and modern should score 70% students
tools of the technical components of the or more scored 72%.

curriculum
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As we found out there are many overlaps, but what makes S&qi8ements to some
degree distinct from the TAC/ABET requirements are the following:

e Institution has to demonstrate that each educational program for adademic
credit is awarded a) is approved by the faculty and the administratianb)
establishes and evaluates program and learning outcomes.

e The institution identifies expected outcomes for its educational progratis
administrative and educational support services; assesses whether it achieves
these outcomes; and provides evidence of improvement based on analysis of
those results.

o the institution provides evidence of ongoing professional developméantdfy
as teachers, scholars, and practitioners

e The institution publishes policies on the responsibility and authorifgooity in
academic and governance matters.

MAKING IT ALL WORK

The work for SACS preparation started in the summer of 2006 and cantifalkele 3
shows the timeline established by the institution for preparing forisits.v

The ABET visit took place in October of 2008, and the institutiostils awaiting the
final report from ABET, Inc. Due to delays in getting some of thdicoous assessment
tools in place, it is anticipated that there will be some recommendations favinpent
in this area. The use of the TFC was considered to be a very effeagvie get a lot of
the preparation work done. Since the TFC included the program coordjnataas
effective in distributing the workload, and in getting the majority amfufty members
involved in the effort. The team also worked together in proofreaatidgcritiquing the
individual program self-study reports before submission to ABERis allowed us to get
most of the kinks out of those documents.

RECOMMENDATIONS AND CONCLUSIONS

Trying to survive the ABET and SACS double whammy hasgmde be an arduous and
difficult task as best. It can sometimes prove to be a frustrating arldasapt
experience to go through, but the results are well worth it. Some ialeabons have
been garnered from the experience that will prove helpful duringefuiaccreditation
visits and should provide some useful insight for programs dleatthe same dilemma in
the future. Based on the experiences, and insight gained, the auwthubddike to make
the following recommendations:

1. Start planning for your visits as early as possible. In the ideal aas®on as
the current accreditation cycle is completed.
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Table 3: Timeline for the Preparation for ABET and SACS visits

Semester Activity

Summer2006 Establish Leadership Team (President, SACS Liaison).
Set up the Office of Planning & Assessment
Set up SACS Preliminary Budget (SACS Liaison, Leadership Team).
Set up SACS Preliminary Calendar (SACS Liaison, Leadership Team)
Begin holding Leadership Team meetings (SACS Liaison)
Develop Documentation for campus information on QEP & Self-Study
Continue Leadership Team meetings throughout rest of SACS time-table
Develop SACS Website (SACS Liaison)
Solicit ideas for Quality Enhancement Plan Project from campus
Solicit volunteers for both QEP and Self-study committees (President, SA(
Liaison)
Conduct workshops with Dept. Heads on Assessment (Deans, SACS Liais
Spring 2007 e Begin work on Dept & support area comprehensive self-studies (Leguersh
team, Dept. Heads, Division Heads)
e Complete work on Department and Support areas self-studies (Leadershij
Team)
¢ Begin writing Core Requirement & Comprehensive, Standards document (
Study Committees)
Summer 2008 e Complete writing Core Requirement & Comprehensive, Standards docum:
(Self-Study Committees)
e Complete writing Quality Enhancement document
Fall 2008 o Off-site review conducted 2nd week in Nov. (Leadership Team)
[ ]
[ ]

Fall 2006

Plan for visit in spring (Leadership Team)
SACS on-site review (March 15-April 30)(campus)
¢ Quality Enhance Plan due6 weeks prior to on-site visit (SACS Liaison)

Spring 2009

2. Establish an institution-wide liaison person whose sole responsibility inglea
with accreditation matters. It would help greatly if the individual is familiar

with all the agencies responsible for accreditation of the different pregoam
campus and understands their various requirements and terminolbgy

should be able to advise individual departments on best practices forgneetin

their goals.
3. Establish departmental task forces (TFCs) with responsibility for

establishment of all criteria necessary to meet the goal of obtaining re-
accreditation for their programs. It is imperative that the department claair an
all program coordinators are part of this effort. Moreover it is of the sttmo
importance that the Faculty Task Force committee has a clear and strict timeline

for its activities as shown it Figure 1.

4. Ensure that by its composition, the TFC has enforcement capabilitystoee
that the faculty members comply with requests for information timaly
manner.

5. Ensure that all faculty members, full-time as well as part-time, dyeafvare of

their responsibilities vis-a-vis accreditation and continuous improvement

expectations.
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6. Ensure that the preparation work is evenly divided among faastyest as
possible.
7. Lastly, if at all possible, avoid major administrative changes in thelenafdhe

process, especially close to a visitation when policies and procedures have
already been established.

The authors did not get an opportunity to compare their experiencethwosth at other
institutions who have recently gone through a similar effort. Tliisbe a follow-up
effort to this paper in an effort to develop a set of best practices.

. . T Meeting with the dept.
Meetlng with the dept. General faculty meeing Chalitolavaltatelhelesult .
Chair to evaluate the results to evaluate the results fthe FCAR, Exit intervi General faculty meeting to
of the FCAR and Exit of the exit interview (/)-\I ?S g X('j E er}new, evaluate the results of the
interview and FCARs U “Zi{\f:;, ;. mpicyen exit interview,FCARS,
alumni and
Employer Survey*
FCAR FCAR
evaluation evaluation -”-

January |February| March Ma June july

)

Advisory board meeting Exit interview
Spring Semester

Alumni Survey* Employer Survey* ,:E:I'lté"gﬁf‘e":t:r

Legend

FAC : Faculty Assessment Committee
FCAR: Faculty Curriculum Assessment Report
* Employer and Alumni Surveys that takes place every three year

Figure 1. Timeline for the process of assessment and evaluation of the fArogra
Evaluation Objectives and Outcomes.
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ACCREDITATION AND ISO CERTIFICATION AS TOOLS F OR
ENSURING EXCELLENCE AND TOTAL QUALITY IN
EDUCATION

Cynthia C. Llanes
Office of the Vice President for Academic Affairs
Technological Institute of the Philippines, Quezon City, Philippines

ABSTRACT: Since its founding in 1962, the Technological lis& of The Philippines (TIP) has
endeavored to continuously re-define the meaningaafdemic life, in terms of its own identity and
processes as well as the level of excellence aalityjof the educational services it offers todtentele.
TIP is one among a select number of schools inPthiippines with a Quality Management System
(QMS) certified compliant to the International Orgaation for Standardization (ISO). As a way of
ensuring excellence and total quality in educatite school voluntarily submitted itself to the
accreditation process through the Philippine Asstami of Colleges and Universities Commission on
Accreditation (PACUCOA) as the accrediting agenayder the umbrella of the Federation of
Accrediting Agencies of the Philippines (FAAP). $hpaper discusses 1) a brief description of the
accreditation process in the Philippines, 2) th#oas taken by the school to comply with accreditat
and ISO standards, 3) how these efforts contributelle realization of its mission to transformdstots
into graduates with full competence in their respecfields of study, and 4) the outcomes of
accreditation and SO Certification processes.

KEYWORDS: Accreditation and ISO standards; Total Qualitfducation; Continual Improvement of
Academic Processes; Faculty Development Programateic Alliances; Competent Graduates

INTRODUCTION

The Technological Institute of the Philippines (TIP) is a private tertiarytttien
offering programs in engineering, architecture, computer science, mation
technology, information management, business, maritime and educatice B
founding in 1962, the Technological Institute of the Philippines hakeavored to
continuously re-define the meaning of academic life, in term¢soéwn identity and
processes as well as the level of excellence and quality of the educatimedssér
offers to its clientele. TIP is one among a select number of schabls Philippines with

a Quality Management System (QMS) certified compliant to the international standard
ISO 9001:2000.

Consistent with its commitment to pursue the accreditation of the greataber of its
curricular offerings as a way of ensuring excellence and total qualityuicagdn, the
Technological Institute of the Philippines voluntarily submitted itself to theeditation

process through the Philippine Association of Colleges and UrtiesrSommission on
Accreditation (PACUCOA) as the accrediting agency.
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The PACUCOA is a private educational agency, which gives formagmé@n to an
educational institution by attesting that its academic program maintains abragea
standards in its educational operations, in terms of its aimstgectives. It is one of the
accrediting agencies recognized by the Commission on Higher Educai&@DjGnd is
under the Federation of Accrediting Agencies of the Philippines (FAAP), ritzelia
organization of accrediting agencies in the Philippiiiés

In the light of these directions and opportunities, this papermhsaagliscuss: (1) a brief
description of the accreditation process in the Philippines, (2) the actiars higkthe

school to comply with accreditation and ISO standards, (3) how thiests eontributed

in the realization of its mission to transform students into graduatesulitompetence

in their respective fields of study, and (4) the outcomes of accreditatiorlS&hd
Certification processes.

To answer the foregoing questions and to be able to depict the THPiemqe in
acaeditation and ISO certification, this descriptive study conducted a docueneeivr
of the following: school’s strategic plan, review of the strategic plan by stakeholders,
department processes, and annual reports.

THE ACCREDITATION PROCESS IN THE PHILIPPINES

The Commission on Higher Education (CHED) encourages the use oktifenism of
voluntary accreditation as a tool to meet the standards of quality over anel tigov
minimum required for government recognition.

The levels of accreditation in the Philippine setting are [2]

Candidate status For programs which have undergone a preliminary suvigly
and are certified by the federation/network as being capable of acquiring
accredited status within two years;

Level 1 accredited status For programs which have been granted initial
accreditation after a formal survey by the accrediting agency and dtifjeder
by the accreditation federation/network, effective for a period of threes;yea

Level Il re-accredited status For programs which have been re-accredited by the
accrediting agency and duly certified by the accreditation federation/network,
effective for a period of three or five years based on the appraisdleof t
accrediting agency;
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Level Il re-accredited statusFor programs which have been re-accredited and have
met the additional criteria/guidelines set by the federation/network for this level.
Level Il re-accredited undergraduate programs must satisfy thewiwsoft the
following criteria and two others of the succeeding oK@sA reasonably high
standard of instruction; (b) A highly visible community extension agr(c)

A highly visible research tradition; (d) A strong faculty developmeadition
evidenced by an appropriate budget allocation and/or systematic plan foy facult
development programs; (e) A highly credible performance of itsugtaed in
licensure examinations over the last three years; (f) Existence of working
consortia or linkages with other schools and/or agencies; and (ghdise and
functional library and other learning resource facilities.

Level IV accredited statusFor accredited programs which are highly respected as
very high quality academic programs in the Philippines and with premtige
authority comparable to similar programs in excellent foreign univegsitie

There are nine survey areas under PACUCOA accreditation namelyyr@ses and
Objectives, (2) Faculty, (3) Instruction, (4) Library, (5) Labomatd6) Physical Plant

and Facilities, (7) Student Personnel Services, (8) Social Orientation and Community
Involvement, and (9) Organization and Administratith

ACTIONS TAKEN BY THE SCHOOL TO COMPLY WITH ACCREDITATION
AND ISO REQUIREMENTS

The Technological Institute of the Philippines (TIP), in its effort to atth@ Highest
level of accreditation for all programs and maintain its ISO 9001:2000 certificiasio
initiated actions to align all school programs and processes along accreditatik80Oand
certification requirements [3]

1. Implementation of a Quality Management System

The Technological Institute of the Philippines developed and implemented a quality
management system to provide training and education services that colysietet all
customer and applicable statutory, regulatory and accreditation requirementhif].
was also intended to address customer satisfaction through effentiy efficient
application of the system, including continual improvement and the prevenftioon-
conformity.

2. Continual Improvement of Academic Processes

The following academic processes were adopted and re-aligned toward accrealitdtion
ISO certification standards [5]
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Regular review of mandatory requiremenBeview of curricula, syllabi, Weekly
Lesson Activity Plans (WLAPS) and other instructional materials are tathaer
annually with the end in view of integrating new developments or téodies

Every academic department is mandated to create its own academic advisory
board whose task is to conduct periodic re-assessment of curricular affering
This is to keep the programs of study relevant to the neede @fidhstry. The
advisory board is composed of academic experts, industry expactdfyf
members, alumni, and students. The academic advisory board is expected
derive possible changes to the curriculum based on requirements setigtyyind
involving the application of new practices and technologies in the work place.

Integration of program enhancemeni®o effectively respond to changing patterns
and requirements of employment and the needs of the communitydarsdrin
the school proactively addresses key issues derived from continialoguees
with partners and from listening mechanisms such as feedback, $oiggestd
even complaints from stakeholders.

Several technology integration initiatives designed to directly impact all
curricular offerings are being implemented such as: (a) integrationdafstry
software in selected programs (b) the inclusion of the speech lalyorator
component in all English subjects, and (c) the conduct of lecture series
relevant topics, among others.

A 9-hour speech laboratory component was integrated in all Engligacss in
response to the feedback of industry partners that some TIP graduates have
difficulty expressing themselves during the job interview.

Involvement of industry practitioners in the instructional procdsP keeps a pool
of industry professionals and practitioners who teach specific couigesdl
with their areas of specialization and who help in the improveofectirricula
through the sharing of their industry practices and experiences. Thasal sp
lecturers for professional courses from the industry partners assurg stron
industry participation on campus and a reliable supply of well qualified and
industry literate faculty members. Aside from teaching assignmergg, th
participation in the instructional process also includes (a) curriculum
development, (b) setting of program objectives, (c) identification of industry-
required competencies, (d) provision of opportunities for students’ industry
immersion, and (e) training of faculty members, among others.
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The underlying assumption was that the participation of industry praetito
can contribute to the desired outcome of the continual improvementeof th
school’s educational process for greater customer satisfaction.

Regular monitoring and evaluation of academic proces3é® school employs
various systems of monitoring the effectiveness of teaching andirigain
relation to curriculum content and learning outcomes of each program.

Customer feedback mechanisiil organizational units are required to establish and
maintain their respective stakeholder feedback mechanisms to enable
measurement and monitoring of stakeholder satisfaction. These feedback
mechanisms include surveys, focused group discussions, stakeholder
assemblies. Among the inputs gathered are suggestions concerninglwonric
design and instructional process. These, in turn, have generated among TIP’s
academic managers, a keener awareness of the direction of indeistaydbs
and a heightened sensitivity to available technology.

Student competency assessmer@®mpetency examinations in identified critical
courses are conducted to provide assessment of the students’ learning outcomes.
These are used to measure the effectiveness of the faculty memberghtred
subjects in the delivery of instructions. These competency examinateso
used to evaluate the extent of learning achieved by students. Coramittee
composed of faculty members with the required expertise for thgecsub
formulate the examination questions. The committee is in charge of @nsurin
that the topics included in the examination cover the course syllabus atttethat
degree of difficulty of the examination is within the standardssétd school.

Deficiencies identified from the results of the Competency Examinations and
Periodic Faculty Evaluations are addressed through various initiativesasuch
academic counseling, tutorial classes, faculty coaching and mentoring

Test item analysisTest item analyses are conducted in the final summative
assessment in all subjects to evaluate the validity and reliability of test
instruments. Furthermore, the test item analysis helps the facultypenero
evaluate the designed distribution of the degree of difficulty of the itevas gi
during the examinations. It also enables the faculty member to assess #ike over
performance of the students and serve as a tool on the part cdctligy f
member for the necessary adjustment of his teaching approach.

Student faculty evaluationStudent faculty evaluation is conducted to determine the
performance of the faculty as perceived by the student. In this evaluatio
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students are to evaluate their faculty members regarding various aespectg

which include the teaching methodologies and how these contribute in the
conduct of classroom activities and the achievement of the specific learning

objectives intended for the meeting.

Annual curricular program reviewAnnual curricular program review is conducted
to monitor the performance of each curricular program with regastudent
profile, teaching and learning quality, resources and market responsiveness

Comprehensive curricular program reviewh comprehensive curricular program
review is conducted at least every four years for a 4-year coursevandfive
years for a 5-year course. The comprehensive curricular pragndew shall
verify program quality, viability, and compatibility with TIP’s strategic
direction, and responsiveness to the needs of the industry.

Curricular program evaluation surveyCurricular program evaluation survey is
conducted annually with graduating students as respondents to evaleate t
attainment of program objectives.

Course evaluationsCourse evaluations are conducted on selected professional

subjects at the end of every semester. The purpose of these evalistmihe
able to solicit student evaluation on the aspects of course objectives,tconten
methodology, facilities/resources, among others.

Industry perception surveyln its effort to continuously improve and enhance its
curricular programs, TIP conducted an industry perception survegdal) to
identify the skills and competencies required by industry, 2) to detertiméne
acceptability of TIP graduates by industry, and 3) to identify gapsreas for
curricular development.

3. A Comprehensive Faculty Development Program

The Technological Institute of the Philippines upholds the belief that arotrey
factors, the competence of the faculty of instruction makes aetifferin the quality of
students’ performance and scholastic achievement.

The academic credential of the faculty is one of several universally acoejpéei for
content competence. Thus, the institution continuously implementsver@agichanisms
to recruit qualified teachers with graduate and post-graduate degregsyetop and
enable new members of the faculty to obtain the same over a specifatigfdime.
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In addition to academic preparation, the institution also recognizes that théynolus
professional experience of the teacher reinforces his theoretical knowledgbyther
contributing to better teaching process. This qualification criterion guides titatios

in the hiring of new teachers as well as in the implementation datléty development
program.

Aggressive recruitment of industry lecturers (industry practitionersitggpart-time) is
continuously implemented as a means to balance content knowledgepradtice

expertise in the different disciplines. As matter of policy, industry lectarerassigned
subjects along their current industry function or experience.

The faculty loading policy mandates that all graduate and post-graduate Helglers,
among other criteria, be given priority in loading assignment. Tdkismse enables the
academic departments to seamlessly load the qualified faculty with sulgkedesd to
their graduate studies, training, certification (if any), or industrial experience.

The Vice President for Academic Affairs is the leaghlisementer of the school’s Faculty
Development Program in coordination with the Human Resources Depta(tiiD),
the Center for Teaching Excellence (CTE) Office, and the respective DearmCtiaar
different academic departments.

The Faculty Development Program is intended to develop the faculty enenmbthe
following areas [6]:

Academic qualifications and professional competen®farious support initiatives
are in place to enable naemaster’s degree holders obtain their aligned graduate
as well as post-graduate degrees over a prescribed period. These initiatives
include, but not limited to 1) extending interest-free cash advanceatiiep
faculty members at the start of every term for graduate school matriculation
support; 2) facilitating the application of qualified faculty membersaigous
scholarship windows for graduate education available from government
agencies such as the CHED and the DOST; 3) extending direct financial
assistance to qualified faculty members in order for them to fihishmaster’s
or doctoral degrees.

The institution also provides an enabling mechanism for specific me iwfties
faculty who lack industry exposure to gain the necessary indusprience
along their discipline. The institution developed a policy to progressivelyeenab
qualified members of the faculty obtain paid industry immersion duttieg
summer terms.
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Discipline-related competence The institution values continuous upgrading of
faculty competence in relation to recent developments in their respective
academic field. All academic departments are directed to identify new trends
and technologies in their respective discipline and conduct at least one (1)
internal discipline-related seminar or workshop. In addition, facultynipees
are also encouraged to attend external discipline-specific seminars, workshops
or conferences

The members of the faculty are motivated to become active in organizations
aligned with their professional affiliation. Towards this end, the institution
provides support by extending cash advances to faculty membertheir
annual membership fees in these organizations.

Pedagogical competenceThe Center for Teaching Excellence (CTE) is the lead
office tasked to conduct continuing training initiatives in order to phasewv
hires into the teaching profession. In addition to the regular traininggmogr
being implemented by the CTE and along the institutional thrust to develop
teachers to become excellent educators, the TIP also offers the Teaching
Certificate Program (TCP), an 18-unit postgraduate course that trams no
education teachers with the art and science of pedagogy and qualifies them to
take the government Licensure Examinations for Teachers (LET).

The school provides supportive administrative and physical structureatite en
faculty members employ innovative strategies to facilitate learning.hagPa
Faculty Research Center, which supports the computing needs of teabkars
they prepare multimedia presentations for specific topics in the syllabus.
Facilities for multimedia presentations were also provided.

Research competenceThe TIP Research and Development Office (RDO) was
established to manage the institutional research program and ensure the
fulfillment of the school’s research objectives. The RDO undertakes various
activities to enhance the research capability of faculty members. For the pas
five years, the school’s research program yielded a bountiful harvest of about
200 researches per campus aligned with the CHED’s and Department of Science
and Technology (DOST) research agenda for national development. Research
have been presented in national and international conferences and forums, and
subsequently published. Through these national and international exposures,
among other benefits, exchange of valuable information and iasigtit other
research communities was generated, serving as inputs for the improwdment
research and for possible collaboration in the future.
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The high output level of researches over a period of five years wasyrdaml

to the school administration’s support to the faculty in terms of technical
assistance through the RDO, research incentives, research competitions at
different categories, financial support for paper presentations (local and
international) and publication of finished researches through various research
journals.

Personal professional developmemhe faculty members are enjoined to continually
update their knowledge about their respective fields through membership i
professional organizations and the pursuit of graduate degrees. idatead
previously, the institution towards this end provides modest subsidies.

As part of the total incentive package offered to teachers, progressive
professional development is rewarded based on merit. Such financial incentives
are given to faculty members who (1) obtain a professional license thvben
discipline so requires; (2) obtain a specified number of graduate units taward
aligned graduate or post-graduate degree; (3) obtain an aligned graduage- or
graduate degree; and (4) obtain a professional certification, among others.

Performance reviews by students and the Department Chair are coreitened
semester, before the scheduled midterm examinations. A review s@ayeal
conducted in the event of a promotion or change in duties and respaasibilit

a concerned faculty member. Performance evaluation is used to determin
whether a faculty member performs his job satisfactorily. It isatem| used to
improve instructional competency.

During formal performance reviews, the Department Chair/Dean evaluates th
faculty member in the areas of: (1) Mastery of the Subject Md&giVethods

and Strategies, (3) Punctuality and Attendance, (4) Classroom Manag&hent,
Command of the Language of Instruction, (6) Attitude TowéndsStudents, (7)
Personality, (8) Observance of School Policies, and (9) Human Relations,
among others.

Evaluations are conducted to identify the faculty member’s strengths and
weaknesses with the end in view of improving his overall pedooa. The
results of these evaluations are collated, analyzed, and summarized. These are
then discussed with the concerned teacher and serve as basis for: ifdle poss
promation in rank, (2) financial incentives, (3) commendationkéfresults ar
noteworthy, and (4) corrective actions if non-conformities are identified
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The institution believes that the optimum gauge of the effectiveneskeof
faculty development program is the consequent improvement of Higyqof
teaching. In this regard, the measurement mechanism employetheb
institution towards determining the quality of teaching utilizes sevemltin
measures: (a) the results of the faculty evaluation by supervisadenss and
peers, (b) course evaluation of specific subjects conducted at thef emdry

term, and (c) the results of student satisfaction assessments. All data indicate
that the faculty development program has helped improve the quality of
teaching.

4. Strategic Alliances

As an institution committed to bring and maintain high standard ofict&in to students
competent in their fields of study and imbued with the proper valhess¢hool has
networked strategically with other local and international colleges and univessities
has kept close alliances with professional organizations and industryughhthese
linkage arrangements, various areas of cooperation were realized inteedédrtce the
institution’s  capability to deliver its functions of instruction, research,
productivity/linkages and extension services to its students and Gthehslders.

5. Strengthening of the Schol’s Community Outreach Program

Consistent with its vision to be a school steeped in community serdieemaintains
active community development programs to strengthen community relatioh make
the adopted community residents self-reliant.

The Office of Social Orientation and Community Involvement (SOCI) waslesttat) by
the institution to ensure proper planning, implementation, monitoridgeaaluation of
community projects.

In order to effectively contribute to local, regional and national developmenigthiits
extension programs, the school implements mechanisms such @snfl)ct of a yearly
needs assessment survey to identify the immediate needs of the comniRhity;
Comprehensive strategic planning for the adopted community aimeelpahchthem
become self-reliant community; and (3) Evaluation and monitoringmpiemented
community projects.

TIP has implemented community projects through various activities sdieduin the
succeeding paragraphs [7]:

Projects for the adopted communitieAs a contribution to local community
development, community development projects were undertaken by @P an



QUALITY ASSURANCE IN ENGINEERING EDUCATION 24

participated by the faculty, non-teaching personnel and students wheke loca
adopted communities were the major beneficiaries. The School provided the
community residents, as project participants, technical assistance leading to the
acquisition of specific employment or entrepreneurial skills as well as initiatives
intended to develop discipline and self-reliance formation. More than 50
families from the adopted communities benefited economically from these
sustainable development projects.

Projects for the adopted high schaokhe school has adopted several high schools
in response to the call of the government for such support frerptivate
sector. There are two continuing programs developed and depldyel were
intended to benefit the adopted High Schools: the Computer Literacy Program
and the Math Clinic. As an outcome, students from these adopteddtigbls
were able to attain better performance in the Secondary Achievement Test for
Mathematics due partly to the Math Clinic. In addition, students froen th
adopted high schools not only improved their ICT competency beh ev
garnered winning places in Inter-School competitions in computer applications.
More than two thousand (2000) high school students from tiferetit public
high schools in four identified Divisions of City Schools benefitexinf these
expanded Computer Literacy and Math Clinic programs.

Other environment related projects/undertakings line with the school’s
commitment of promoting care for the environment and the dasitentribute
to the general welfare of the society, TIP is actively involved inrenmental
projects such as:

Adopt-lpo Dam Project. The school partnered with the Department of
Environment and Natural Resources (DENR), Manila Water and
Sewerage System (MWSS), Manila Water, and Municipality of
Norzagaray for the adopt the Ipo Dam project. Volunteer students,
faculty members and staff have been actively involved in tree planting
and maintenance of the adopted lot area. The Technological Institute of
the Philippines was recently awarded by the Manila Water Company as
one of the 18 institutions recognized for their efforts in prongotin
environmental awareness among its constituents

Involvement of TIP Officers and Faculty Members as Assessors on
Cleaner Production. Selected Officers and Faculty Members of TIP who
were trained as cleaner production assessors are deployed as technical
consultants for the implementation of Green Framework of Innovative



QUALITY ASSURANCE IN ENGINEERING EDUCATION 25

Strategies on Sustainable consumption and Productivity in Marikina
City.

6. Provision of Extensive and Functional Learning Facilities

The Technological Institute of the Philippines envisions itself afetiting school in the
fields of Engineering and in all its other academic offeringssdport this vision, the
school is committed to provide up-date library resources and facilities that are
conducive to learning. The procurement of relevant and updated lilessources and
upgrading of laboratory facilities is a continuing process.

7. Student Development Programs

Processes involving career planning and development for studiems.admission to
graduation, are in place and effectively working. These processes inaombag others:

Pre-process matchingAs part of the admission process, incoming students are
interviewed by the Guidance Counselors to determine their individualecours
preference. A leveling of expectation is conducted to inform the studktits o
unique requirements of the program they prefer, including spelgilities and
aptitudes expected from them. Through these interviews, the schoot £tisel
effective matching of abilities and aptitudes of students to the demarts of
program to which they intend to enroll.

In-process matchingThe Guidance and Counseling Center has a testing schedule
per year level, which includes the conduct of Academic Aptitude Tests to
second year students. Results are discussed to students sbethatotid
become aware of their aptitudes.

Educational guidance is continuously provided to students througls fp@up and
general assembly meetings with their respective Deans/Department Chairs. rokieke p

a mechanism to enable students to cope with the difficulty of college hifeseTalso
serve as venue for the leveling of expectations pertaining to teacher competency,
adequacy of facilities and other academic-related concerns. The Guidance and
Counseling Center also provides regular counseling assistance to all studgnt
emphasis on students with identified special needs.
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REALIZATION OF TIP’S MISSION TO TRANSFORM STUDENTS INTO
COMPETENT GRADUATES

The school’s effort to comply with accreditation and 1ISO standards has resulted in an
improved performance of students and graduates as they excefledfollowing areas

[8]:

Licensure Examinations. The school’s efforts to improve the instructional delivery
have resulted in a significant improvement on performance in licensure
examination as TIP graduates consistently performed higher than national
passing percentage in Marine Engineering, Civil Engineering, Electrical
Engineering and Education programs. TIP has also producesbd gumber
of topnotchers in licensure examinations.

National CompetitionsTIP students were declared winners in prestigious national
competitions such as Ten Outstanding Students of the Philippines, Petron Art
Contest, Shell Art Competition, National Quiz Bees, among others.

Employability of GraduatesThe graduate tracer study conducted by the alumni
office for the past five years shows an employment rate of 91.6%

Acceptability of TIP Graduates by the Industdy survey conducted to assess the
acceptability of TIP graduates by the industry revealed a mean ratint3obw.
a scale of 1 to 5, where 5 being the highest score.

OUTCOMES OF ACCREDITATION AND ISO CERTIFICATION PROCESS

In the recent years, TIP had the privilege to receive recognitions forpéem
performance in the provision of quality education such as :

Autonomous Status and Deregulated StaltudNovember 2009, the Commission on
Higher Education (CHED) awarded TIP Quezon City Autonomous Status and
TIP Manila Deregulated Status. Autonomous status the highest possible award
given by CHED to a higher education institution. This is in recognitioitso
exemplary performance shown in the provision of quality higkguication,
research and extension work.it/ TIP Quezon City’s autonomous status, it
joined the exclusive league of 42 autonomous schools from 1,74terhig
education institutions nationwide.
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Centers of DevelopmentTIP was recognized as CHED Centers of Development
(COD) in three programs namely, 1) Computer Engineering fBr Quezon
City and TIP Manila, 2) Civil Engineering for TIP Quezon City and 3)
Information Technology Education for TIP Manila and TIP Quezon ®hich
includes the programs Information Technology, Computer Sciencd, an
Information Systems.

Levels of AccreditatianTIP has various accreditation levels for its different program
offerings under the Federation of Accrediting Agencies of the Philippines-
Philippine Association of Colleges and Universities Commission on
Accreditation (FAAP-PACUCOA). As of July 2011, all of the qualified
programs of TIP are accredited at various levels. TIP Quezon &ty hhevel
Il accredited programs namely, Civil Engineering, Computer Ikaeging,
Electrical Engineering, Industrial Engineering, Marine Engineeringnilaer
Science and Business Administration. Nine out of 14 programs$FoMBnila
are Level Il accredited namely, Civil Engineering, Computer Engineering,
Electrical Engineering, Mechanical Engineering, Industrial Engineeringni#a
Engineering, Marine Transportation, Computer Science  and Business
Administration.

In 2006, TIP was awarded by the PACUCOA under Category énasof the
top five schools with the highest number of accredited programs withejors:
TIP Manila was Number 1 with 11 accredited programs while TIP Quéitgn
was Number 2 with 10 accredited programs.

In 2007, TIP Manila was a special awardee of the PACUCOA as thel stittoo
the highest number of Level | and Level Il accredited programs.

TIP Quezon City was a special awardee of the PACUCOA as tlwlsefth

the First Marine Engineering Program to have been granted Level Il
Reaccredited Status in the National Capital Region (NCR) and the First
Computer Science Program to have been granted Level Il Reaccredited Status
in the Philippines and in the National Capital Region (NCR).

ISO Certification[9]. TIP is one among a select number of schools in the Philippines
with a Quality Management System (QMS) certified compliant to the
international standard 1SO 9001:2000.

ISO 9001:2000 specifies requirements for a quality management systera
an organization 1) needs to demonstrate its ability to consistently erovid
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product that meets customer and applicable regulatory requirements,ant 2)
to enhance customer satisfaction through the effective applicattbe sf/stem,
including processes for continual improvement of the system araksheance
of conformity to customer and applicable regulatory requirenjé@dis

The certification covers thentire operation and services of the institution’s
provision of tertiary education in engineering, architecture, business,
information and communications technology, and maritime education ingludi
training for the national and international industri&@$P’s ISO 9001: 2000
Certificate of Conformity was issued by Det Norske Veritas (DNV)
Certification Ltd10]., a certifying body accredited by the United Kingdom
Accreditation Service (UKAS).

SUMMARY AND CONCLUSIONS

Based on TIP’s experience, the following practices helped toward full compliance with
accreditation and SO certification requirements: 1) Implementation of quality
management system , 2) Continual improvement of academic peeceS% A
comprehensive faculty development program, 4) Networking ankades, 5)
Strengthening of the school’s community outreach program, 6) Provision of Extensive

and Functional Learning Facilities, and 7) A strong student developmentaprogr
among others.

With its various initiatives and their resulting outcomes, TIP has sdedet® a certain
extent in its commitment to excellence and total quality in education. Hontbeee is
still much to be desired. Quality circles are continually exploring possileas af
improvement. These efforts are meant to bring customer satisfacaomgber level and
enable TIP to achieve its vision to be the leading school in all its academiogsfer
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PROGRAM STAKEHOLDERS PERCEPTION OF ABET
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'Chemical Engineering Departmefjomedical Engineering Department
Jordan University of Science & Technology, Irbid, Jordan

ABSTRACT: This paper presents the results of a study airhédeatifying/evaluating the perceptions
of some program stakeholders; namely: studentsrajuand faculty, of ABET. Three different surveys
were prepared and distributed to these programeltddters. Stakeholders of ABET accredited and
ABET-not accredited programs at Jordan University a8 & Technology (JUST) participated in this
study. Analysis of these surveys showed that stedeglieve that having ABET is a right for themrfro
their departments, and they would be proud if thewgrams were ABET accredited. Faculty survey
showed that most of the faculty members of the ABIEEredited programs: are proud of being ABET
accredited, strongly support obtaining ABET acdagéin, and agree that obtaining ABET accreditation
is very important for themselves, students, andugtes. Moreover, they think that ABET requirements
enhanced their teaching and the quality of teachintheir departments and help their departments
achieve their strategic plans

KEYWORDS: ABET; Stakeholders; Accreditation; Surveys; JUST

INTRODUCTION

Quality of higher education has become one of the most deeply theds velowever, the
characteristics of quality and measures of effectiveness for higheatath are neither
easily identified, clearly understood, nor universally accepted. Therefas difficult to
identify a common set of appropriate and universally applicable criteria that enable
reliable and sound evaluation of all institutions of higher education [1].

Accreditation, a peer-review process that assures the quality of theliedustadents
receive, can identify the quality standards required to meet the neggsafession [2].
ABET accreditation is assurance that a college or university program theeqsiality
standards established by the profession for which it prepares its stu@®nts
Accreditation assures the stakeholders of a program’s quality. Students and parents can
be certain that their chosen program/university is peer recognized eBegnition is one
of the key psychological motivating factors that can affect decision gakiiany of
students prefer to join a program/school that is peer recognizeds@ponvho wish to
provide financial supports to a program will not do so if there aredampts about a
program’s recognition or quality. Accreditation enables employers to recruit graduates
they know are well-prepared. It also gives colleges and universitiesuetustd
mechanism to assess, evaluate, and improve the quality of theiam=ogr
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Accreditation in Jordan becomes a new seal of collegiate quality. Recentlyintegym

of Higher Education and Scientific Research obligated all programs in terhi
education to be locally accredited by the Commission of Accreditation ofeHigh
Education Institutions (CAHEI) This local accreditation is considered to ke th
cornerstone of self-regulation process and has dual functions stdrif quality
improvement and providing quality assurance. Similar to most ntdérriational
accreditation processes, this can be fulfilled through a collegial procésstititional
self-assessment and critical peer evaluation based upon criteria established by CAHEI
Although an accreditation evaluation is not an institutional audit, it does ahsiiréne
institution meets minimum standards of quality.

Along with its seeking for local accreditation, the Faculty of Engingeat JUST was
the first in the country to seek ABET accreditation to demonstrate itsramnsy
commitment to providing its students with a quality education simdathat of US
similar-accredited programs. It initiated its plans and strategies to applpBE&T
accreditation through a joint effort with the Ministry of Higher Educatin2006. At the
end of 2007, JUST decided to proceed on its own to apply forTABEthree programs:
Chemical, Biomedical, and Industrial Engineering Programs. These thigampsohave
been accredited by ABET in 2009. One of the first and yet very taposteps through
the preparation process was the identification and involvement of pragnastituencies
or stakeholders in each stage of the preparation. The participation ofarprog
stakeholders has been a must due to the potential benefits ofrigdtakeholders and
tapping their expertise in the evaluation as a way to increase the likelihooaldten
utilization [4-6].

The objective of this study is to identify/evaluate the perceptions of sooggam
stakeholders; namely: students, alumni, and faculty, of ABET.

METHOD

Three different surveys; namely alumni, students, and facultyb@ensurveys, were
conducted to investigate program stakeholders' perception of ABES pahicipants
were chosen from ABET accredited and non-accredited programssuiley questions
varied from one constituency to another, as shown in Tables he3pdrticipants were
asked to rate each statement in the survey from 1 to 5 depemdthg extent to which
they agree or disagree with each statement, where 5 indicates stigregynent, and 1
indicates strongly disagreement.
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RESULTS AND DISCUSSION
Faculty Members Survey

The Faculty members survey was distributed to faculty membersB&TAand non-
ABET accredited programs. Thirteen faculty members of ABET accreditgglgmns and
12 faculty members of ABET non accredited programs participated dnsthdy. The
results of the survey are summarized in Table 1. As Table 1 shdils,about 70% of
faculty members of ABET accredited programs think that obtaining ABEVery
important/important to them, and to their graduates, and 62% of thekthat obtaining
ABET is very important/important to current students, about 40%ABET non
accredited programs think that obtaining ABET is very important/importaheta, 58%
of them think ABET is very important/important to their graduates, arngtisingly 75 %
of them think that obtaining ABET is very important/importantciarrent students,
despite the fact that only 50% of them are strongly supportive to dkiBktiT. This may
be attributed to the belief of these faculty members that their departameramong the
best and as such there is no need for ABET accreditation. Although%$b of faculty
members of ABET accredited programs, before obtaining ABET, stevagly in favour
of applying for ABET accreditation, 70% of them became strosgpportive for ABET
after obtaining it. This may be attributed to the increase in self-coefideinthe faculty
members after obtaining ABET and to the benefits they experiencedgdtime
preparation process as well as their belief that obtaining ABET can help their
departments achieve their strategic plans (about 70%).

Students Survey

The students survey was distributed to students of ABET andAB&T- accredited
programs, where 80 students of ABET accredited programs&asii@ents of ABET non
accredited programs participated in this study. The results of the saneesyimmarized
in Table 2. As Table 2 shows, all participants of ABET accredited programsergre v
proud/proud that their departments have been ABET accredited, thinlokiteihing
ABET is a right for them, and if they were given the choice, twveyld choose a
department that has been ABET accredited. However, only 50% of tesats think
that ABET accreditation has improved the quality of teaching in their degatsm On
the other hand, 60% of the participants of non-ABET accredited progranks thiat
obtaining ABET is very important/important to them, and 84% of theimk tthat
obtaining ABET is a right for them.
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Table 1: Results of faculty member’s survey.

Question 5 4 3 2 1

A N/A A N/A A N/A A N/A A N/A

1 How important is obtaining ABET 540 250 154 167 7.8 500 7.8 8.3 154 0
accreditation to you?

2 How important is obtaining ABET46.1 83 231 500 78 167 154 83 78 0
accreditation to your graduates?

3 | am proud that my program has 23.1 - 308 - 154 - 7.8 - 231 -
been ABET accredited.

4 How important is obtaining ABET 385 250 231 500 154 83 154 83 7.8 0
accreditation to your current

students

5  ABET accreditation has enhance(23.1 - 7.8 - 231 - 7.8 - 385 -
my teaching

6  ABET accreditation has improved 30.8 - 154 - 1.4 - 231 - 154 -

the quality of the teaching proces
in my department

7 | strongly support obtaining ABET154.0 16.7 154 333 78 333 78 83 154 83
accreditation

8  Before obtaining ABET 23.1 - 308 - 154 - 7.8 - 231 -
accreditation, | was strongly in
favour of applying for ABET
accreditation

9  ABET requirements helped our 54.0 - 154 - 7.8 - 7.8 - 154 -
department achieve its strategic
plans

10  Our department and program are 154  16.7 154 250 154 83 78 333 461 87
among the best and as such ther
is no need for ABET accreditatior

(Scale 1-5: 5 indicates strongly agree and 1 indicatesgy disagree; A: indicates ABET accredited, N/A intBsaABET not accredited)

Table 2: Results oftudents’ survey.

Question 1 2 3 4 5

A N/A A N/A A N/A A N/A A N/A

1 | am proud that my department is
ABET accredited.

2 How importantis it to you as a
student that your departmentbe  50.0 240 250 360 250 240 0 160 O 0
ABET accredited?

3 Itis my right as a student, that my
department obtain ABET 75.0 680 250 160 O 160 O 0 0 0
accreditation

4 If given the choice, | would choose ¢

75.0 - 25.0 - 0 - 0 - - 0

department that has been ABET 750 68.0 250 240 O 8.0 0 0 0
accredited

5 ABET accreditation has improved
the quality of the teaching process i125.0 - 250 - 50.0 - 0 - 0 -

my department

(Scale 1-5: 5 indicates strongly agree and 1 indicatesgdy disagree; A: indicates ABET accredited, N/A intBsaABET not accredited)
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Alumni Survey

The alumni survey was distributed to graduates of ABET accreditedapnegwhere 28
alumni participated in this study. The results of the survey are atimed in Table 3. Of
the 28 participants, 75 % were proud that they have graduated frdgi ABcredited
program, and 50 % believe that obtaining ABET is a right for the steideiowever,
only 46% think that obtaining ABET is very important/importantiierh, and less than
30% think that Graduating from an ABET accredited program may heldugtes obtain
a job and less than 40% would preferably choose engineers for a rpasittbeir
institution who have graduated from ABET accredited programssd hesults, although
are surprising, can be justified. All participants have graduated b#feite programs
were accredited, thus they did not have the chance to experience the tiebefiig
graduated from ABET accredited programs.

Table 3: Results of Alumni Survey.

(on scale 1-5; where 5 indicates strongly agree andidaites strongly disagree)

Question 5 4 3 2 1

1 1am proud that | graduated from a department that is 50.0 25.0 14.3 7.1 3.6
ABET accredited.

2 How important is it to you as a graduate that your 25.0 214 250 143 14.3
department be ABET accredited?

3 Itis my right as a student, that my department obtain 25.0 250 179 250 7.1
ABET accreditation

4  Graduating from an ABET accredited program may he  14.3 143 357 214 14.3
me obtain a job.

5 As a decision maker, | would preferably choose 214 179 464 107 3.6
engineers for a position in my institution who have
graduated from ABET accredited programs

SUMMARY AND CONCLUSIONS

The three Engineering program stakeholders share many inaightgpinions regarding
ABET accreditation. Faculty members, students, and alumni agréee amportance of
having accreditation and most of them agree that ABET accreditation ghtafor
students. Stakeholders of ABET accredited programs emphasized tldeirirprtheir
programs for obtaining ABET.
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ABSTRACT: Institutions of higher education are becoming éasingly involved in conducting
assessment of their academic programs and adraiistisupport systems. Department of Mechanical
Engineering (DOME) of University of Bahrain (UOB) havorked strongly during the last six years
towards acquiring ABET accreditation for its B.§wogram. To satisfy ABET nine criteria, many
hurdles were being faced: the most difficult onesrevthe establishment of Program Educational
Objectives (PEO’s) and Program Outcomes (PO’s). This has gone through a number of trials and
modifications by the Departmental Accreditation Qoittee (DAC) that was formed to prepare for
accreditation. Though, the ABET definitions of objectives as “broad statements that describe the career
and professional accomplishment‘;-and outcomes as “narrower statements that describe what students

are expected to know and be able to-dp seem to be simple and straight forward, nevestiselthe
DAC in consultation with the Program Industrial Astwy Committee (PIAC) kept revising and
rephrasing the objectives and outcomes each timks@overed a need for more elaboration and/or
confusion of the two criteria. Professional exgertirom industry and the program alumni were thenma
tools for the assessment of PEO’s and PO’s, while faculty and senior exit students assessed only the
PO’s. Assessment of PEO’s and PO’s showed the strengths and weaknesses of the educational process.
Subsequently, continuous improvement strategies wefrto elaborate on the strengths and to overcome
the weaknesses. The implementation of these gteatevas made by revising the curriculum, teaching
methods, lab facilities ... etc. The self-study of the program showed a good improveroéstudents and
graduate performance. As a results of this prodbssprogram has been successfully accredited by
ABET in September 2009.

KEYWORDS: Accreditation; Mechanical Engineering Program; gfam Educational Objectives;
Program Educational Outcomes; Continuous Improvémen

INTRODUCTION

Evolutionary changes in the way graduates work, are causing educatistitaitions
across the world to rethink about their curricula and educational procedures and
processes. The collective goal is to have flexible programs that seek oastinu
improvement for quality. Therefore evaluating and updating of pnagi@e critical for
their survival and growth. Clear understanding of programassgand objectives, coupled
with assessment procedures to indicate whether established targets are beingkenet, are
elements of such improvement. Evaluation of programs is peeféorbe carried out and
approved through accrediting agencies to show that the improvememtthe iright
direction. The Accreditation Board for Engineering and TechnologgE®, is the
recognized accreditation body for programs in applied science, computitig an
technology [1]. It is the responsibility of the institution seeking adéoh of a
program to demonstrate clearly that the program meets the follovifiegecr
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1) Students

2) Program educational objectives (PEQOs)

3) Program outcomes (POSs)

4) Continuous improvements

5) Professional component

6) Faculty

7) Facilities

8) Institutional support and financial resources
9) Program criteria

Department of Mechanical Engineering (DOME) of University of Bahrain (WJOB
prepared a self-study report of the Mechanical Engineering Prodf&R)([2], which

was submitted to ABET early 2008. In October 2008, ABET evaluaisitted DOME

and evaluated the MEP documentation and facilities. Three weaknesses have bee
reported by the evaluators in the following criteria:

1) Program Educational Objectives
2) Program Outcomes
3) Curriculum "Major Design Experience"

These weaknesses have been corrected during the first semest8/60408].

In this paper, the development process of the criteria of PEO’s and PO’s is presented, and
the difficulties encountered during this process, in addition to thét relscontinuous
improvement conducted for MEP, are discussed.

PROGRAM EDUCATIONAL OBJECTIVES

The DOME has established program educational objectives (PEO's)rthad huild in
the graduate when graduating: a solid foundation of technical knowledyegufin
preparation to join professional careers. The graduates are expected to atbreicty
problems and be creative by applying tools and skills learned dstiy. They are
expected to be part of teamwork and take the lead in their major. The PE@dirzed d
by ABET as “Program educational objectives are broad statements that describe the
career and professional accomplishments that the program is prepeadugptgs to
achieve” [1]. The objectives of Bachelor of Science in Mechanical Engineering (BSME)
are developed by the DOME and in cooperation with the Program Indudtrigofy
Committee (PIAC) and the Program Advisory Student Council (PASKR.PEQ's are
developed to be consistent with the University mission “The Mission of the University of
Bahrain is excellence in the generation, dissemination, and applicationowfiddge
through quality teaching, research and community service targeted to ts@pyplbr
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enhance the developmental process in Bahrain” [4, 5] and in accordance with the ABET
accreditation criteria. The PEOs of MEP are designed to prepare graduates to have:

1) foundation in mathematics, science and engineering,

2) technical background of Mechanical Engineering needed for practice and
graduate studies,

3) tools to work in professional environment, teamwork, to engagefaroing
learning, and to communicate effectively,

4) broad education that include humanities and social sciences,

5) the ability to use software packages and access to current instrumentation, a

6) knowledge of professional and ethical responsibilities to apply to Mechanical
Engineering, and awareness of environmental and economical @@tiids.

These objectives are consistent with University mission [2]. These PE@sassgssed
by employers and alumni to show whether they are important ana@amélewvnot [2]. The

analysis of the assessment result of PEO's showed that PEO nuisbesglimportant
and the other objectives need rephrasing. Therefore, the department haseehe

Program Educational Objectives. A joint meeting of DAC, PIAC, and@®®as held in

February, 2007 to discuss the proposed modified objectives. The dirsgbv of PEO's
was then discussed and approved by the DOME Council in March, Z8@%e PEO's
are as follows:

The graduate of the Mechanical Engineering Program at UOB will have:

1) A strong foundation in the fundamentals of mechanical enginearahgding
technical and economical ability to analyze, solve and realize engineerigg desi
and operational methods.

2) The ability to engage in updated mechanical engineering practice and research
needed for professional practice and/or graduate studies.

3) A wide range of generic skills, including effective communication angegtro
management skills, participation in team-working and multi-discipliteans,
and the ability to engage in life-long learning.

4) Awareness of the professional ethical attitudes and responsibilities towards
society and environment when practicing the profession.

Again, these PEOs are consistent with the University mission [2].

PROGRM OUTCOMES

The POs were established step by step while establishing the PEOs as detailedrin Sectio
2. The first version of POs was established according to the defirifioABET
“Program outcomes are narrower statements that describe what students are expected to
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know and be able to do by the time of graduation. These relate to thelsidNgledge,
and behaviors that students acquire in their matriculation through the program”, ABET
criterion 3 (a-k) [1] and to satisfy the PEOs. These POs are as followkeastiident of
MEP at UOB will have:

1) An ability to identify and formulate engineering problems and appbyedge
of mathematics, science and/or engineering to solve these problems

2) An ability to design and conduct experiments, as well as to analyze aniénter
data

3) An ability to design a system, component, and/or process to meet de=g=i n
taking into consideration the realistic constraints such as; safety, egonom
impact on the environment, engineering ethics, ... etc.

4) An ability to function professionally and with ethical responsibility as an
individual and/or on multidisciplinary teams; and to possess, an ability to
communicate effectively

5) A knowledge of contemporary issues and broad education necesssary
understand the impact of engineering solutions in a global and sociat@ktco

6) A recognition of the need for and an ability to engage in life-longiegr

7) An ability to use the techniques, skills, and modern engineering toolsdjiimglu
computational tools) necessary for engineering practice

8) An ability to work professionally in thermal, manufacture, and/echanical
systems, including the design and realization of such systems

POs were assessed by senior exit students, faculty through coursenasgealumni and
employers.

ACHIEVEMENTS, ASSESSMENT AND CONTINUOUS IMPROVEMENT OF
PEOs AND POs

Achievement of PEOs and POs

The achievement of PEOs is measured by employers and alumni $singeg designed
according to the PEOs statements [2,8]. Important indicator of achid@rgBOs is the
assessment of POs by alumni, senior exit students and faculty €hscar® mapped to

the PEOs as shown in Table 1. To achieve the PEOs, the POs have to be attained by
student throughout his study in the program. Therefore,dorerthe achievement of all

POs they have been related to the program curriculum [2]. Evidefcashievement

were taken from 2 to 4 courses per PO selected according to POs/Cuorrivaloping

[3]. All these mappings have been approved by the DOME Council [2].
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Tablel: Relationship of Program Educational Objectives (PEO's) and Program Outcomes

(PO's).
PEO-1 PEO-2 PEO-3 PEO-4
PO1 N N
PO2 N
PO3 N
PO4 v v
PO5 v \ v
PO6 v v \ v
PO7 v v \ v
PO8 v \ v

Ongoing Evaluation of PEOs and POs

Continuous improvement involves modifications of courses objectivescantents to
help achieving the POs, and hence periodical assessment of the PEOSs ésl rdqué
continuous improvement could be achieved by improving the POs baseany
shortcoming observed in the program objectives evaluation. Then thgrapro
performance and curriculum have to be modified based on théniemed program
outcomes. The POs are evaluated every year by alumni and every 2 to dyears
employers and PIAC. Furthermore, the POs are evaluated by student@mcaty
members every year. The results of POs evaluation together heithesult of PEOs
assessment will be discussed every year by the DOME Council in ordepise any
modification action if needed.

Assessment of PEOs

PEOs are assessed by three constituencies: PIAC, employers, and alwmsurveys,

one for PIAC and employers and the other for alumni, have been desiynaagoing
evaluation process of the extent to which these PEOs are attained [2,3]th&risghe

first time to evaluate the MEP based on the ABET criteria, the DAC committee in
cooperation with the DOME Council and constituents decided a 70% tcebmeitric

goal for all the program educational objectives and outcomes. The results uatieval

are detailed in Table 2 for PIAC, employers and alumni.

Table 2: Average of assessment result of PEO's for the academic years 2006/07 and

2007/08.
Assessment Method (out of 5) .
PEOs PIAC Employers  Alumni Metric Goal
1 3.69 4 4
2 3.57 4 4 35
3 3.25 4.04 3.65 )
4 2.82 3.86 3.65
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Assessment of POs

The assessment of the POs is conducted at two different levels, namely, atrdee co
objectives level and at the program outcomes level. The courses are assEssed
semester by the student using the Course Assessment Formd@dkievonline on the
University Accreditation Website (http://aao.uob.edu.bhhttp://aao.uob.eduarid)py
the instructor of the course. These course assessment instrumentsigéltiya degree to
which prescribed course objectives are being achieved.

The course is assessed by the faculty at the end of each senresigh thid-term test,
assignments, project, and final exam. Each item of these is evaluateiduatijvand

entered to the course objective/program outcomes mapping table in the Famulse

Assessment Report [2]. The average of this map is introduced to the curfauticomes
map to evaluate the whole program outcomes [2]. The averages of ttmmes
determined from the curriculum assessment are summarized in Figure 1.

Program outcomes are also assessed by senior exit survey, alumni émgeesr(j ables

3 to 5). The senior exit survey contains 5 categories of question®we gh Table 3.

Semester + 2007/08 shows relative improvement over the previous semestets the

implementation of some of the proposed actions such as: modifgragtlising process,
adding lab equipment and improving lab sheets and reports, offerimgprojects for

300 and 400 courses, and modifying the senior project to be siesign project.

The achieved improvement by senior exit survey shown in Taideesplained by the
implementation of some of the proposed actions [2]. However, ofi@aitcomes will be
considered for continuous improvement.

Furthermore, Table 4 shows the evaluation results of POs by atundrémployers. The
results suggest the need for continuous improvement of POs.

Table 3: Summary of Senior Exit Survey.

Survey Category

Semester No. of _ Curriculum - .
Responses Metric and Facilities and  Professional Program

Goal Advising Instruction Laboratories  preparation Rating
Il - 2004/05 6 35 3.50 3.24 3.31 3.64 3.1
| - 2005/06 8 35 3.36 3.25 2.92 3.46 3.32
Il - 2005/06 11 35 3.3 3.38 3.02 3.30 331
| - 2006/07 10 35 3.01 3.03 3.18 3.22 3.37
Il - 2006/07 6 35 3.2 3.35 3.35 4.17 3.85

| - 2007/08 8 3.5 4.06 3.75 3.58 3.8 3.87
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Figure 1: Comparison between the curriculum-PO's mapping results for seniesters
2005/06 to Il - 200708.

HANDLING OF ABET REVISION AND COMMENTS

The MEP has been evaluated by ABET evaluators who visited the DOME in O2&ber
28, 2008. Three weaknesses have been reported in the receivestadeafient from the
chair of Engineering Accreditation Commission (dated February 12,)_2i00%he
following criteria:

1) Program Educational Objectives
2) Program outcoms
3) Curriculum "Major Design Experience"

The weaknesses documented in the received draft statement from theothair
Engineering Accreditation Commission (dated February 12, 2009) arkoagsfo

Table 4: Results from Senior Exit, Alumni and Employer Surveys

Sem. I-06/07 Sem. 11-06/07 Sem. |-07/08 Year 2006
POs Senior Exit Survey Alumni Employers
(out of 5) (out of 5)  (out of 10)
PO1 3.60 4.00 3.75 4.07 7.71
PO2 3.75 3.50 4.00 3.50 7.43
PO3 3.25* 3.92 3.94 3.33* 7.14
PO4 3.35*% 3.96 3.79 3.35* 8.00
PO5 2.90* 3.83 4.00 3.58 7.29
PO-6 Not Applicable 3.20 8.14
PO7 3.15* 3.35* 3.88 3.87 8.43
PO8 3.27* 3.95 3.84 3.58 7.86

*Value below the metric goals of 70%
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These weaknesses have been corrected during the first semester of .ZDI0&/8@&tions
taken to correct them are detailed and discussed in this section.

Criterion 2 - Program Educational Obijectives: defines educational objectives as "broad
statements that describe the career and professional accomplishments thatrém isrog
preparing the graduate to achieve." ABET comment is: While the program has
established and published program educational objectives, they appeartabebeist
focused on student technical skills and knowledge at the time of graduatieer than
career and professional accomplishments aligned with the needs ofumtséis. The
wording of the objectives appears to lack the strength of complisitikehe definition

of program educational objectives to ensure that the quality of thgrgomn will be
sustained based on the constituents' expected accomplishments of gradeatdeir
careers. Criterion 2 also requires "a process of ongoing evaluatibha ektent to which
these objectives are attained, the result of which shall be used to develop anet ithp
program outcomes so that graduates are better prepared to attain the obj&¢hiesa"
process for evaluation of the objectives has been developed and isigeihghe process

is largely based upon the attainment of program outcomes at the timedaftion and

not on the attainment of career and professional accomplishments followdhgagon.

In response to the comments of ABET evaluators on PEOs criterion, the O@ME
rephrased new PEOs to reflect the definition of ABET. The modified PE@s lheen
discussed and approved by the DOME Council after being prepared byA@eFDAC,

and PSAC. The PEQO's are as follows:

The graduates of the Mechanical Engineering Program will:

a. engage in productive careers in a broad range of the mechanical engineering
profession in both the public and private sectors including, but not limited
to; oil, gas and petrochemical industries, power plants, water desalination
plants, aluminum production and processing industries, and building
services.

b. engage in ongoing professional development activities by pursuing graduate
studies and /or other learning opportunities;

c. advance in responsibility and leadership in their careers.

PEOs surveys were designed and sent to a randomly selected nuntberpobgram
alumni and employers to evaluate to what extent the PEOs have been achlered. T
results of the surveys show satisfaction of these constituents [3]

Criterion 3 - Program Outcomes: ABET comment is: Criterion 3 requisgsptiograms
must demonstrate that their students attain outcomes "a" throughwllass program -
specific outcomes, and that there must be an assessment and evaluatéss phat
periodically documents and demonstrates the degree to which the pragcnmes are
attained. The ABET program outcomes a" through "k" are combined trajera new
set of outcomes. Although the program has assessed the degrédchotivese new
outcomes are attained, it has not demonstrated the degree to which a" thkbagh "
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attained as required by the criterion. While integrating program outcomesaihh'k"

in itself is acceptable, the assessment process must be capable of dmtigguis
attainment of outcomes a" through "k". In addition an examination afeaiescriptions

and display materials revealed inconsistencies to the degree that outconees wer
addressed.

Based on the recommendation of the ABET evaluators, the DOME has adeptdd n
(arm) outcomes for the MEP which are mainly (a-k) ABET Criterioar@l (I-m) for
mechanical engineering program requirements by professional sociegéss. dlitcomes
have been discussed and approved by the Department Council aftepiiegiaged by the
DAC, PIAC, and PSAC. The outcomes are:

The students of Mechanical Engineering Program at UOB will have:

a) an ability to apply knowledge of mathematics, science, and engineering.

b) an ability to design and conduct experiments, as well as to analyze and
interpret data.

c) an ability to design a system, component, or process to meet desired needs
within realistic constraints such as economic, environmental, social,
political, ethical, health and safety, manufacturability, and sustainability.

d) an ability to function on multi-disciplinary teams.

e) an ability to identify, formulate, and solve engineering problems.

f)  an understanding of professional and ethical responsibility.

g) an ability to communicate effectively.

h) the broad education necessary to understand the impact of engineering
solutions in a global, economic, environmental, and societal context.

i) a recognition of the need for, and an ability to engage in, life-long
learning.

i)  aknowledge of contemporary issues.

k) an ability to use the techniques, skills, and modern engineering tools
necessary for engineering practice.

I)  an ability to work professionally in thermal and mechanical systems and/or
manufacturing processes.

m) an ability to realize the design of a mechanical system, component, or
process.

These POs have been mapped to the program educational objectives as statia 5n T
POs have been related to the program curriculum as discussed in Sedwideéhces of
achievement were taken from 2 to 4 courses per PO selected accordi@sto
curriculum mapping.
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As requested by ABET evaluators, direct assessment of POs has been carrigthgut d
the first semester of 2008/09 using various assessment tqmiegshm courses [4]. Part
of this table is shown in Table 6.

Table 5: Relationship between the PEOs and POs.

POs
PEOs 3B ¢ d e f g h i | k 1 m
PEO-1 N N v v N VA4 AN AN VA
PEO-2 VoA W
PEO-3 \ VoA A

Criterion 5 - Curriculum: ABET comment is: Criterion 3 states that "Stgdemnist be
prepared for engineering practice through a curriculum culminatirey imajor design
experience based on the knowledge and skills acquired in earlier courkseamebr
incorporating appropriate engineering standards and multiple realistic constraints
Examination of some display materials as senior design project repomged that
appropriate engineering standards and multiple realistic constraints wereifooniyn
included as part of the design component of the curriculum, resultingsirthas full
compliance with the criterion.

Table 6: Achievement of some ME Program Outcomes Semesters Il 07/08 an®. 08/0

Percentage Average of Do POs Met

g&?g(;ﬁ:zs Course No. Si\lljcae?:(ts of passed students metric goal a;rsyepsesr?{ent
students % marks % (70%)7?

a MEG 370 12 83.3 74.6 Yes Quiz
MEG 384 7 71.4 70.6 Yes Test
MEG 262 10 80 82.5 Yes Quiz
Average 29 79.29 76.36 Yes

b MEG 333 4 100 78.7 Yes 4 Experiments
MEG 311 5 100 88.1 Yes 2 Experiments
MEG 384 6 100 86.7 Yes 1 Experiment
MEG 431 2 100 80 Yes 1 Experiment
Average 17 100 84.44 Yes

c MEG 464 9 88.9 79.22 Yes Project
MEG 364 8 75 71 Yes Project
MEG 493 10 100 74.14 yes Project
Average 27 88.89 75.14 Yes

The approved metric goal by ME council, PIAC, and PASC is 70%

In response to the comments of ABET evaluators on curriculiterion, the DOME has
already decided in September 2008 to change the title of Senior Projaeet3enior
Design Project to reflect the design experience knowledge and skills that acquired in
earlier course work through inclusion of appropriate engineering stindad multiple
realistic constraints [2].
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CONCLUSIONS

During the last period of 2004 to 2009, the Department of Mechanicah&argig of the
University of Bahrain has worked hard to improve its educatiomalgss and facilities to
satisfy the requirement of ABET criteria for the sake of accreditation. Mardles were
being faced: the most difficult ones were the establishment of Progdurational
Objectives (PEO’s) and Program Outcomes (PO’s). This has gone through a number of

trials and modifications by the Departmental Accreditation Committee (DAC) that was
formed to prepare for accreditation.

Professional expertise from industry and the program alumni wenmmam tools for the
assessment of PEO’s and PO’s, while faculty and senior exit students assessed only the
PO’s. Assessment of PEO’s and PO’s showed the strengths and weaknesses of the
educational process. Subsequently, continuous improvement strategiesseteto
elaborate on the strengths and to overcome the weaknesses. The implemehthese
strategies ws made by revising the curriculum, teaching methods, lab facilities ... etc.
As a results of this process, the program has been successfulgdited by ABET in
September 2009.
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ON THE USE OF QUALITY TOOLS FOR IMPROVEMENT OF
THE LEARNING PROCESS IN ENGINEERING EDUCATION
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ABSTRACT: The paper is dedicated to make a review of basicepts on process improvement
and to show the possibility of applying these cqrisewithin the sphere of engineering education.
A special focus will be made on the use of the dagiality tools by educators to improve the
quality of the learning process in engineering sesrat higher education institutions. A case study
of an introductory engineering course delivereditst year engineering students at the University
of Hail will be presented and discussed using thests and techniques. The use of these tools by
faculty members revealed great areas of improvermenhe management of the course and the
delivery of its contents.

KEYWORDS: Engineering Education; Continuous Process Impr@arémQuality Tools; TQM in
Education.

INTRODUCTION

In the era of competitive markets and globalization, the quality conceptieages as a
strategic issue at all levels and in all industries including the educatioressisiQuality
in engineering education is a subject of actual concern for educadoisational leaders
and to industrial business sectors. International quality standards egltbiexe models
such the 1ISO 9000 standards and the EFQM model require organizationyg' sysiéitns
to be built on processes, rather than requirements, departments ciorfsin
Consequently, process management has become more relevarproped process
identification and management are becoming critical challenges for quality jwofdss
educators and higher education leaders. Many organizations use total quality
management (TQM) tools to identify, analyze and assess qualitative amiitafive data
that are relevant to their processes. One of the simplest and most effemiSvestd by
engineers in manufacturing processes for problem solving @alitygimprovement, are
the basic quality tools known as the magnificent seven. The Japanese qualitgapru
Ishikawa [1] who is the inventor of the seven basic quality tools sthmd95% of
quality related problems in any organization can be resolved using thdsg Tibis
important statement has been proven in the field by different organizatind
researchers including in higher education institutions [2-7]. It ishmoréntioning that
these simple tools which are listed under the Body of Knowledge (BaKgiAmerican
Society of Quality Certification program, are usually taught to engimgemd technical
students.

In pursuit of quality, educators are continuously engaged in aegsoof finding
opportunities for improvement of the learning process, the gudliearning experiences
and the way education is delivered. In the present paper we will go bemkdw basic
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concepts on process improvement and quality management and taexaenpossibility
of applying these concepts within the sphere of engineering éstucAt special focus
will be made on the use of the basic quality tools by educators to sobiems and to
improve the quality of the learning process in engineeringsesuat higher education
institutions. A case study of an introductory engineering couetigeded to first year
engineering students at the University of Hail will be presented and disicuss

BASIC CONCEPTS OF CONTINUOUS PROCESS IMPROVEMENT
Why do we need to improve processes and quality?

Edwards Deming [8], in his book "out of the crisis" puldidhin mid-eighties, answered
this fundamental question with his famous Deming Chain Quality Reaskiown in
Figure 1. The benefits from quality and process improvements yooeganization
including the higher educational institutions are:

o Improve Quality (Faculty, Students, courses).

e Costs decrease (Fewer mistakes, better use of faculty time and knowledge
sources)

e Productivity Improves (Students projects, Advanced level in teaching

e Capture the market (Meet most of stakeholders expectations (government,
society, industries, students)

e Stay in Business (Get international accreditation)

e Provide jobs and more jobs (Reputation, higher retention rate forfaaihy
and students).

Decrease Improves Market Business "
more jobs
Faculty Less mistakes Students Meet most of  Globalization Reputation of
Projects stakeholders and academic
Students Better use of requirements  international institution and
faculty time Advanced and recognition its outcomes
Courses and knowledge level in expectations (accreditation)  (graduates,
sources teaching (Government, faculty etc..)
courses society,
industries,
students)

Figure 1: Deming chain quality reaction as for educational institutions.



QUALITY ASSURANCE IN ENGINEERING EDUCATION 49

How to ensure Continuous process improvement? The RIA Cycle

The most common process of continuous improvement is the POk, which was
first developed by Walter Shewhart in the 1920s, and promoted effecfresly the

1950s by quality guru Dr. Edwards Deming, as a strategy to achieaktirough
improvements in processes. The four steps in the cycle whialsésknown as the
Deming Wheel, are as shown on figure 2: PLAN what is to be done anid sloould be
done; next, carry out the plan (DO it). Third, CHECK and analyze the redifised

and finally, ACT on the results by identifying what worked as plarametlwhat did not,
make a prioritization of the improvement opportunities and then carmrythe

improvements in the system.

Who

ACT

What
Impro Ve & Analyse reason for
nat obtaining results | & What to do
e hlake changesto | e How to accomplizh it

better achieve result PLAN
& Standardise if -
desired results were
achieved
L How
Prioritise} s see ifthe desired » Camyoutthe
results were obtained pin.
CHECK
Do

Analyse } —

Figure 2: The Deming wheel (PDCA Cycle) of continuous process improvemegnt [9

Seven phases have been identified by quality scholars to implemerD@# &cle in
the improvement process of an organization [1,10]:

Phase 1 - Identify the Opportunity for improvement
Phase 2 - Analyze the Current Process

Phase 3 - Develop Optimal Solutions

Phase 4 - Implement Changes

Phase 5 - Study the Results

Phase 6 - Standardize the Solution

Phase 7 - Plan for the Future
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The Seven Basic Quality Tools

Once the quality improvement process is understood, the additignaéity tools can
make the process proceed in a systematic manner. Many quality toalgadedle for
quality professionals for this purpose. Organizations use total quality masaigtrols
to identify, analyze and assess qualitative and quantitative data that are relevant to their
processes. These tools can be generally classified into three major categorédg, (@8
the basic seven quality tools, (b) the seven new tools for managanteptanning and
(c) other tools. The seven basic quality tools are simple tools that caredbdysny
professional to ease the quality improvement process; These amehdids, check
sheets, Pareto diagram, cause and effect diagram, histogram, dieaftem, and control
charts. These tools were originally developed by Kaoru Ishikawa, dine pioneers of
the Japanese quality movement. Ishikawa's original list did not includehiots;
instead, it had graphs as one of the tools. These seven basic tooleéavensidered a
part of Statistical Process Control (SPC), a quality management techtliqtieses a set
of tools to analyze, control, manage, and improve process qualityoBall seven tools
are quantitative, let alone statistical. The flowchart is simply a visual descriptian of
process while the cause-and-effect diagram is a brainstorming-basadnpisolving
procedure. Check sheets and Pareto diagrams are simply coms®nsols.
Histograms, scatter diagrams, and control charts are the only statisticahttiodslist.
Kume in his book “Statistical Methods for Quality Improvement” [11] stressed that these
simple tools should be taught to all members of Japanese corporationtedaership to
bottom line workers for the sake of quality improvement. Tableolvs the seven tools
and their applications within the PDCA cycle for process improvement.

Table 1: The 7 basic quality tools and their use in the PDCA improvement cycle.

Methodology

—>

Tools ﬂ

Identify
Opportunity
Analyze Process
Develop
Solutions
Implement
Solutions
Evaluate Results
Standardize
Solutions

Plan for the
Future

2
2

Flow Charts N
Check Sheets
Pareto Chart

Histogram

Cause and Effect Diagram
Scatter Diagram

Control Chart

2 <2
< 2 2 2 2 2

<. 22 2 2 2
<

< 2 2
2

Quality pioneer Ishikawa stated that 95% of quality-related problemsyinrganization
can be solved with these basic tools. This statement has been proveranyy
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organizations and researchers as it will be shown later. The key to theirssutces
problem-solving and process improvement initiatives are their siyplecase of use and
their graphical nature. The tools were originally meant to make processiarials
complicated for the average factory worker in Japan, but now dbestitute standard
analytical tools to analyze quality problems and develop and identify wptisolutions
and standardize them. They can easily be taught to any member afgémézation.
These tools have been widely used in manufacturing and serviceacargbprocess-
improvement initiatives such as Total Quality Management (TQM) and Six Sigma.

These tools have been extensively described in textbooks [11-16] andeavendy by
Aichouni [2-3]. A brief description of these tools is shown ie following section
(Figure 3):

1. Flowchart: is a graphical display of the process steps in proper sequence. It
shows all process steps under analysis by the quality improvementdeatify
critical process points for control, suggest areas for further impmvierand
help explain what is really done?

2. Check sheet A structured, prepared form for collecting and analyzing data; a
generic tool that can be used to identify how often a problem occurs.

3. Pareto chart: Shows on a bar graph which factors are more significant. What
are the major problems in the process?

4. Histogram: The most commonly used graph for showing frequency
distributions, or how often each different value in a set of data odtlnat the
variations look like?

5. Cause-and-effect diagram (also called Ishikawa or fishbone chart)
Identifies many possible causes for an effect or problem and seds idto
useful categories.

6. Scatter diagram Graphs pairs of numerical data, one variable on each axis, to
look for a relationship between process variables and factors.

7. Control charts: Graphs used to study how the process changes over time. It
helps to identify the variations to be controlled and how this can be achieved

RECENT APPLICATIONS OF THE BASIC QUALITY TOOLS IN
MANUFACTURING, SERVICES AND EDUCATIONAL ORGANIZATIONS

As it was mentioned earlier, according to Ishikawa 95% of quality relatdadepns in
any organization can be resolved using the seven basic quality tools; Tugaim
statement can be proven from the amount and quality of research papeagtices
published by quality practitioners and researchers in many different arelading
manufacturing, construction and services [5,7,17]. It is importanbte that these tools
are listed under the Body of Knowledge (BoK) in the ASQ Certificationr@mg. Many
conferences organized by professional societies around the world hawvedveted to
these tools; For example:



QUALITY ASSURANCE IN ENGINEERING EDUCATION 52

e ASQ Southwest Conference, Seven Basic Quality Tools, October 14, 2006,
Main theme Back to basiesThe 7 Basic Quality Tools : A full description of
this event can be obtained from the Standards Newsletter of the meaduremen

quality division of the ASQ at the web link (www.asq.org/measure/pa62.2-
the-standard-short.pdf

e 2005 ASQ/lowa Quality Centre Spring Conference, April 14, 2005: The
conference was organized under the major theme :"Back to Basics", whetre mo
of keynote speakers addressed the use of the basic quality toolsevRDCA

cycle to achieve process improvement in services such healthcaratiedand
warranty administrations.

/NN '|l ﬂ'\\f‘. fn ".vf"uu
;'!Uu'
(11 Aow Chart (7 Contral Chart
[ 1 ) _
'",q (ERITI 1 Thasic Quality Tools for Problem
B BRI Solving and Process Improvement
el T
D B REAN
[21 Check Sheet
100%
200 ar.a
A
# 200

auir

100

A Units
ABCTDET e— [51 Histogram
[31 Pareto Diagram L %

[4] Cause-and-Effect, or Fishbone,
Diagram

Figure 3: The Graphical Nature of the Seven Basic Quality T.ools
Table 2 summarizes a sample of research articles which show the effestvof the

basic quality tools in problem solving and continuous process immevein different
organizations. These studies conducted by quality practitioners show thah wit
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nowadays competitive environment, manufacturing and service organizatamms
continuously improve their processes to meet ISO 9000 requiremetitaceve

breakthrough improvements and business excellence using the cuadity tools

together with the deployment of quality awards standards. The benaifitedgby

organizations fit well with the Deming chain reaction, which are quality ivgnent,

costs decrease, productivity improvement, defect rate reduction, eussatisfaction
and increased profits. It has to be stressed here that higher eduostitutions and

faculty members can indeed get a lot of benefit out of this basic, simgleost effective
tools in order to improve the educational process. Recent studies prdsetyn [9],

Blonton [18] and Marks and O Connell [19] show the effectivengfssuch tools in
improving the educational process in higher education institutions. Thefiessshow
clearly that there is no shortage of improvements for educationatiitsii to work on.

However, choosing what to work on and what to improve is the question.

Table 2: Applications of the basic quality tools in organizations

Author Publication Year Applications Area
Blonton, P [18] 2002 Education

Marks and O Connell [19] 2003 Higher Education

Carla A. C. [20] 1992 Human Resources
Gunther and Hawkins [7] 1999 Service Organizations
Dias and Saraiva [6] 2004 Manufacturing and services
Sahni, A. [17] 1998 Medical Devices Industry
Herrman [21] 2002 Feed Manufacturing
ReVelle and Margetts [22] 2010 Construction Industry
Mukhopadhyay and Nataraja [5 2004 Mechanical Manufacturing
Calabrese et al. [23] 2007 Pharmaceutical Industry
Tennant et al. [24] 2007 Healthcare

USE OF QUALITY TOOLS FOR ENGINEERING COURSE IMPROVEMENT

In this section, the continuous process improvement approsioly the seven basic
quality tools will be adopted for improvement of an engineering eodedivered at the
University of Hail as a case study. An introductory engineering colseeed to first
year engineering students at the University of Hail with total numb&36 students
enrolled during the first semester 2009/2010. The students were subdintded0
sections, each section containing around 25 students. The PREBQfsE titled
“Introduction to Engineering” has as an objective to introduce preparatory year students

to the basic concepts of engineering, the engineering professiomlimgcthe disciplines
of mechanical, electrical, chemical, civil, and computer engineering. The coapsrgy
students for success in their engineering education and thé&sgional careers through
the integration of engineering skills such as technical problem solvimgnesming
design, ethical decision-making, teamwork, oral and written communications, and
engineering graphics. This course is a common course for stuaemblled in
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mechanical, civil, chemical, electrical, industrial engineering and management
information systems, and computer engineering departments.

In order to study the educational process at the university and idenetifgajor problems
and the areas of improvement, the final results of the 536 studantfied in the

PREPO004 course were obtained from the registration database and analyzsel.
included the grades of the PREP004, English course, MathematicgsPdnyd the GPA

in High School for each student. A preliminary statistical analysiseoétildent's grades
revealed the following results:

¢ A high drop rate of 34.3 percent (with grades DN, WF, WP, W)
o A failure rate of 9.2 percent (F)
e A success rate of 56.5 percent.

The histogram for the students population presented in figure wsshat a high drop
rate is present in the course which is considered as a real quality problem in th
educational process at the university. Causes should be identifiemblaed in order to
improve the quality at the university especially at the first prepargtay. The overall
performance of the students who finished the course up torthlesfage, is acceptable
since the grades were normally distributed from the highest gradedAk¢ lowest one
(D). The failure rate represented about 9 percent was considered to be an acraptable
by the course instructors. However, when examining the resultedoh section,
considerable variability was found between the sections. For example, sotiths
exhibited an acceptable performance with a normal distribution (Figurevbi&) other
sections exhibited extremely poor performance (Figure 5-b) and sgtb&ons had very
good performance (Figure 5-c). This high variability among &uotiens was considered
by the faculty members to be a sign of poor quality and morertant this was
considered as an area of improvement. It must be mentioned haregstistated by
Deming [8], process variability is the enemy of quality; It iseled a disease that
threatens all sort of organizations and leadership should underdtendorocess
variability and work on the system to reduce and control it.

A root cause analysis for the problem identified earlier which conteenisigh drop and
failure rates in the course, was performed using the fishbone diagrangt multiple
brainstorming sessions with faculty members and studentseofcuirent academic
semester. The results of this analysis which is presented in iguexealed that there
are many areas of improvement to be tackled in order to improve ity cpf the
educational process in this area of engineering education at the univErsiywould
include:

e Improving the educator and student contact.

e Improving communication between students and the faculty and thersity
system through academic advising.

e Improving teaching methods by adopting e-Learning, m-Learningadntew
instructional educational methods.
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The authors believe that the fishbone analysis would need careful catisideand
analysis by decision-makers and leaders at educational institutions as wejyl as
educators témselves since it revealed the hidden real causes for our students’ failure to
catch-up with engineering education especially in Arab countries siitiilar social
habits and culture. In order to identify the possible relationship betwee student
performance in the engineering course with other variables suchimpédtfermance in
English, mathematics, physics courses and their GPA in higher scbatbér dliagrams
were plotted for each variable and showed weak correlations between student
performance in the engineering course and their performance ifislerand the
remaining subjects indicating that other causes identified from the fishimadgsis
should be investigated further in order to improve the educational prateshe
preparatory year program.

SUMMARY AND CONCLUSIONS

Total Quality Management has assisted business organizations to compete lala glo
market. It is a promising approach for improving various Bees, including learning
processes, in higher education. This approach aims at continuowstingn and
exceeding the needs and requirements of the customer by ergplagirefficient
measurement system which consists of a bench of quality tootecmdques.

The paper showed that understanding the engineering educationalspsociéscan be
improved in a systematic and cost effective approach using relevary dqoals. The
paper suggests the use of the seven basic tools known as theiceagaédven to extract
from raw process data very important information for the imprerérof the educational
process. These basic tools are of graphical nature (e.g., Figure 6) apdyagasy to use
and efficient, that any engineering instructor can master easily and usefdhem
improvement. Briefly, these seven tools can help engineering edsicatdrdecision-
makers at higher education institutions answer very important questicna s

The flow chart - What is done? And what are we really doing?

Pareto analysis What are the big problems we are facing?

Cause and Effect DiagramWhat are the causes for the problem?

Histogram— What is going on in our process ? What is the nature of the
variation?

Check sheets How often does it occur?

e Scatter Diagram What are the relationship between factors?

e Control Charts- Which variations are to be controlled and how?
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THE ENGINEERING EDUCATION IN ALGERIA IN THE NEW
SYSTEM (LMD): THE CASE STUDY OF THE FACULTY OF
ENGINEERING, UNIVERSITY OF TLEMCEN

Megnounif Abdellatif
Faculty of Science Engineering,
University of A. Belkaid, Tlemcen, Algeria

ABSTRACT: The Algerian government has begun, in recent yeaigobal reform of the system of
higher education to meet new system requiremenp®sed by the new socio-economical data. The
choice fell on the “LMD: Bachelor-Master-Doctordtesystem which examines and defines the ways and
means to teach, study and evaluate differenthighdr education After five years of implementation, it

is useful to evaluate (at least, locally) some intgott points of this system, where the purposéds t
search for quality in the university. An investigatwas then conducted at the Faculty of Engingenin

the University of Tlemcen through a questionnairde of 13 questions given to students. The results
obtained, after analysis were very encouragingndkieugh the survey revealed some difficulties and
other shortcomings closely related to the adaptaifdhe university community to the new system.

KEYWORDS: Evaluation; LMD; Questionnaire; Reform; Survey; Edtional System.

INTRODUCTION

The Algerian University, like all universities in the world, symbolittess knowledge and
learning. Modern times have changed the role of the university whaisenew tasks are
summarized in the guideline of the Algerian Ministry of Higher Educatith Scientific
Research [1]. These missions are as follows:

* Provide quality training.

+ Making a real osmosis with the socio-economic environment developing all
possible interactions between the university and the outside world.

« Develop mechanisms for continuous adaptation to changing jobs.

« Be more open to global developments, especially those of science and
technology.

» Encourage diversity and international cooperation by the most appropriase term

+ To lay the foundations for good governance based on participation and
consultation.

The Algerian university has gone through several reforms, acgotalithe changing in
socio-economical needs of the country as well as those of scietidecimology. The
most important one is the 1971 which has structured higher educatidgeria and was
intended mainly to “arabize and algerianize” all higher education. This system worked
for a good time but in recent years it has shown its limits. Ipstemic approach, the
"university "system requirements were no more satisfied with the "claggirbach and
an improvement or change was necessary. It was noted, espeballfoliowing
deficiencies:



QUALITY ASSURANCE IN ENGINEERING EDUCATION 62

» Educational programs no longer meet the new socio-economical data.

» Training mono disciplinary in classical approach where concept of general
culture is completely absent.

» A significant failure rate due primarily to uncertainty about the fuam®ng
students.

» Lack of motivation among teachers and students.

» Centralized management of the university.

Given all these problems, reactions were necessary. Thus, the Algerian govenamen
decided, from 2001 to diagnose the situation in order to provideedhiate and
sustainable solutions faiigher education. A new “university system” has imposed itself.

Following the recommendations of the National Committee of the Edudagtorm, a
reform plan was adopted by the Cabinet in April 30, 2002 and/ihistry of Higher
Education and Scientific Research has adopted a ten-year strategy to dieeedeptor
for the period 2004-2013, one of whose main themes is the dewstbpand
implementation of an overall and deep reform of higher educdtenfirst step is the
establishment of a new architectural educations, including an updatingpgrading of
various educational programs, and a reorganization of the educational menage

The choice fell on the new "LMD: Bachelor-Master-Doctorate" system to meet the
expectations of society and also to be in concordance with the neeligesdand global
trends in higher education. This system examines and defines jlseand means to
teach, study and evaluate differently in higher education.

THE LMD SYSTEM

In a systemic approach, the LMD is a set of elements that interactpfpemiintegrated
whole, working for a common goal. And as each system, the LMD hadllalefined
lifecycle starting by the need the statement, then continue on desigac¢tmaduse and
lasting by phase-out and disposal (Figure 1). These steps are necastazsficcessful
accomplishment of objectives.

Currently, in Algeria, the system is in the use phase since riéddgerian universities
have adopted the LMD. For this it is useful to note that the governmersdlieasly
injected through educational, scientific, human, material and structural calossas to
meet all requirements defined by new data and global trends. The piayrassig the
life cycle of the system requires an effective approach to the reeiealiation and
feedback.

With systematical approach, the LMD is designed so that all system components
including teachers and students have become involved in trainingarando more
spectators as in the “classic” system: the teacher has the opportunity to offer training
courses tailored to the available resources and skills based on a pedagogical téeam and
student has the opportunity to choose the path that suits hienstlident participates
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actively in his training; the number of hours is therefore restrictédetéraining outside
the university. In addition, student is better supported through angiteystem in which
the accompaniment is more active.
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Figure 1: System life cycle [2]

UNIVERSITY ABOUBAKR BELKAID OF TLEMCEN

The University Aboubakr Belkaid of Tlemcen is one of the firlgefian universities to
have opted for this new educational system "LMD: Bachelor-Master-Doctawhizse
main objectives are:

« Improving the quality of university education.
« The adequacy between university education and the needs of thegwedkid.
« Development of academic training vocationally.

These objectives have led the university to do otherwise, by adoptiey auiture of
learning based on open, competitive and effective exchanges with alhalatind
international partners who can participate in training.

The LMD system has been implemented at the University of Tlemcea #infirst year
of application, in 2004-2005 when many academic and professidfalttaining offers
were proposed to newly enrolled students.
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The Faculty of Engineering

Like other faculties of the University Aboubakr Belkaid, Tlemcen, the IBaaf
Engineering opted for the LMD system in its first year. It has receits first LMD
students in 2005-2006 (in 2nd year) in two different domaiamputer engineering (I)
and science and technology (ST).

Despite the apprehension of students which is justified with any netgnsy 03 ST
bachelor programs and 01 computer engineering bachelor progrerstaated with a
very small number of students. Today the LMD system has beéended to almost all
departments (Table 1) and the faculty has proposed 27 bachelcarpsodgncluding six
professionals and 22 master programs including two professiorfadsfirst bachelor
students graduated in June 2007, while the first master students graduatee 2009.

Table 1.Number of bachelor and master programs by department.

Department Bachelors Masters
Biomedical Electronics 1 1
Automatics 5 5
Civil Engineering 5 5
Mechanical Engineering 9 5
Hydraulics 5 2
Computer Engineering 1 2
Telecommunications 1 1
Business Engineering 0 1

Total 27 22

With the number of bachelor and master programs offered, theemwhbtudents opting
for this new system continues to grow up from one year to anashgnown in Figures 2
to 4.

In addition to purely academic training, students have benefited iftemships, field

trips and visits to companies through the relationship developed in theviak of the

LMD, between university and industry which is seen as a strategic ax teocio-
economical development and the terms that govern are based on an orgadized an
structured approach.

Also, our university has been working to promote and sthemgthe synergy with its
immediate socio-economical environment on one hand, and internationaé athtr
through organizing regular forum "UniversiBauterprises” and exchanges of student
interns as part of cooperation with foreign universities [3].
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Figure 2: Evolution of LMD students over the past four years.
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THE LMD AT THE FACULTY: FIVE YEARS LATER
System Evaluation

Like any system, the LMD is submitted to the principle of evaluation iwkiould be
continuous throughout the life cycle, beginning with the design phaseextedds
through the use phase and support and ends when the systeposed. Evaluation
refers to the examination of the system (or a system componetg)nis of relative
value, quality of performance, effectiveness, estimated cost, etc.

The objective of the evaluation is to determine, using a combinatiopreafiction
activities, analysis and measurement, the true characteristics of the gystasure that
the system fulfills its mission successfully [2]. For our LMDteys, the objectives of the
evaluation are multiple; the most important ones are [4]:

» Audit the system (research into the causes of success or failure)

» Provide teachers with detailed feedback to make adjustments to impraviegeac
and promote learning

» Promote quality education and training

« Encourage communication between students and teachers

» Provide a budget, construction schedule, training...

» Determine the need for teachers...

» Check the extent of changes induced by an innovation of a y&tens etc (in
case of LMD)

The LMD system can well develop a culture of evaluation that affects alkats of the
system and in particular [5]:

» Characteristics of students and teachers

» Students and teachers performance

+ Programs and didactics means

» Teaching /learning process

* Learning contexts

+ Organization of the institution, its functioning and performance
» System itself: the LMD

So what should be evaluated? Given that the purpose of evaluation is ttie feear
quality in the university, we can evaluate several aspects of thensythe most
important are [6]:

+ The level of satisfaction of the objectives of pedagogy (methodology of
knowledge transmission, means of control of learning, list conténts ..

+ The actualization of contents

» The effectiveness of teaching methods

» Consistency and reliability of instruments to assess knowledge argd. skill
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Thus, after five years of LMD training at the Faculty of Engimegrihree years for
bachelor and two years for master, we wanted to mark the graduftimg fo'st master
students by a simple evaluation process in order to lead, locallgctieer actions if
necessary and thus solve interface problems and ensure gowpdtidnlity between
system components.

The evaluation was done using the principle of closed questionnaire, istsghple to
use and operate. This questionnaire was given to students thgiivegdinion on certain
aspects of the LMD system.

Analysis of Results

Once collected the different filled questionnaires, a recount has been made to tuealyze
results. This questionnaire was given to 387 students from the 2nd year bathéber
second year Master. The different given questions can be groupeikintain sections:

Importance of teaching units of foreign language and discovery
Student participation in pedagogical activities

Teacher-Student Relationship

System of Student Assessmen

Pedagogical accompaniment of students

Pedagogical means for training

ogkrwnrE

The responses are grouped into five categories: Very good, good méaliiand very
low with an opportunity to choose NC (hot concerned) if the stufileths difficult to
make a decision.

Through the responses (Figure 5), it is understandable that thiotymets is very
important for students who pursue technical training. Over 60% déstsi felt that such
education can be beneficial and it reinforces the philosophy of the Ligiersybased on
the need to introduce general culture and discovery units related to jpto@itees or
disciplines to broaden the academic culture and facilitate the bridging of reorientation

%21 %17

mV.low
N Low

Medium
M Good

m V.Good

Figure 5: Importance of foreign languages and discovery units.
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One of the most important objectives of the LMD system is the active participetio
student in his training, from choosing the path that suits his desistréngthening

training far from the university. This involvement allows studentirtgprove his

independence and develop in him the spirit of initiative, unlike theicksystem where
the student was as spectator in the receiving position of thanaftion. Seventy-three
percent of students feel involved in their training (Figure 6).

| V. low
H Low

= Medium
H Good

H V.Good

Figure 6: Students participation in training.

According to responses (Figure 7), only 37% of students are atisfied with the
pedagogical relationships established between teachers and students.cEmtageris a
little bit low and can be reduced more if teachers adhere closely to the phitasiothe
system by changing their way of teaching. But the means sholllvf Video

projectors, computers, systems of distance learning, Internetnetr.

mV.low
N Low

= Medium
H Good

m V.Good

Figure 7: Teachers-students relationships.

The LMD system favors the evaluation based on continuous assesggnts based
on a set of notes or assessments collected at defined stages of the leacesg o
support student progress. It is a formative assessment and providlescieéo students
on their learning and to teachers about the effectiveness of their tpaletust students
(67%) are satisfied with this type of assessment (Figure 8).
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mV.low
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B Medium
H Good

H V.Good

Figure 8: System assessment for students.

After the finding and the response of students (Figure 9), it is claathbre remain
more things to do to improve in practice, pedagogical accompanimertudgnss,
although the LMD system has given special attention to this point feeera angles as
the introduction of subsystems such as "team teaching" and "tutoiingly opinion, it

is still early (five years is not much) to say that these elementsntly meet all system
requirements.

mV.low
N Low

= Medium
H Good

H V.Good

Figure 9: Pedagogical accompaniment.

Although the government has put enormous resources (material anddipain recent
years to support the system during operational phase, the results o show that
more resources are still needed. Only 53% of students are satisfied avitturtient
material conditions (Figure 10).
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Figure 10: Teaching means for training.

CONCLUSIONS

The Algerian government has invested a lot in recent yeatseometv system, the LMD:
Bachelor-Master-Doctorate, for the reform of higher education to ensaligydtaining
that enables to hoist the Algerian university to the status of internatioiarsity. The
requirements for operating and maintaining this system are multipleegquule time and
resources to be satisfied.

The survey conducted at the Faculty of Engineering of the Univarkityemcen, with
the help of students, for the LMD system has revealed some imipooiats:

« The choice of "secondary,” units known as general culture and discanits
create student motivation.

* The student, a key component of the system, is being more dutinvgghout the
life cycle of the system.

+ The pedagogical relationships between teachers and students are more regulated

and facilitate the transmission of information and knowledge.
» The system of evaluating students, in its new philosophyrasnising good
results.

+ Between practice and theory, pedagogical accompaniment needs more attention.

« Finally, the teaching means must follow to properly support theraydteing its
use phase.

In summary, we cannot generalize this study to the entire systier, assessment
surveys are necessary which must be continuous in time and space.
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A QUANTIFIABLE QUALITY ASSURANCE SYSTEM FOR
ENGINEERING COURSES

Raid Al-Aomar
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ABSTRACT: Engineering courses represent the core of engingeeducation. Measuring the quality of
engineering courses is therefore an essential coempoin the assurance of the overall quality of
engineering education. Local and international editation programs such as Accreditation Board for
Engineering and Technology (ABET) also place emishas the role of engineering courses and insist
on implementing a viable system for assuring theality. A variety of educational and learning eri&

are used by engineering colleges to assess thetyqoél engineering courses and to meet the
requirements of national and international accagidih programs. In ABET, for example, meeting ceurs
outcomes stated in course syllabus is a key ayitefor assessing course quality. These outcomes are
often mapped with the outcomes of evaluated engmgegprogram. However, ABET accreditation
program does not specify the quality assurancesyst be adopted by the evaluated program in @oder
prove their effort, display readiness, and succdlgsachieve course outcomes. Engineering programs
vary in methods and systems used to synthesizeusmrcourse elements in an integrated quality
assurance system. These systems range from a ishedkVarious course constituents to sophisticated
assessment techniques and auditing systems. Thitatijua nature of these assessment systems makes i
difficult to measure course progress, compare esyrand develop standard performance levels. This
paper presents a quality assurance system thabesynés various course constituents including the
course work, instructing, delivery method, evalomtiaccreditation, and continuous improvement. The
system also quantifies the course quality attribuising ten Key Performance Indicators (KPIs)hént
utilizes Analytical Hierarchy Process (AHP) to dete an overall course score based on the course
rating in ten KPIs. The approach can be utilized ABET accreditation, controlling and managing
engineering courses, and general faculty develophmen

KEYWORDS: Quality Assurance; Education; Engineering; Coursssessment; Accreditation;
Analytical Hierarchy Process.

INTRODUCTION

The need for developing a quality assurance system for technical edugatagrams in

the academic institutions is widely recognized [1]. This is mainly dubgdmportant

role of technical education in economical and industrial development as well as to th
growing number of engineering programs offered by universitiegh public and
private). In many countries, technical and engineering education is consiaerad
driving force capable of supporting the country's economy by graduatigineering
specialists, professionals, and researchers. Toward this end, emgjreghrcation needs

to undertake certain changes in curricula as well as in industry afetyscelation in
order to equip engineers with the competitive knowledge and skills miledaby the
market [2].

As emphasized by ABET [3], the engineering courses continue to @aydin role in
preparing engineers with the required engineering knowledge and 3kilts paper is
devoted to the development of a quality assurance system faridgicltourses in
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engineering programs. The system is developed from key tedéseomponents that
assure the quality of technical education while being easy to implememtriaad by

guantitative Key Performance Indicators (KPIs). Introduction of systes will lead to
increased competitiveness and attractiveness of engineering progmameell as
achieving program outcomes and meeting the requirements of accreditatemsy

Course teaching quality represents the core of the proposed systeours® quality
assurance system means that each course instructor is responsible iforimgoits
progress through critical evaluation of the course by stakeholders,akmagnchanges to
the course in response to their evaluation of various indicators ¢dfs€ stakeholders
include current students and faculty members. The critical evaluation of tinge ds
derived from student’s evaluations, peer reviews, and accreditation requirements. The
evaluation covers anything involved in the offering of the coucseirse portfolio,
instructor portfolio, the progress of the student through the cothrseinduction of
students, the teaching, and the infrastructure, such as accesgtdarsmand technology.

COURSE QUALITY ASSURANCE SYSTEM

The proposed approach is characterized by the collection and analysievaint data,
with reference where possible to standards, the design and execugioringbrovement
process, the evaluation of the improvement, and a report on activiti ighprovided to
the next level of organization external to the unit undertaking and reéslgofsr the

quality assurance. At the individual course level, the data will indluolge provided by
the Course Performance Report, and those gathered by the fabeltiaculty member is
responsible for undertaking the improvement process.

The analysis for each course will include not only analysis of reldtt& but also some
means of comparing standards, such as comparison of data against eatoagés, or
comparison with similar data from other universities, or benchrarkixercises if
available.

The system provides guidelines and check list for course quality assufdre system is
developed using effective teaching guidelines and international standardstopbsed
system includes six main modules:

Course Portfolio

Instructor Portfolio

Course Evaluation

Course Peer Review

Course Key Performance Indicators (KPIs)
Course Performance Report

oukwnrE

Each module establishes and cultivates a certain quality attribute that contribtiites to
total quality of the engineering program. These modules are integratea $sysiematic
guantitative approach for establishing and maintaining a quality teactstegrsy
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The course portfolio is the first developed taking into consideration kewirgar
objectives and pinpointing means to achieve these objectives. It indhfdemation
specific to a particular course such as syllabi, course materials, samplenasggyrand
an explanation for the rationale behind the assignments, and how the teactiindsme
and the course materials help students achieve course objectives.

The instructor portfolio will be complementary to course portfolio. dsalibes and
documents multiple aspects of the instructor credentials and teaching abilitya It is
formative portfolio that is created for the purpose of personal pnodessional
development.

The actual implementation of teaching philosophy and learning objectiveshavi
measured through “Course Evaluation”. This includes a focused survey of students
during the course and at enéiclass. The instructor can also add to the evaluation oral
feedbacks from students.

The system includes a peer review for checking the quality aéeqortfolio, instructor
portfolio, and class evaluation. Selected internal and external reviewers can paiticipate
the peer review by filling peer review form.

Course data and evaluation are then analyzed and quantifiedausiregified set of Key
Performance Indicators (KPIs). These KPIs are determined for critical teampinity
atributes. KPIs are aggregated in an overall score to drive continuous imgnolve
Course data, KPIs, changes, and improvement actions are summariaedoncise
Course Performance Report. The report is updated each time the couasead.gr

Proposed Procedure

The proposed course quality assurance system is implemented basegstenaats
procedure that includes the 10 main steps:

1. Review course data (use course performance report and course péftfodio
available, develop course portfolio).

Update course portfolio and check for the availability of course resources.
Conduct critical evaluations (two by the instructor after exams and one by
university).

4. Submit updated course portfolio and course evaluations to peer review

5. Compute course KPIs based on evaluations and peer review

6. Analyze overall course results and collect further data if required

7. Evaluate improvement actions and design course changes based on analyses
8

9.

1

wn

Undertake the improvement
Evaluate the improvement
0. Update course performance report

For successful implementation of the proposed quality assurance sgditdime system
procedure is represented in a flow chart that relates different constittieatBow chart
is shown in Figure 1.
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Figure 1: Flow chart of the course quality assurance system.

QUANTITATIVE COURSE KPIs

Course development, progress, and improvement actions are assessednbtssd o
impact on a quantitative set of Key Performance Indicators (KPIs) and bastgkir
compatibility with the overall objectives of the underlying engineepirogyram.

Although KPIs are defined to be quantitative measures, setting valuescfocearse

KPI actually summarizes both critical qualitative and quantitative measures of the course
at a certain attribute.
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A (0-100) score can be assigned to each KPI based on the soursesshant (e. g.,
student’s evaluation and peer reviews, etc.). An overall course grade can be then
determined by averaging out KPI scores. The proposed system emphiasifast that
the selected course KPIs vary in their relative importance. This characterisersias
in order to arrive at realistic and comprehensive course assessment.

In proposed system, the relative importance of each KPI is deternmsivegl Analytical
Hierarchy Process (AHP) [ahd computed with the aid of ExpertChoice™ software tool
[6]. In the proposed quality assurance system, course qualityasumed in terms of the
following KPIs. Each KPI is assigned a score of 0-100 by a cersagsament source or
method as shown in Table 1.

Table 1: Quantitative Course KPls.

KPIs Source of (0-100) Score Assessment
1- Course Portfolio (CP) Peer Review

2- Instructor Portfolio (IP) Academic Department/Head

3- Delivered Material (DM) Students Evaluation (Questionst@)
4- Instructor Effort (IE) Students Evaluation (Questions:11-20)
5- Course Exams (CE) Average of two exam evaluations

6- Students Performance (SP) Average class grade

7- Accreditation Compatibility (AC) ABET committee

8- Course Improvements (Cl) Course Focus Group

9- Course Resources (CR) Instructor

10- Course Performance Report (PR) Course Focus Group

The overall course score is determined as a weighted-sum of the omnes a the 10
KPIs and their relative importance weights (assessed using AHP). Theectgh shows
how KPIs weights are assessed using AHP.

Analytical Hierarchy Process (AHP)

The analytic hierarchy process (AHP) is a multi-attribute decision making duodtigyy
which was first developed and applied by Saaty in 1977 [5]. Sinceritglirction, many
different problems of multi-attribute decision making have beenesgtdly investigated

with the mathematical techniques of this approach. The application asrasrem job
selection to investment decisions. AHP, as a decision support tool, usekilevehu
hierarchical structure of objectives, criteria, sub criteria and alternatives. According to
Saaty AHP methodology is based on the principles of decomposition, comparativ
judgments and synthesis of priorities. Decomposition structueeprtiblem according to

its main components: focus, set of criteria for evaluation, and the decisiorat@sn
Comparative judgments are required for pairwise comparison of criterianaestment
alternatives so as to derive the criteria weights and relative priorities of invéstmen
alternatives. Finally the priorities of alternatives and the criteria for weights are
synthesized into an overall rating based on which the best alternative is decided.

AHP also emphasizes on team decision-making thereby getting membeiféeant
departments involved in decision-making. The involvemeniftgrdnt departments with
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in-depth knowledge on technical, strategic and economic issues makebkadua# the
important criteria are included in the rating of different alternatives. Thkcapon of
AHP ranges from investment risk to resource allocation and organizdtioning in
fields, such as economics, politics, marketing, and management. AltHwaighiriciples
underlying AHP for decision support have been the subject of #xéedebate, AHP has
several advantages including ease, numeric translation of judgment, olsistency
tests, and the use of appropriate measurement scales. In this pwejetdgal with the
application of AHP in estimating KPIs relative importance weights.

In general, applying AHP in decision-making problems involves dilewing four
fundamental steps:

1. Model building:Feasible decision alternatives are specified first prior to specifying
criteria for the evaluation of alternatives. These criteria are further grouped into
logical categories. A hierarchal structure is used to graphically represent the
developed AHP model.

2. Pairwise Comparison of categories and criteriehe relative importance of criteria
within each category and of each category within the group t#gecdes is
established through pairwise comparisons using a square matrix gtridtarvalues
of importance are taken from Saaty’s 1-9 scale as shown in Table 2. The diagonal
values in the matrix are set to 1 indicating equal importance of compaison
attribute with itself. The values underneath the diagonal are reciprocatduefsv
above the diagonal. The developed pairwise matrix is subject to severatiops in
order to determine the relative importance weights of criteria or critaggarées.

Table 2: Saaty's (1-9) Scale of Relative Importance.

Scale  Definition Explanation

1 Equal importance Two activities contribute equally to the objective

3 Weak importance Experience and judgment favor one activity over
another

5 Essential or strong importance Experience and judgment strongly favor one activ
over another

7 Demonstrated importance An activity is strongly favored and its dominance
demonstrated in practice

9 Absolute importance The evidence favoring one activity over another is
the highest possible order of affirmation

2,4, Intermediate values between thc When a compromise has to be made

6 &8  two adjacent judgments

The matrix entries are divided by corresponding column totals to ob&inartmalized
matrix. The total number of entries in that row divides the total of eat¢heofows
having the normalized entries to attain the criteria weight.

3. Pairwise comparison of alternativeEach alternative in the comparison or decision
structure is rated with respect to every decision criterion in the evaluatidal mo
using the same (1-9) Saaty scale. Pairwise comparison is applied torabiejs for
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qualitative data. If quantitative data’s are available then the rating is done by existing
or estimated performance data.

4. Alternatives RankingsFinally ratings of the alternative are combined with the
ratings of the criteria to form an overall rating for each decision alternathe.
alternative with the highest rating is ranked the best choice, taking into acceunt th
relative importance of each criterion and the relative desirability of the alternatives
with respect to each criterion.

The AHP is automated using spreadsheets and commercial softwaregsaitkatpke it
easy for managers and decisiankers in applying the method. ExpertChoice™ is a
commercial package that is commonly used in business and the inttustpply the
AHP method.

Example of quantitative course assessment

In this section, we present the results of applying AHP method uskpgrtChoice
software package to assess the relative importance weights for the [40défied
earlier. These weights are essential to quantitatively measure the couiseinthe
proposed system.

1. Pairwise comparison matrix of KPIFhis matrix provides the relative importance of
KPls pairs using Saaty scale (1-9). Project team entered these pairwjsarisons
based on their experience in education. For example, when compariwghCA&C,
project time assigned 3 (indicating weak importance). Below the diagAgal,
relationship with CP will be the reciprocal (i.e. 0.33). The diagonaleofrthtrix is a
vector of equal importance value (i.e. 1) and the part below the diagomal is
reciprocal of the part above the diagonal. Using ExpertChoice™ software, the
developed matrix is shown in Table 3.

2. Relative importance weights for KPIFhe output generated from the software
provides weights to each defined KPI along with a priority numbek)ran each
KPI. The threshold for inconsistency ratio in AHP is 10%. Since the sohasuited
in less than 10% inconsistency, it is considered acceptable. Table 4 showaskhe
of KPIs (from 1 to 10) and their corresponding relative importaneghts in an
ascending order.

The Pareto chart in Figure 2 provides values of KPIs weights valuegiaritigs in
an ascending order: From the chart, we notice that Instructor Effortgd#)ttained
the highest weight of relative importance (0.181) followed by Delivéfaterial
(DM) with 0.166 weight, Course Resources (CR) with 0.13(gkteiand Students
Performance (SP) with 0.127 weight. These four KPIs contribute &% of
course overall evaluation. Thus the focus of course improvemeunidshe directed
at these four KPIs. The last three KPIs (Instructor Portfolio (IRgreditation
Compatibility (AC), and Course Improvement (Cl)) are almost siniilaweights
(around 0.042).
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3. Determining overall course score (Evaluatiofe overall score (evaluation) of the
course is determined as a weighted-sum of course scores at KPIs esasgabsed
KPls weights. For our course example, the course KPIs prioritidssjratores, and
weights a long with the resulting overall course score (a weighted suhe dfo
KPls scores) are summarized in Table 5.

Table 3: Pairwise comparison matrix of course KPIs.

CP IP DM IE CE SP AC CI CR PR
CP 1 3 0.33 025 2 2 3 2 05 2
IP 1 0.33 02 02 02 2 2 05 1
DM 1 05 3 3 2 2 1 3
IE 1 2 1 2 2 2 2
CE 1 1 3 5 05 3
SP 1 6 5 05 3
AC 1 1 033 1
Cl 1 033 1
CR 1 1
PR 1

Table 4: KPIs ranks and relative importance weights.

Rank KPI Weight
1 Instructor Effort (IE) 0.181
2 Delivered Material (DM) 0.166
3 Course Resources (CR) 0.13
4 Students Performance (SP) 0.127
5 Course Exams (CE) 0.108
6 Course Portfolio (CP) 0.106
7 Performance Report (PR) 0.052
8 Instructor Portfolio (IP) 0.045
9 Accreditation Compatibility (AC) 0.042
10  Course Improvement (Cl) 0.042

Inconsistency = 0.09 with 0 missing judgments

SUMMARY

This paper presented a quantitative approach for assuring the quality ofezitgin
courses. The approach recommends 10 KPIs to quantify the multiple a$pact o
engineering course quality. AHP is used to assess relative importangietsnvigir the
course KPIs and to estimate an overall score of the course. The overalesatuation)
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of the course is determined as a weighted-sum of course scores at K®lsvérall
course score can be used to compare courses, to measure perforamh@ssess
conformance to university and accreditation standards. Course impgotv@ctions can

be then recommended at each cycle of course evaluation. Monitoring amdiimgpthe
quality of engineering courses is likely to result in an overall imprevénof the
underlying engineering program. The approach can be adaptedusel for assessing
ABET course outcomes and other local and international engineering accreditation
programs.

KPI Weight
0.1 0.12 014 0.16 0.18 0.2

m

o
=

(9]
2

o

o

M- o
)

o

i o
B

o

o

=

o

@

w
s

---------------

O
m

KPI
O
o

— O
T

>
9]

Q
L

Figure 2: Pareto chart of KPIs weights.

Table 5: KPIs ranks, weights, and scores.

Rank KPI Weight Score
1 IE 0.181 85
2 DM 0.166 78
3 CR 0.130 90
4 SP 0.127 68
5 CE 0.108 65
6 CP 0.106 90
7 PR 0.052 75
8 IP 0.045 80
9 AC 0.042 55

10 Cl 0.042 80

Overall Course Score (weighted Sum): 78.40
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INTELLIGENT EVALUATION IN EDUCATIONAL CONTEXT
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ABSTRACT: The idea is to conceive an intelligent computingtesn of decision-making aid. In the
context of teaching learning, the quantification of the human behaviors is the key to this system’s
innovation. That gives an opportunity of measurihg professional acts of the teachers in class and
makes possible to locate the practices comparétetpedagogical theories, and especially compared t
the constructive approach. In addition, this qystelps to identify the student’s styles of learning;
therefore it places, at the disposal, informatidmalv facilitates to the teachers the adaptatiotheir
pedagogical methods so that the student can berfiefit optimal assimilation.

With this intelligent computing system the studesaa also profit from an innovating alternative:ules
of the web based performances analysis in summatreduation. It is a generated report, for each
student, automatically at the end of the seizurthefmarks stipulating in details their weak poiaits
specifying the adequate remedies in terms of dietsvio be realized to proceed to reflexive regoet

in order to raise their levels of assimilation. dceessful system is starting from observable behngvn
classrooms and of performances seized remotelthei&Veb, to quantify in a rational way the cognitive
and emotional states of the actors of the conteteahing learning.

The general objectives of the system would be:sdlaag the profiles of the teachers starting frtimir
professional competences based on their pedagogy, behavior and attitude, classifying the learners’
profiles by analyzing their interactions and anedgztheir performances in summative evaluations,
adapting the resources the teacher’s pedagogical methods in order to have a better coherence with the
profiles of identities, the profiles of motivatiamd the profiles of comprehension of learner.

KEYWORDS: Evaluation Statistics Fuzzy Logic; Learner Profile; Teacher Profile; Edticnal
Context

INTRODUCTION

Since few years, several expert systems in educational field hagaragpThey aim to
classify and assist the decision making whose complexity increases witkvtiepment

of the tools and the techniques related to decisional data processingb3éigation is

not limited to technical field but also related to the educational field and more precisel
to the diagnosis and the evaluation of the process of teaching-tga@mirthe basis of a
medical vision, the diagnosis is an activity of identification of the canfsagphysical or
human system’s dysfunction starting from the observation of its revealing symptoms.
Frequently, the dysfunctions are diagnosed starting from a wholeaziassl symptoms
named characteristic syndrome. The relevance of the diagnosis is stlepglydent on

the complete observability of the device.

We could, also, add that the etymology of the diagnosis term means “knowledge through
signs”. Therefore, a diagnosis of the profiles of the actors of teaching learning can be
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interpreted as the knowledge of the cognitive state of the actor (teacher andé) lefarn
the context through his actions and his reactions at the time of artyaofiteaching
training.

To teach and learn are equivalent to buy and to sell; to sell is to provoker¢thagay to

teach it is to provoke, to stimulate, to guide the learning. The existentiahigasninore

striking in the life of the learner than the school learning. An llerdeexperimented
teacher is capable of educational performance that the theories which areafethéts
educational researches in learning cannot either explain or plan.

The purpose of the learning is not the knowledge but the actiondifficult to find
objectively another means of measure of the learning excepthéorevaluation of
observable and measurable behavior. To teach is an extensive concegs.ibtimean
passing on the information, but especially provoking, organizingitfiog, managing a
learning. In other words, " teaching is not telling ". So why doneed to evaluate the
process teaching -learning! Here are several reasons:

1. It assures the evolution of the instructions which encourage the reflexive
practices and the collaboration between teachers.

2. It allows to identify and to measure the development of the activitigheof
teaching team.

3. The process of selection which it engenders can be validated.

4. It represents a fruitful, relevant, and reliable link of communication which can
be the fruit of a well-structured process of evaluation.

5. The personal decisions of keeping back, transfer, promotion extlasiocan
be more relevant through the effective process of the evaluation.

6. To be able to assign an intense program of training and assistarie new
and incompetent teachers to heighten their professional level and protect the
learners of their educational failures.

THE INTELLIGENT COMPUTING SYSTEM

From there comes the idea to conceive an intelligent computing systelecision-
making aid, in this context, which is a reliable tool in the hands of ¢eensary
education’s inspector. A system able to manage the variable characteristics of the learner

and the teacher in order to facilitated a reliable decision making of what must b
recommended for each whole of circumstances, thus avoiding toersecto the
intuition and subjective and non-describable decision making in deteimieishs. An
able system, starting from observable behaviors in classrooms faperformances
seized remotely via the Web, to quantify in a rational way the cogmitideemotional
states of the actors of the context of teaching learning. This expennsgste to the
following general objectives (Figure 1):

— To classify the profiles of the teachers starting from their professional
competences based on their pedagogy, behavior and attitude.
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— To classify the learners’ profiles by analyzing their interactions and analyzing
their performances in summative evaluations.

— To adapt the resources of the teacher’s pedagogical methods in order to have a
better coherence with the profiles of identities, the profiles of motivatidrhen
profiles of comprehension of learner.

Learner
Interactioninclass

Performances analysis

Teacher

Pedagogical Aspect

Extraction

Comportemental Aspect - Knowledge Process

Professional Aspect

Classify learner profile Classify teacher profile

Adaptation of teaching methods to
Learningstyles

Figure 1: Adaptation of teaching methods to learning styles.

The organizational structure of this expert system is hybrid. Indieed computer
software installable on the laptop of the inspector and whose entries are snizbd,
one hand, in class by the inspector. He interacts with the systemamsinggerface man
machine based on grids of teaching and didactic functions which weetdll thter on.
On the other hand, the marks of the students’ summative evaluations are collected by the
remote system starting from a Web site placed at the disposal of thetstuden

By trying to derive the essential factors which characterize the different apgsoach
defining the learning, we notice that the role of the student enttak While building

the knowledge he builds himself and by building himself, acquiresviedge. This
interactive process of teaching and learning is modeled in five categbripse( 2)
according to Lebrun [1].
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Figure 2: The interactive process (five categories) of teaching and learning modeled by
Lebrun

THE STAGES OF A SEQUENCE OF TEACHING-LEARNING

In learning process (Figure 3), we proceed generally by thalirttion of a connexion
with a new situation, by evoking a problem familiar with the cantewwn by students.
So that we can present an authentic opportunity to judge their knowledgieearskills.
And because the sense is given through the structure of what istpdeteetine student as
object of understanding, we give means of apprehension of thidwse to reach the
meaning. On one hand, this context would be rewarding onlybifirigs the student to
grant a value to the task which is proposed by identifying elemfats, operations
which make sense for him. On the other hand, this context has a d@avercation and a
potential of enlargement because of its direct connexion with realitygridésrand needs:
that provokes coverage and a control by the student.

The following stage illustrates the importance of the access and the collettiba
information. So, we proceed to the collection of information from the xgrgeints of
view of the students and their various representations, the cehtesporces are places
of meeting, the information is put in its context.

The stage of analysis teaches gradually to the learners to build tootarchiag
information, the structuralization, the comparison, the categorization and the
confrontation. It is to develop the capacity to manipulate the world ofebkerigtions,
relating and manipulating the various forms of representation.
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The stage of interaction exploits the interactive and cooperative characteredrthing,
emphasizes the importance of factors relative to the communication andeartheork,
and because without action feedback is unproductive for a learneisenhau intrinsic
feedbacks with regard to the action or extrinsic with regard toeimesentations, what
allows the student to be situated.

Finally, the stage of personal production illustrates the importanceeoédtivity of
creation, the role of the self-assessment, the promotion of the chantfeeardection
«méta »: learn to learn. It is a stage of recontextualisation during whistuttent builds
personal information
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Figure 3: Different stages during a teaching session

TEACHERS’ ACTING PROFILES

The educational relation is a set of verbal and non-verbal exchanges whiattetize
the educational act. These exchanges are influenced by the educational metbibekdp
by the teacher. DeLandsheere and Bayer [2] classified these exchanges gcordin
seven categories, called educational functions, which cover the essential dvidigts o
school life (Figure 4). Every educational function is characterizeddey af measurable
acts, which, once identified, translate in their existence, and their chggnible action
plan of the teacher, his way reasoned to organize a practice, which adfasthand the
operations to be achieved. This consciousness does not resultamlytdrtheoretical
knowledge but especially from the implementation of this knowledghenground.
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Figure 4: The seven educational funati®

PEDAGOGICAL ASSESSMENT

The function of organization fixes the conditions and the context wherachef
teaching learning must be given. The function of imposition is relativeetodhtents of
teaching or to the context of departure facilitating the stimulation. The teacasstice
the development of intellectual and psychomotor faculties of the studeletmennts the
function of development conceived by educational and didactic techniques.

The function of personalization appeals in the required meadows andcduéred
meadows of the student, including his appropriate difficulties. Thetifin of positive

and negative evaluation informs the student of the quality ofpaiformance. The
function of negative or positive affectivity connected to the pertmecstudent. Finally,

the function of concretization, which characterizes the didactic, visual, hearing amebns
the techniques, used to canalize the information to the student to aim anloptima
acquisition of the knowledge.

Every verbal and nonverbal act of the teacher must be categorized in the adequate
educational function, the corresponding temporal durations must be egasuing the
progress of the session. A tool of acquisition was conceived, rgffarfriendly interface
formed by the grid of the functions and its criteria. We need judlidio every criterion
detected in the educational act so that the algorithm counts the duratiahe of
corresponding acts, it collects them and makes the accumulation by catebery. T
collected data are registered in a spreadsheet. This algorithm was beforehand validated
before its systematic use to make sure that its degree of adequacy asibrpriec
sufficient. This being realized, we operate it and we proceed to the data collection.

As first approach, we opted for the visualization of the statistical resulke iform of
histograms in two axes representing the educational functions on tkis Xnd the final
accumulation of the frequencies on the Y axis (Figures 5 anch®).h@s an effect, not
only, on the comparative visualization of the quantities of the frequemndigbe
educational functions between them, but especially, between the same n&inctio
measured during successive visits.
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Figure 5: Assessment of interaction teachearners in the classroom.
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Figure 6: Behavior estimation scale (Ryans grill).

BEHAVIOR ASSESSMENT

Because the teacher is not perceived by his learners only on the @gtativbut also
from the point of view of the being: " we teach what we know witiat we are ", it
would be pertinent to proceed to the evaluation of attitudes, the behavior aneittioels
of the teacher, especially that within his personality, the same orgeeserved if we
went from what is the most spontaneous to what is the most bailtyaist finalized and
the most organized.
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CONCLUSIONS

Through this paper which proposes a qualitative study of the prtessdsing-learning
various pedagogical functions were analyzed and highlighted. Tharke fotelligent
computing system, the real-time observation of the activity of tegaiiowed to bring a
new glance on the understanding of attitudes and behaviors of teactiestsidents at the
same time.

In fact, during our research the teachers felt a major interest to the reportistedaio

the point that they applaud them as soon as the session is @&hegdoften ask for
clarifications on the meanings of the educational functions of which théarpamces

are lacking. We notice that in several cases, following the last visit, the furaftion
development becomes more dominant than imposition. We also notice that th
personalization appears and the negative or being lacking affectivity appsdisely.

In certain cases, and especially for the oldest of the teachers, they fiewtdid give up

and change the practice of imposition for the benefit of developtmespite of this, we
notice that the practices of development evolve even when the imposition stagnates.

All the visited, former or new teachers saw in their professional practicetatave
evolution towards the acts which facilitate the concentration of the stundénat exercise
of their function of teaching-learning.

Finally, we think that learning must be significant. In other woitdbas to fit into a
network of things and elements known and lived by the learnes. €ffective and
successful teacher is the one capable of varying his style angjissaté teaching. The
concept of style is more operational than those more classic, extangivestrictive as:
method, system, technique, attitude, skills, etc.

The evolution and the development of the teaching-learning is a uniquoztupty
offered by a fair, valid, understandable and reassuring evalualioa. intelligent
observer or computing system raises the profile and the style of thert@achhelps him
to correct his defects and to strengthen his assets. It also allowsntiifgand to qualify
the educational functions of the teacher. It could help to produce what wancall
“Educational ID card” of the teacher which can be periodically updated. This ID card can

be used to estimate performance of teachers and to establish a qualitatiesidiafjithe
actors of educational system on a regional or national scale.
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ABSTRACT: During four years (2006-2010), the Civil Enginegr Program (CEP) offered by the
Department of Civil and Environmental Engineerif@EE) at the University of Sharjah (UoS) went
through two accreditation cycles: accreditatiorth®y Commission for Academic Accreditation (CAA) of
the Ministry of Higher Education (MOHE) in the Unitédab Emirates (UAE); and accreditation by the
US Accreditation Board for Engineering and TechggldABET). The discussion in this article is
focused on assessment of: Program Educational ®igec(PEO); Program Outcomes (PO); and
Program Criteria (PC). Assessment, combined wittudtentation of objective evidence, is meant to
demonstrate that the PEOs, POs and PC are adggadtizbssed, assessed and achieved. In thiearticl
the assessment approach used by the CEP is desenioethe evaluation results are presented and
discussed.

Keywords: Civil Engineering; ABET Accreditation; Program Assment; Course Assessment; Program
Educational Objectives; Program Outcomes; UniveiditSharjah.

INTRODUCTION

The University of Sharjah (UoS) was established in 1997 with five colleges, including the
College of Engineering. The College of Engineering started with two toegas;
Department of Civil and Environmental Engineering (formerly called Department of
Civil Engineering); and Department of Electrical, Electronics, and Computer
Engineering. Since 1997, the Department of Civil and Environmental Enigigpeer
offered one undergraduate program; the Civil Engineering Program.irShédtch of
students (69 students) was admitted into the Civil Engineering Progran) (CEP97
following the "1997 CEP". Since 1997, the program has undergagaficant
modifications and improvements, with the latest version of the program designated as
"2010 CEP".

Accreditation of the CEP is mandatory according to the requirements of thei€sion

for Academic Accreditation (CAA) of the Ministry of Higher Education and Sifien
Research (MOHE) in the United Arab Emirates (UAE). The MOHE requires that initial
(or in-principle) accreditation is gained before offering a new prograrthéofirst time.

As such, the civil engineering program gained initial accreditation from MOHESY#, 19
then gained full accreditation after graduating the first batch of students from the
program.

The CEP program leads to a degree titled: Bachelor of Science in Civil Emgineer
(BSCE). However and to advance sustainable development education in tlaenpitber
Department decided to offer, under the umbrella of the civil engineering prognaew
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"Concentration in Environmental Engineering.” The concentration is sinaskyd on the
choice of three of the four civil engineering electives in the curriculum fromakkeb of
environmental engineering electives. In addition, students who chose the coneentratio
are required to focus their capstone senior design project on environmegiteeging
design and/or environmental and sustainability considerations. In effect, the
environmental engineering concentration is an internal arrangement in the Department.

Program assessment requires a documented assessment process thaidewdifydsg,
collecting, and preparing data to evaluate the achievements of program outcmines a
program educational objectives. Furthermore, program assessmentas neeaddicate

the level to which the program outcomes are being achieved, with eviteatcéhe
assessment results are applied to further develop and improve the progesefore, the
main purpose is to assess whether a program is meeting its etgtamlives and
achieving the learning outcomes and that there is a rational basis on prbgtam
revisions and improvements can be based.

The following sections describe a comprehensive assessment process sbdthy the

CEE Department at the UOS in assessing its undergraduate academampirfogr
meeting program objectives and achieving stated learning outcongesy3tem provides
two levels of assessment: course and program; and includes collectiagiziong and

analyzing data for each program educational objective or program outcome.

DEPARTMENT MISSION AND PROGRAM EDUCATIONAL OBJECTIVES

Outlining a realistic vision and developing a mission statement are amefigst steps
for any academic department. To achieve and realize the mission, theanprogr
educational objectives (PEOs) should be extracted from the mission statemeahte On
other hand, accrediting bodies, such as the UAE’s CAA and ABET, require that programs
satisfy certain criteria and demonstrate the achievement of specific @stcohe criteria
usually pertain to the desired standards that a program should meet.

The mission of the CEE Department at UoS is to support the developmentofhdlees
United Arab Emirates community and the region through providing quality edoghatio
programs, contributing to the discovery and application of knowledge thnasgarch,
and serving the community and the Civil Engineering professibhe undergraduate
civil engineering program at the UoS aims to produce graduates who:

PEO(). are prepared to practice the civil engineering profession responsibly for
the benefit of the community.

PEO(J. will achieve, upon few years of practice, levels of technical knowledge
and professional expertise necessary for career advancement and
assuming leadership positions in the Civil Engineering profession.

PEO(3. will pursue scientific inquiry and lifelong learning opportunities, such as
self-directed learning, graduate studies, participation in professional
activities, and continuing education.
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The linkage between the Civil Engineering Program Objectives and the undetgradu
educational missions of the College of Engineering and the University ofaBhiarj
shown in Figure 1.

Achievement of the
Undergraduate Educational
Mission of the University,

Achievement of Achievement of the mainly:
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the College of Education and Learning
Engineering, mainly: Experience of the Highest
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the PEOs of other Purposeful and Platform of Academic and
Engineering Quality Engineering Professional Programs;

Programs Education. and.

e  Contributing to the
Advancement of Learning
and to the Development of
Human Resources in the
Emirate of Sharjah and the

Figure 1: Linkage between the Civil Engineering Program Educational Objectives and
the College and University Undergraduate Educational Missions.

PROGRAM EDUCATIONAL OBJECTIVES ASSESSMENT

The CEP employs a number of tools to assess the achievement of the Program
Educational Objectives (PEOs) and Program Outcomes (POs). For the past 10 gears, th
Department has used a well-established tool to assess the achievement of the PEOs and
the program outcomes (POs) in every assessment cycle [1-4]. The assessment tools f
both the PEOs and POs can be classified under the following two categories:

1. Internal assessment, which is mainly focused on assessing the ofvel
achievement of the courses learning outcomes and hence the program
outcomes; and

2. External assessment, which is mainly related to assessing the adequacy,
relevance and degree of achievement of the PEOs and POs.

The following assessment tools are used by the CEP to directly #sseshievement of
the PEOs:

1. PEOs Survey
2. Alumni Survey
3. Employers Survey
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In addition, the following assessment tools are used by the CEP and areghsidbe
indirectly related to assessing the achievement of the PEOs:

1. Exit Survey of Graduating Students
2. Internship (Student Training) Survey by Employers

Therefore, the results of these five surveys were utilized to assess theadrieof our
PEOs. The results are described in the following section.

PEOs Assessment Results and Discussion

In this section, the PEOs assessment results are discussed and appropriate coaotusion
made. It is worth mentioning that the assessment results were normalized onna 4-po
scale, with the minimum achievement level set to be 2.0 (C grade).

PEOs Survey Results

The PEOs Survey involved asking the relevant program constituency (prospective
students and their families, students in the program, members of DepartnwsunAd
Board, employers, alumni, and faculty members) direct questions relatedeto th
following:

1. Adequacy and relevance of the proposed PEOs,
2. Level of achievement of the PEOs, and
3. Achievements of alumni a few years after their graduation.

The following two questions in the survey for example relate to assessingetvee of
the constituents on the adequacy and relevance of the PEOs:

Question 1. How well do our PEOs reflect your ideas of what a civil engineering
program should prepare its graduates to achieve? Also, to what degree
do you consider our PEOs to be relevant?

Question 2. Do you consider our PEOs helpful for meeting the career goals of our
graduates?

A summary of the answers provided by the CEP constituents on theaayegud
relevance of the PEOs are shown in Figure 2 for PEO(1), Figure 3 @(2E&nd Figure
4 for PEO(3).
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Figure 2: Adequacy/Relevance of PEO(1) According to the Responses to Quédstions
and 2 Received from the Program Constituencies.
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Figure 3: Adequacy/Relevance of PEO(2) According to the Responses to Qudstions
and 2 Received from the Program Constituencies.
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Figure 4: Adequacy/Relevance of PEO(3) According to the Responses to Quédstions
and 2 Received from the Program Constituencies.
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The results clearly show that the level of agreement/satisfaction with the three PEOs was
in the range of 2.4 to 3.7 (out of 4); all are well above our mininsatsfactory
threshold of 2.0 adopted for the CEP. The results also indicate more satistdctie
program constituents with PEO(1) and PEO(2). As shown in Figuilee4prospective
students and their families indicated a relatively lower level of satisfaction with PEO(3),
which is understandable considering that their immediate concerns may be diffanent th
those of the other constituents. On the other hand, the faculty member®eptmement
consider PEQO(3) to be of high importance to the graduates and as sucéfforbsewill

be spent on educating students on the value of pursuing scientific inqdirjfedong
learning opportunities, such as self-directed learning, graduate studies, participation in
professional activities, and continuing education.

The achievement of the PEOs was assessed based on the responses received from the
CEP alumni and their employers on the relevant questions in the surveyraargzed

in Figures 5 and 6, respectively. As the data in Figure 5 indicate, the alumnihated
achievement of the PEOs in the range of 2.7 to 3.1 out of 4.0. Thisoleachievement

is considered satisfactory given that the survey was conducted during thefpbak
economic downturn when some of our alumni lost their jobs, or ¥egoed to accept
significant salary cuts, or had to change their jobs. Similarly, Figure 6sstiat the
employers of our graduates rated the achievement of the PEOs, based on their
knowledge of our graduates, in the range of 2.8 to 3.3 out ofklgbtly higher than

what our alumni indicated.

In addition and during the same PEOs Survey, our alumni were asked to dmswer
following questions on a Yes/No basis (and also to provide relevant informatiah abo
positions held and experience accumulated):

Question 1. | am fully considered as a practicing engineer in the organization.

Question 2. | uphold the principles of ethics and responsibility towards the profession
and the wider society.

Question 3. | have achieved, upon few years of practice, levels of technical
knowledge and professional expertise suitable for career advancement;

Question 4. | have achieved, upon few years of practice, levels of technical
knowledge and professional expertise necessary for assuming a
leadership positions

Question 5. | am pursuing scientific inquiry and lifelong learning opportunitsesh
as self-directed learning, graduate studies, participation in professional
activities, and continuing education.

Figure 7 summarizes our alumni answers to these questions. With positive (Yes)sans
ranging from 80 to almost 95 percent, our graduates believe that they haveddarev
important degree of self-confidence in their abilities and the recognition thepdeel
practicing engineers. This result is very encouraging and confirms the agequac
relevance and achievement of our PEOs.
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Figure 5: Achievements of PEOs Based on Alumni Responses.
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Figure 7: Alumni Professional Achievements Based on Responses to the Below
Questions in the PEOs Survey.
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Alumni, Employer, Exit and Internship Surveys Results

In addition to the PEOs Survey which was specifically conducted to assess the relevance,
adequacy, and achievement of our PEOs, the Department conducts an Alumni Survey
every accreditation cycle to establish the degree of achievement of the PEOs and POs.
The alumni survey asks a total of 39 questions across the followingsbues:

1. Satisfaction with education at the University of Sharjah;
2. Acquired knowledge/competencies/skills/abilities; and
3. Self-assessment and confidence.

The data in Figure 8 indicate that the weighted average responses to questions addressing
the three issues listed above. The results clearly indicate that the level of achievement of
all PEOs were above 2.5 out of 4.0, well above the program minimum adeeptab
achievement threshold of 2.0.

The Employer Survey includes 14 question linked to the program PEOs. The data
Figure 8 show the weighted average responses to the 14 questions. The reshyits clea
indicate that the level of achievement varies in the range of 2.75 to 3 o(alwdvke C+),
which is well above the program minimum acceptable achievement threshold dft0.
results indicate that the employers were satisfied with the performance of thanprogr
alumni as practicing engineers.

The Exit Survey contains questions that directly and indirectly addred380s. The
summarized results of this survey are shown in Figure 8. The rehdtg that the
satisfaction level of the graduating students indicates that the PEOs were matelgequ
(between 2.5 to 3 out of 4).

The Internship Survey involved a total of 16 questions to empleygetvisors related
to the following two issues:

1. General Impressions about students' preparation; and
2. Students' skills and abilities.

A summary of this survey results is shown in Figure 8. The leveE@s achievement
was above 3.2 (above B), thus reflecting the employers' satisfaction wigntstugork,
attitudes and skills as trainees.

A summary of the PEOs assessment results discussed in the above sub-gections
presented in Figure 8. In conclusion, the results clearly indicate that the PEOs are being
satisfied adequately, with the achievement level being between 2.5 to above 3out of
The results of the students' internship and employers surveys starighast lamong the
survey results.

Since the program PEOs are new and given that assessment results indicated that these
PEOs were relevant, adequate and achieved satisfactorily, the Department will maintain
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these PEOs for at least a few years before they are reassessed, unless thereris a majo
reason requiring that they be considered sooner.
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Figure 8. Summary of Achievement of the PEOs Based on the Combined Results of all
Surveys.

PROGRAM LEARNING OUTCOMES ASSESSMENT

While students are expected to gain the benefits of the PEOs as a result of theirreducatio
and accumulating engineering experience a few years after graduation, outcomes are
those abilities that students are anticipated to possess upon graduation. The Civil
Engineering Program adopted the ABET (a - k) POs as follows:

Upon completing the Civil Engineering Program at the University of Sharjatherdsu
should attain the following outcomes:

(&) an ability to apply knowledge of mathematics, science, & engineering.

(b) an ability to design & conduct experiments, as well as to analyze &rieterp
data.

(c) an ability to design a system, component, or process to meet desidsd nee
within realistic constrains such as economics, environment, social, political,
ethical, health and safety manufacturability and sustainability.

(d) an ability to function in multi-disciplinary teams.

(e) ability to identify, formulate & solve engineering problems.

(H an understanding of professional & ethical responsibility.
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(g) ability to communicate effectively.

(h) the broad education necessary to understand the impact of enginekriiogso
in a global, economic, environmental and social context.

(i) arecognition of the need for & an ability to engage in life-long legrnin

() a knowledge of contemporary issues.

(k) an ability to use the techniques, skills & modern engineering healsssary for
engineering.

The program POs are linked and lead to the achievement of the PEOs, as stimavn in
following table:

Table 1. Mapping of PEOs Against the POs.

POs PEO1 PEO2 PEO3
a v v
b Y v
c v v
d Y v
e Y S v
f Y S v
g S v
h Y S v
i Y v v
j Y S S
k Y v v

PROGRAM OUTCOMES (POs) ASSESSMENT

The system used to assess the achievement of the program outcomes relies og obtainin
feedback from the program constituents using a variety of tools. sy$tism consists of
two assessment levels, which are:

1. Course level assessment
2. Program level assessment

The elements of the course and program assessment are summarized in Tablgs 2 and
respectively. The assessment tools can also be classified under the following two
categories, internal and external. Internal assessment is mainly focused on assessing the
level of achievement of the courses learning outcomes and therefore the program
outcomes. External assessment is related to assessing the adequacy and relevance of the
program and the degree of achievement of the PEOs and POs.
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Table 2: Elements of the Course Level Assessment

Item Direct Course Level Assessment
Objectives Assess the achievement of the course learning outcomes (CLOS).
Person in Charge  Course Instructor and Course Coordinator
Coordination Instructor/Coordinato> Assessment Coordinator in Department
Chairman/Accreditation Committeg Department Council of Faculty
Members
Assessment o Level of achievement of course learning outcomes from instructor
tools/indicators of view.
o Level of achievement of course learning outcomes from student foi
view.

e Degree of coverage of course contents from instructor point of view

¢ Relation of individual assessment questions/items to course learnin
outcomes.

¢ Achievement of course learning outcomes based on students' grad:
assessment items.

¢ Identification of issues of requiring improvement.

¢ Proposals for improvements based on assessment results.

e Students' evaluation of courses and instructors.

Frequency Every time the course is taught.

Outcome Course Learning Outcomes Assessment Report.

Table 3: Elements of the Program Level Assessment

ltem Program Level Assessment

Objectives Assess the achievement of the program outcomes (POSs).
Person in charge  Assessment Coordinator in Department/Accreditation
Committee/Department Chairman
Coordination Assessment Coordinator in DepartmentChairman/Accreditation
Committee/Department Council of Faculty members
Assessment Tools e Coverage of program learning outcomes based on course learning
outcomes.
¢ Achievement of program learning outcomes based on course learni
outcomes assessment results.
o Alumni survey.
e Employers survey.
o Exit survey of graduating students.
o Feedback from visiting/invited experts, including reports of visiting
accreditation teams.
o Feedback from department advisory board.
e Students' internship/training survey by employers.

Frequency Varies from every semester (i.e., Exit Surveys) to every few years (i.e
Employer Survey).
Outcome Assessment Reports as Appropriate.

The feedback obtained using the various tools is typically analyzedsaualdto identify
improvements. The system that is used by the Department to commeteothis
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summarized in Table 4. It should be noted that the feedback obtairedhevyears
confirmed that the POs were being met adequately. Nevertheless, significant
improvements were introduced to the program to balance the cumicuespond to
changes in the body of knowledge, and enhance compliance with theahotABET
accreditation requirements.

PROGRAM OUTCOMES ASSESSMENT RESULTS AND ANALYSIS

The following is a summary of the feedback obtained using the varioessasant tools
discussed previously. In analyzing the results, the relationships of the gsiéstide

different surveys to the POs were established then the level of achievement of the POs
were based on the number of constituents responding, the average assessment they
assigned, and the weights assigned to each question. The assessment results were
standardized to a scale ranging from 0 to 4, with a threshold of 2.Qeddap the
minimum acceptable achievement level in terms of meeting any of the POs. Failing to
achieve the minimum acceptable achievement level of 2 is of major concern ajmra m
trigger for introducing the necessary improvements.

Direct Assessment of POs and Course Learning Outcomes (CLOS)

For the past 10 years, the Department has used a well-established tool tohessess t
achievement of the Courses Learning Outcomes (CLOS) every tiomairae is taught.

The tool has been recently upgraded, as described in this article (Shanat8§ho200
provide a direct assessment of the achievement of the CLOs and théref®@s based

on a number of indicators. An example to illustrate the upgraded @&sessment tool

is presented in Figure 9 to Figure 11 for one of the courses taughy theifall semester

of 2009/2010. The assessment tool, which utilizes an Excel spreadshestataally
generates a report in two parts: Part 1 is shown in Figures 10ah@ B shown in
Figure 10. In Figure 9, the course data and CLOs are mentionetthdinsthe assessment
summary is presented using the following seven performance indicators:

Indicator 1. Level of achievement of CLOs based on students evaluation of CLOs
achievement. The indicated results are based on a students' survey that
is conducted at the end of the semester to determine the level of
achievement of course learning outcomes from the students point of
view.

Indicator 2. Level of achievement of course learning outcomes from the instructor's
point of view.

Indicator 3. Direct assessment results, which reflect the achievement of the CLOs
based on students' grades on the various assessment items. The
assessment items can be as detailed as the individual questions on the
exams and assignments. These assessment results are calculated based
on students' achievements on each assessment item that addresses each
of the CLOs. The calculations behind these numbers are extensive.
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Table 4: Assessment System and Outcomes-Completing the Loop.

Area for Improvement

Responsibility

Frequency Documentation

Outcomes

Course Level Assessment

Routine Issues-

Examples:

- Text book issues

- Students'
assessment issues

- Coverage of course
content

- Appropriateness of
teaching material

- Teaching
approaches

- Students
performance.

Major Issues-
Examples:

- Students
dissatisfaction with
instructor

- lrregular grades.

- Consistent lack of
achievement of
CLOs over few
assessment cycles,

Routine
issues:
course
instructor/
course
coordinator

Major issues:
department
chairman/
department
council/colleg
e dean

Routine

issues:

Every time

the course

is taught Course
learning
outcomes
(CLOs)
assessment
report(s) kept
in course files
Students'

Major evaluation of

issLes: courses and
instructors kept

as )

necessary with
department and
college

Enhance students'
teaching and learning
experience.

Maintenance of
quality of course and
course delivery

Achievement of
CLOs

Overall satisfaction of
students

Program Level Assessment

Other Program Issues:

- Adequacy and
relevance of POs
and PEOs.

- Lack of
achievement of
PEOs and POs

- Need for program
modifications to
meet requirements
of accreditation/
changes in body of
knowledge/
benchmarking/
assessment results
etc

Department
chairman/
undergraduate
program
committee/
Accreditation
committee/
department
council of
faculty
members

Whenever Raw data

the case for (completed

improveme survey forms)

nt becomes

well Data analysis

established reports.

Every Program

accreditatio modification

n cycle reports/ request
forms
Related

communication
s and approvals
of changes

Significant
improvements
introduced, as
described under
Criterion 4-
Continuous
Improvement.

Results of
improvements-
meeting accreditation
requirements;
balancing the
curriculum (i.e.,
coverage of technical
and non-technical
content); improving
chances for achieving
program outcomes
and educational
objectives.




QUALITY ASSURANCE IN ENGINEERING EDUCATION 103

Under the assessment summary in Figure 9, the distribution oégad the various
assessment items is indicated. This particular course is a design-basedtltaturse
involved three design projects and a final exam. Below the distnibofigrades, the
performance of students (average grades) on the individual ass¢ss#ems is
summarized.

The second page of Part 1 of the report is shown in Figure 1€ewthe various
guestions on the different assessment items are linked to the CLO®s"As'generated
automatically and indicates that the question addresses the particular CLO @bthdev

is judged by the instructor to be equal to or above 3.5 out oTh8.threshold of 3.5 was
chosen to ensure the significance of the links established between thienguast the
CLOS. This linking provides the basis for assessing the balance in cotreri@g Os in

the assessment and is used to estimate the level of achievement of couigg lear
outcomes based on students’ grades on assessment items.

The first page of Part 2 of the report is shown in Figure 1he Jheet shows the
distribution of the students grades and the links between the séwamantioned
indicators and the POs. The second page of Part 2 of the report (Figuedtdcally
shows the level of achievement of the CLOs and the POs (as a peseydotabe cours
at the end of the semester.

It should be mentioned that regardless of how accurate or representatisstgssment
system is, it provides faculty members and the Department with arsjgteway to
assess the achievement of the CLOs and the POs.

The Department’s assessment coordinator compiles the assessment results for all courses
taught throughout the academic year. Using the data in the individual essessment
reports, the level of achievement of POs are estimated for each indicataexaRuople,
the degree of achievement of the POs based on Indicator 3 (studedes)gis presented
in Figure 13. This indicator provides a direct measure of the achieverhémre CLOs
based on student performance (i.e., grades) on the various assessngeint kenctourse.
It should be noted that the results of Indicator 3 assessment generallyutemgtie
lower bound for the aforementioned seven indicators.

As shown in Figure 13, it can concluded that based on Indicattwde(ds' grades), our
POs have been achieved adequately, with a level of achievementrokiagely 2.5
(C+). The results of the other indicators showed a much higher leR@oachievement.

Exit Survey Results

The Exit Survey contains questions that directly and indirectly addnes®Os. The
linkage between the survey questions and the POs is shown in Tal#le §hown in
Figure 14, the student responses to most outcomes averaged abovec2 Sndieating
that the POs were adequately satisfied. It is worth mentioning that the ExéySsrv
being updated to ask more direct questions related to the achievement of the POs.
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UNIVERSITY OF SHARJAH
COLLEGE OF ENGINEERING
Department of Civil & Environmental Engineering
Course Number: 401464 Credits: 3 |Scssion: Spring 2009-2010
Course Title: Special Topics in Water/Environmental Engineering
Prepared by: Dr. Abdallah Shanableh
Compared with Planned Degree Contribution to Is;utc:me
rectly
Outcome No. Course Learning Outcomes-6 Max Sty Cerrees of Coverage in CETE g Ty assessable
offered Course Syllabus atok Program
Internationally Outcomes | Using p'°|°°:'s'
know ledge of selected principles of hydraulics and hydrology
CcLO 1 relevant to developing preliminary design of w ater distribution, Yes Yes ae Yes
w astew ater collection, and storm w ater draining infrastructure i
systems.
Ability to develop preliminary design for a w ater distribution c. de h k
CLO 2 system through applying relevant hydraulics principles and Yes Yes » 0.8, G, T, K, Yes
taking into account relevant design considerations. 9(@)
Ability to develop preliminary design for a w astew ater
cLo 3 collection system through applying relevant hydraulics Yes Yes c,de, g, hk, Yes
principles and taking into account relevant design 9(a)
consi i
Ability to develop preliminary design for a stormw ater
cLO 4 drainage system through applying relevant hydrology and Yes Yes c,de, g, hk, Yes
hydraulics principles and taking into account relevant design 9(a)
consi i
Did you ensure that coverage of course material match course/program outcomes Yes
Did you design your exams/assignments/activities to meet stated course coutcomes Yes
Did you fill the that relates i and requirements to program outcomes Yes
Overall Assessment Results
Students' Relative Direct Relative Deg.ree Relative Average of Average
No. Evaluation of Instructor Assessment of Adderssing C of A Grade
Outcome Evalution of Results (same Outcome in Outcome Results IGouras
i of as line 42)
CLO1 74 75 77 100 70 79 75
CLO2 77 80 74 83 80 79 75
CLO3 74 75 69 83 75 75 75
CLO4 77 75 77 83 75 78 75
Note: Copy Dow n E;.oo NOJ C‘og;/” E?oo "DJ C|og:" Note: Copy Dow n
Notes Last Cell (above) :br;v:jor ;Vbr;v:s'or Last Cell above for
for Additional CLOs Additional CLOs Additional CLOs Additional CLOs
Average 76 76 74 88 75 78 75
Direct Assessment
Assessment ltems Project 1 Project 2 Project 3 Final Exam Other Total
Out of (%) 20 20 20 40 100
Overall Grades Per
Item CLO1 CLO2 CLO3 CLO4 CLO5 CLO6
Project 1 76.9 76.9
Project 2 80.4 80.4
Project 3 83.1 83.1
Final Exam 66.9 708 58.4 716
Other
Avge Level of Sluze\nls Achievement 77 74 69 77

Figure 9: First page of part 1 of the CLOs assessment report.
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Relationship of Exams/Assignment/Projects, Questions to Course Learning Outcomes

Project 1

Per

ltem

CLO1

CLO2

CLO3

CLO4

CLO5

CLO6

Project 1

Yes

Yes

Q2
Q3
Q4
Q5

Q6

Q7

Q8

Q9

Q10

Level of Students Achievement (%)

0.0

0.0

0.0

0.0

Project 2

ltem

CLO1

CLO2

CLO3

CLO4

CLO5

Project 2

Yes

Yes

Q2
Q3
Q4
Q5
Q6

Q7

Q8

Q9

Q10

Level of Students Achievement (%)

0.0

0.0

0.0

0.0

Project 3

Item

CLO1

CLO2

CLO5

Project 3

Yes

Q2

Q3

Q4

Q5

Q6

Q7

Q8

Q9

Q10

Level of i (%)

83.1

0.0

0.0

83.1

0.0

0.0

Final Exam

Per

Item

CLO1

CLO2

CLO3

CLO4

CLO5

CLO6

Qal

Yes

Yes

Q2

Yes

Yes

Q3

Yes

Yes

Q4

Q5

Q6

Q7

Q8

Q9

Q10

Level of Students Achievement (%)

0.0

0.0

Other

ltem

CLO1

CLO2

CLO4

CLO5

CLO6

[e}]

Q2

Q3

Q4

Q5

Q6

Q7

Q8

Q9

Q10

Level of Students Achievement (%)

0.0

0.0

0.0

0.0

0.0

0.0

Required Documentation

1 Teaching material related to each outcome

2 Assessmentitems related to each outcome

3 Gorrected students work related io each outcome, showm% clear feFd ?ack to students to redo work and get correct answer




University of Sharjah
College of Engineering
Instructor Assessment of the coutse and the learning objectives
Course Code: | 401464 | Course Name: | Special Topics in Water/Environmental Engineering|
Department: | Civil EnvEng | Semester/Year: I Spring 2009-2010
Instructor's Name: | Dr. Abdallah Shanableh |
The following information should be supplied basedn the FINAL ROSTER of grades issued by the Regisar.
1 Number of students who received W. 0
2 Number of students who received WP 0
3 Number of students who received WF 0
4 Number of students marked with | 0
5 Number of students marked with AU 0
6 Total number of students who failed the course 0
7 Number of students (excluding 1-5) who missed thalfExamination 0
8 Number of students (excluding 1-5) who took theaFiExamination 35
9 Total number of students 35
w = Withdranm P = In Progress wp = Withdrann with Pass 4
IC = Incomplete AU = Audit WF = Withdrann with Fail
I, DISTRIBUTION OF GRADES
GRADE A B+ B C+ C D+ D F |
# Students 0 4 8 6 9 6 2 0 0
% Students 0.0 114 229 17.1 257 17.1 57 0.0 0.0
Lewvel of Achievement of Program Learning Outcomes
Relative Direct Relative Average
Target Level of Students' | Instructor | Assessment| Degree of [ Relative | Average of Students!
Undergraduate program objectives* Evaluation |Evalution of [ Results | Adderssing | Coverage of | Assessment| N
Address . ; Grade in
of Outcome |Achievement (same as [Outcome in | Outcome Results Course
of Outcome| line 42) | Assessmen
a 1 0.76 0.76 0.74 0.88 0.75 0.78 0.75
b 0.00 0.00 0.00 0.00 0.00 0.00 0.00
c 1 0.76 0.76 0.74 0.88 0.75 0.78 0.75
d 1 0.76 0.76 0.74 0.88 0.75 0.78 0.75
e 1 0.76 0.76 0.74 0.88 0.75 0.78 0.75
f 0.00 0.00 0.00 0.00 0.00 0.00 0.00
g 1 0.76 0.76 0.74 0.88 0.75 0.78 0.75
h 1 0.76 0.76 0.74 0.88 0.75 0.78 0.75
i 0.00 0.00 0.00 0.00 0.00 0.00 0.00
j 1 0.76 0.76 0.74 0.88 0.75 0.78 0.75
k 1 0.76 0.76 0.74 0.88 0.75 0.78 0.75

Figure 11: First page of part 2 of the CLOs assessment report.
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Course Contribution to Achieving Pogram Outcomes u Students Evaluation of Qutcome

1 1 Relative Instructor Evalution of
mDirect Assessment Results (same aslineg|
42

AchievementofOutcome
, 1 | L. .8

Relative Degree o fAdderssing Outcome
in Assessment

05 -1 mRelative Coverage of Outcome
Average of Assessment Results

mAverage Students’Gradein Course
0 T y ¥ u
c d e g h j k

Level (%) of Achievement of Course Learning Qutcomes

100 ®Students' Evaluation of Outcome
90
a0 T Relative Instructor Evalution of
= AchievementofOutcome
n wDirect Assessment Results (same as
60 i line42)
50 ®Relative Coverage ofQutcome
40
30 wAverage ofAssessmentResults
20
10 Average Students'Gradein Course
0 " - .
wRelative Degree ofAdderssing
CLO1 CLO2 CLO3 CLO4 Outcomein Assessment
SYNOPSIS OF Students’ remarks (BAS ED on course evaluation or other sources)
INSTRUCTOR'S REMARKS
1 Group Work: Stiong students camed weak. Weak students did not leam as much as expected.
S 2 No midiern exams: meant that students were nol pressured to study and did not have a chance to check
op 3 Issues their und &
3 Need to balance team work with indridual students” work
| Consider Introducing a Mid-Terrns Exam
Specific
Improvments 2 Require All to Produce Calc L Individually
Suggested
3 Overall: good course that is needed by students
Instrucior Signathmre: Date:
ICoarse Cooninator Signatuwe: Date:

Figure 12 Second page of part 2 of the CLOs assessment report.
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Figure 13 Assessment of POs Based on Achievement of CLOs, which are Based on
Students' Grades During 2028410
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Figure 14: Achievement of th POs Based on the Results of the Students’ Exit Survey.
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Student Evaluation of Courses and Instructors

The student evaluation of courses and instructors is conducted for alesairshe
University, and it is typically conducted by the University's Assestrifmit. The
evaluation results are forwarded to the college dean, department chairrdathean
instructor. A summary of the evaluation results in terms of achiaveofiche POs are
shown in Figure 15. The average student responses to most eatemre above 3.2,
indicating general student satisfaction with their instructors and teaelitidearning
experience in the different courses.

4.0

Student's Evaluation

e

30 BB

25 -J---------H----- -

20 |- B - ---- R ---- R - --- R ---- . ---- R - ---- EEEE

15 BB

10 --S----E-----E-----B--BR R

Level of Achievment

os -

0.0 -

Figure 15: Achievement of the POs Based on the Results of the Students’ Evaluation of
Courses and Instructors.

POs Assessment Based on the Alumni Survey Results
The alumni survey asks a total of 39 questions across the folldhvieg issues:

1. Satisfaction with education at the University of Sharjah;
2. Acquired knowledge/competencies/skills/abilities; and
3. Self-assessment and confidence.

A summary of the survey results is presented in Figure 16. Thitsrelarly indicate

that the level of achievement varies in the range of 2.5 to 3 (abovan@-$ well above

the chosen minimum acceptable achievement threshold of 2.0. Waiklkitevement
results in Figurel6 are above satisfactory, the Department aspires for better results and
remains committed to achieving further improvements.
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Figure 16: Achievement of the POs Based on the Alumni Survey Results.

POs Assessment Based on the Employer Survey Results

The employer survey asks a total of 14 questions linked to the POs. Aasuwitthe
Employers Survey results is presented in Figure 17. The results clearly indicates that
level of achievement of the POs was about 2.5 (C+) and is above the minimum
acceptable achievement threshold of 2.0. The results also indicate that the respondent
employers were generally satisfied with the performance of our graduates.

Internship/Training Survey Results

The Internship Survey asks employers/supervisors a total of 16 aqusestiout two main
issues:

1. General Impressions about students' preparation; and
2. Students' skills and abilities.

Figure 18 presents a summary of the assessment of POs based on the intervesphip s
results. The achievement results are in the range of 3.1 to 3.3 (above B), whizditesd
a high level of supervisors' satisfaction with our students while in training.



QUALITY ASSURANCE IN ENGINEERING EDUCATION 111

4.0
Employer Survey

I
o

»
o

Level of Achievment

POs

Figure 17: Achievement of the POs Based on the Employers Survey Results.
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Figure 18: Achievement of the POs Based on the Internship/Training Survey Results.
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Department Advisory Committee Survey Results

A survey was conducted in which the members of the DepartmensdkgvBoard
(DAB) were asked about their assessment of achievement of the POs, babedr on
knowledge of the program and its graduates. Figure 19 presemsraguof the survey
results. The achievement results were in the range of 2.3 to 3.0 (C to B).

A summary of the results discussed above is presented in Figure 20estitis clearly
indicate that the set minimum achievement threshold of 2.0 has been met and even
exceeded (results in the range of 2.3 to above 3.0).

Obviously, the Department aspires for better performance and therefore is strategically
looking at raising the minimum achievement threshold to above 2.0 (for exarbpbeit

of 4). Although the assessment results in Figure 20 indicate that an achievemeuit level
2.5 is already being met, adopting a threshold of 2.5 demands that we dRkeeed
threshold and as such can serve as an extra incentive for the Department to excel.

ACHIEVEMENT OF PROGRAM CRITERIA

The ABET criterion 9 is called program criteria. The program criteria stipulates a
number of requirements that must exist in a program. Some of thetampissues to
note when addressing some of the program criteria are the following:

1. The program must demonstrate that the program criteria are met by virtue of
curriculum design, with associated evidence and direct student performance
indicators

2. All of the curriculum-related program criteria must be achieved by individual
graduates, as evidenced by the official students transcripts.

SUMMARY AND CONCLUSIONS

Considering performance criteria, practices and strategies, conflicting expectatibns
requirements of constituents, and program objectives, it becomes inchedsfificult to
assess the performance of academic programs using the input fromiffdrent
constituents. Since the assessment data has to be repeatedly collected, organized and
analyzed during different assessment cycles that may last for a nofmpears, it is
essential to adopt systematic procedures for analyzing, summarizing andtiegathe
collected data that should be used to as the basis fetogimg academic program’s
improvement. The CEE department at the University of Sharjah utilizemplexo yet
comprehensive system for properly collecting, analyzing and interpretity @he
system was used successfully in two accreditation cycles and gainedccgootents
from the accrediting teams that visited the Department and assessed ismpropge
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system however requires significant resources and commitment fronmstitaents, and
strong support from other university units and senior admatistr.
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Figure 19: Achievement of the POs Based on the DAB Survey Results.
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Figure 20: Summary of the Program Learning Outcomes Assessment Results
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COURSE BINDER PREPARATION ACCORDING TO ABET EC-
2000 - A CASE STUDY FROM THE ARABIC REGION

Maged H. Hussein
Civil Engineering Department, Faculty of Engineering,
King Abdul-Aziz University, Jeddah, Saudi Arabia

ABSTRACT: The instructor of a course must evaluate studgmsformance and monitor the
students' progress to foster their success in ggtgecourse learning outcomes, thereby enabling
them as graduates to attain the related prograntomgs. ABET EC-2000 addresses the
effectiveness of engineering education programfobysing on assessment and evaluation process
that assures the achievement of educational obgsind outcomes. Course level activities are the
heart of the process in which a program has tes§aABET EC-2000 requirements. This paper
documents how several of the ABET EC-2000 critari@ satisfied and how they are in turn used in
creating Hydrology and Water Resources Engineecmgse binder to achieve specified outcomes
and continuous improvement of the course. The @wassessment and evaluation phase was
enhanced by using a programmed Excel workbook,edaH|-CLASS. It is developed by the
Accreditation Unit of the Faculty of Engineeringking Abdul —Aziz University. An instructor of

a course can easily evaluate his class achievenegairding a continuous improve of the course
offering. By the end of the semester, the instruotdll have documented results of the class
achievement and the course contribution to theeagment of program outcomes.

KEYWORDS: Course Binder; ABET EC-2000; Course Learning Otiyes; Program Outcomes.

INTRODUCTION

The Department of Civil Engineering at King Abdul-Aziz University has been TABE
accredited since 2009. One of the courses required by all students in civil énginee
program is Hydrology and Water Resources Engineering (CE 353. dt 3-credit
engineering science course. The prerequisite for CE 353 is Hydraulic852EIt is
offered every semester, with an average enrollment of about 30 students. Timeegtsss
twice a week for one hundred and twenty minutes. The paper describes hotwuatoins

of a course can efficiently use the system designed by the Academic Accreditation Un
of the Faculty of Engineering at King AbdulAziz University to prepare his course
binder. The objectives of this paper are to design the course, to assess ¢m¢ stud
learning, to assess the achievement of the course learning objectives (CLOs) atel to wr
the assessment and improvement report according to ABET EC-2000 reqtsremen

To ensure the achievement of the CLOSs, the instructor should prepare a ¢anraedp

view the CLOs as a list of skills and topics that the student must learn in the course.
Under ABET EC-2000, courses must be taught and assessed with the achi@fahent
CLOs and the program outcomes (POs). The course documentation requires centinuou
improvement each semester and from instructor to other [1].

The instructor should evaluate the course achievement of the CLOs. If the assessment
tool results demonstrate that students learned the skill, the CLO is achieved. Egén thou
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the CLO has been achieved, the learned skills should be reinforced to etsat®n as

the course progresses. If the assessment tool results demonstrate that students have no
learned the skill, the CLO has not been achieved. In this case, the instructoeviaes

his teaching plan and adjust it until student learning of the CLO is achievedeiiked

plan could include adding supplemental instruction and making more assignments
covering the CLOs not met. The revised plan must include further assessmensialfl th

The cycle is then repeated throughout the course. Creating the course biadeiete
specified POs requires effort in three domains. These are described next andrshow
Figure 1:

1. Planning (identifying course content and definingasurable CLOs for it);

2. Instruction (selecting and implementing the methaldat will be used to
deliver the specified content and facilitate studewhievement of the
objectives); and

3. Assessment and evaluation (selecting and implemgritie methods that will
be used to determine whether and how well the objestiave been achieved
and interpreting the results).

The three stages are not purely sequentiné information collected in each of them
feeds back to each of the others in a cycle that leads to continuous impmby2me

Eloom's
Taxonamy
Program Instructor's
autcomes goals

Course Learning Outcomes

Taxonamy

Instructional - ‘“-\\ Classroom

(Studentv assessment

Lectures — technigues
Instruction ¢ » A ment

Problem- |
based Tasts Surveys

learning Other
measures

Figure 1: Course outcomes related domains planning, instruction and assessment
ASSESSMENT PROCESS

The course assessment and evaluation process involves two main processes [3]:

a) Course design process.
b) Course assessment and evaluation process.



QUALITY ASSURANCE IN ENGINEERING EDUCATION 117

The ABET committee of the civil engineering department has adopted the following
course design process for all courses of the program to satisfy the BBR2U00.

CE 353 Course Design Process:

Define the CE 353 Course Learning Objectives (CLQgpximum 6 CLOS):
Using descriptive process verbs related to differaagnitive levels of learning
[4] is highly recommended. Those verbs are goodmas of observable action
verbs suitable for course learning objective. Thiso indicate the required levels
of learning. By the completion of the course, thedsnts should be able to:

1. Identify the Importance of water for human activities and the water Esur
engineering.

Understand and review the global water resources especially in Saudi Arabia.
Identify General requirements of water (quantity & Quality).

Define the Global Hydrologic Cycle and calculate its items in Saudi Arabia.
Analyze the rainfall and runoff data.

Identify technical, economical and social factors affecting dam type, site
selection, forces of gravity dams and factors cause dam failure

oA wWN

Relate the CLOs to Program outcomes (POSs)

Define highest attainable Level of learning (LOlgr feach Outcome: The LOL
for three hundred level course is varied between®4(application and analysis)
as shown in Table 1. Where numbers in the table refer to the leleglroing (LOL)
according to Bloom's Taxonomy [5] as follows:

1: Skill Level (Knowledge), 2: Skill Level (Comprehension), 3: Skékel (Application),
4: Skill Level (Analysis), 5: Skill Level (Synthesis) and, 6: Skill Level (Haton)

Relate the course topics to the CLOs: The couraenieg objectives has to be
satisfied in the course topics as explained ingabl

Determine Instructional Tools to measure CLOs: Stutkarning outcomes will be
measured through the following direct assessment tools:

1. Quizzes:Three major quizzes will be held during the semester. Students will be
aware of what are the learning objectives which are assessed by each quiz.

2. Homework Reports: Nine home works will be given during the course.

Assignments:Nine assignments will be given during the course.

4. Midterm Examination: A comprehensive examination will be given to the class
when around middle of the course will be offered.

w
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5. Term Paper and Presentation:Students will be divided into teams. Each team
will be asked to submit a term paper of student-formulated prabke fulfill
the CLO. Internet Web Sites, References and Text Books can to be used.

6. Final Examination: The final examination will be offered at the end and it will
be the major assessment tool for assessing student learning outcomes.

e Form Course Articulation Matrix [4] (Objectives s8essment Methods)
¢ Relate the course learning objectives with the ckdivities, in class activities
and the assessment tools as shown in the articnlatadrix in Table 3.

Table 1: CLOs — POs Matrix.

Program Outcomes 3a 3b 3c 3d 3e 3f 3g 3h 3i 3 3k

CE 353 3 4 4 3
Course Learning Objectives
CLO#1 3 4
CLO#2 3 4 4 3
CLO#3 3 4 4 3
CLO#4 3 4 4 3
CLO#5 3 4 4 3
CLO#6 3 4 4 3

Table 2: Mapping course topics to the CLOs.

H*

Topic Course Learning Objectives

1 Water Resources Identify the Importance of water for human activities and the wa
resources engineering.

2  Water Demand Identify and review the global water resources especially in Sau
Arabia.
3 Engineering Define the Global Hydrologic Cycle and calculate the Hydrologit
Hydrology items in Saudi Arabia.
Analyze the rainfall and runoff data
4  Hydraulic Identify technical, economical and social factors affecting dam
structures type, site selection, forces of gravity dams and factors cause da
failure
5 Groundwater Identify and formulate the groundwater flow, aquifers and wells
Hydrology

Course Assessment and Evaluation Process

The course assessment and evaluation process includes direct and indirect assessment
processes. The indirect assessment tools deal with three questionnaires or Jineeys

three surveys are distributed to the students by the end of the semestinstBurvey is

CLOs and Instructional Tools. The second is course evaluation surveyhifthés the

outcome survey. Surveys are indirect measures that provide secondary esiutnz#

be used in conjunction with direct measures of graded students' performance
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Table 3: Course Articulation Matrix.

Civil Engineering Department
CE-353 Hydrology and Water Resources (Course Articulation Matrix)

Course No. In Class Activities Out of Class Activities Assessment Tools

CE-353

JAssignment Reports
idterm Exam

[Solve Problems
[Take home quizzes
Oral presentaion
Field Trip
Home work no 1
Home work no 2
Home work no 3
Home work no 4
Home work no 5
Home work no 6
home work no 7
home work no 8
home work no 9
Home work no 1
Home work no 2
Home work no 3
Home work no 4
Home work no 5
Home work no 6
iome work no 7
ome work no 8
home work no 9
Final exam

| ectures
Quizes

Topics & Learning

Objectives

1 x| x| x]|x X X X x| x| x
2 x| x| x| x X x| x X[ x x| x| x
3 x| x[x]x x| X x| x x| x x| x| x
4 x| x[x]x X| X x| X x| x x| x| x
5 x| x[x]x x| X X X X X
6 x| x| x]x X| X X X| X X

The direct assessment is the key element to demonstrate satisfying the requirements of
ABET EC-2000. Assessment tools (AST) are used in the course level to befless
CLOs and POs that the course is expected to address.

The direct AST can be illustrated as follows:

1. Construct a mapping matrix relating each AST toghsposed CLO.

2. For a given AST, the score of each defined CLChm (AST-CLO) mapping
matrix is normalized by the total score of that AST

3. The student result in each AST is multiplied bywtsight factor (70%) and
then multiplied by the normalized score of that A&ddressing the same
CLO and summed up for all of the AST in order tdaob the student score
in the specific CLO.

4. Construct a mapping matrix relating each CLO to thierent Program
Outcomes PO.

5. For a given CLO, the score of each defined PO én(€LO-PO) mapping.

6. matrix is normalized by to the total score of tldtO. The resulting matrix
is CLO and PO Mapping matrix 1.

7. For a given PO, the normalized CLO scores are értiormalized by the
total score of that PO. The resulted matrix (CL@ &O Mapping matrix 2)
provides a metric score illustrating the importanf@ach CLO with respect
to the each PO.

8. The student score in CLO is multiplied by the netscore of that CLO
addressing the same PO and summed up for all ofCih@s in order to
obtain the student score in the specific PO.
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9. Apply the performance target for each CLO and P® éach course
Performance target for CLO and PO

10. The student score in each learning objective angnam outcome is at least
70% (according to the Civil Engineering departmeéecision).

HI-CLASS is an EXCEL workbook, developed by the Academic Accreditation Wnit o
the Faculty of Engineering at King AbdWlziz University, is used to carry out the
mapping of CLOs into POs and to obtain the degree of achievement of eamit stutie
POs addressed by the course [6]. The HI-CLASS contains many sheets tHa can
illustrated as follows:

Master Work Sheet

In the beginning of the semester the instructor enters the main elements of #& cour
design as explained above into a master sheet. The master sheet includes the following
elements as shown in Figures 2 and 3:

- Name of the course

- Name of the instructor

- Number of the students in the course

- CLOs and its coverage hours based on Bloom's taxonomy

- Represented POs (ABET Outcomes a, €, g, k)

- The weight of each assessment tool (AST) as a ptgerof total mark as
shown in Table 4

- Instructional and learning tools mapped to CLOs x{Tbook, Handout
lecture materials, PowerPoint Presentations, Intesaarch)

- Students' name list and students' attendance on session bases (if desired

- Passing criteria for course learning objectives and program outcomes (default
values are 0.7 and 0.6 respectively)

[COURSE DESIGNATION: (CE-353 Hydrology and Water Resources Engineering
INSTRUCTOR: Dr. Maged Hassan Hussein
[No.OF sTUDENTS | 2
Mapping of ing objectives into
Program Outcomes oro.
Course Learning Objectives alblcldle i g[h][i[j[k[I[m]n| uing
2 2 2 2 citeria
1 |Identify the Importance of water for human actatiand the water resources engineering 9 2 2 2 2 07
2 |Understand and review the global water resourcpsaially S. A 9 07
3 |Define the Global Hydrologic Cycle and calculate Mydrologic items in SA 6 07
4 |nalyze the rainfall and runoff data 6 07
) i and social type, site selection, forces of gyediams and
5 6 07
factors cause dan failure
6 |Identify and formulate the groundwater flow, aquifend wells 6 2 2 2 2 07

Figure 2: Upper part of the master sheet.
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Graded Ass.
Tools -
5 |
el |E|E|E g
1818|882 8|8(2 ),
% Weight 10 ] 3 3 4 20 | 10 | 40 0
DEPARTMENT OF Civil Engineering
COURSE (CE 353) - SECTION (1&2) - ] o[ ~ ] o | =
SEMESTER (01) - YEAR (2010 ) Eotail Address ;1 ;: ;1 ;: | ;: ;1 ;:
1 0260599 4 oy o
2 0357802 sy gla by
3 0516206 G e e
4 0516454 GPaAll el pdla
5 0516525 Al 33 Blas
6 0517274 sty ) ivena gy
7 0517871 A s MA
8 0611205 s Jiallae e
9 0612018 5ol s pails
10 0620671 Al y gde
1 0450471 ) dlae saaa
12 0516222 B 3 ren
13 0516323 Sl g Db
14 0516858 23 J) sl anl )
15 0516951 Ll gl AL saxa
16 0517322 Flad asallas daaa
17 0517637 Jssia @b pu
18 0558577 e e s
19 0611173 Jilaali gl g 25
20 0611207 A & e el
21 0611422 SR 4 A
—
Figure 3: Lower part of master sheet.
Table 4: Grades distribution.
. . Midterm Term Final
Work Product HW Assignments Quizzes
9 Q Exam Paper Exam
Maximum grade 10% 10% 10% 20% 10% 40%

Assessment Tools Work Sheets

The data and the results of each graded AST are to be entered in separate assessment
work sheets that calculate the scores achieved by every student in each CLO &M@ each
addressed by the course, the class average, and the percentage of studeritgy exceed
specified passing criterion.

The design of each AST is consisting of a certain number of questiorss$ieats some of
the course topics and consequently some of the CLOs. The articulation matrix te used
map AST questions into CLOs. After grading the AST, HI-CLASS is usedrty oat

the following steps:

e Enter the students' grades in each question into a grading worksheet,
e Use the students' grades in the different AST questions to calculate their
achievement in each CLO and in each PO addressed by the course,
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e Sum up the students achievements in all AST to evaluate the average class
achievements and the percentage of students exceeding certain achievemen
level.

COURSE ASSESSMENT RESULTS
The final direct and indirect AST results can be shown as following:
Results of All Direct Graded AST Work Sheet

The achievement of class learning objectives is shown in Figure 4 as a percentage of
students exceeding criteria and the total class average achievement of CLOs. The class
achievement and students who pass the course for program outcomesnisrskayure

5 as a percentage of students exceeding criteria and the total class average achievement of
POs.

RESULTS OF ALL GRADED ASSESSMENTS TOOLS
COURSE (CE 353) - SECTION (1&2) GRADED ASSESSMENT TOOLS
SEMESTER (01) - YEAR (2010) it [ w2 | #a | #a | #5 | #6 | #7 | #8 | w0 [#10] w11 ] w12 #13] #1a] #15 [Tota 2
10[3[3|4]5][20]10][40] 5 100] &
1 0260599 A e e 8.6]1.7|1.4]0.4]1.4]8.7] 7 | 28] 5 62| D |
2 0357802 gl glla s F
3 0516206 SR e i 14 1.3[ 11 13| F
4 0516454 B3I (s pElh 5.6]1.1]0.8]3.6]21]9.4] 7 [20] 2 51| F
5 0516525 ) 38 Bl 2.8]1.5]0.9]3.4] 2 [9.2] 9 [27] 5 61| D
6 0517274 Osla i sy .9]1.8]2.6]3.8]3.4] 7 [7.5[2a] 5 63| D
7 051787 A el S .8]1.7] 2. .9]71|7.5[ 28] 5 61| D
8 061120! gl Jialise jue .2]11.512.1|3.4]2.5]17| 8 |34] 5 82| B |
9 061201 s s gais 8.4]1.5|2.6]3.4[3.4] 10| 8 [28] 5 7| C
10 0620671 Sl oy g 7918 3| 4 [16]17[10]37] 5 87| B+
11 0450471 ol Dlae saaa 1.3[1.1 38|1.4a]76| 7 [21] 3 46| F |
12 0516222 B 30 ol 7 |24 3.8[1.3]14]10]32] 5 76| C+
13 0516323 ) 5 & DB 7.5[2.1]2.6]38|3.2[13] 9 [27] 3 71| C
14 0516858 2183 1 daal adl ) 7.7]1.7]2.3] 3 [4.3] 16| 10[33] 5 83| B
15 0516951 Ll 5 plia taxa 5.9]1.1]o.8] 2 [1.9]7.2[ 10]32] 5 66 | D+
0517322 FLd pallne saaa 8.7|2.3| 3 [3.4[3.4|17[0.5[32] 5 85| B+]
7 0517637 IS5 3 b o 7.2[1.2| 2 |3.6]24]|5.4]7.5[ 22] 2 53| F
0558577 ) e e 7.8]1.5]2.7[2.4]3.3]0.8] 8 [22] 4 62| D
19 0611173 Sl 3y 365 7 |1.9]2.6] 4 [32]12] 9 [26] 5 7| c
20 0611207 I & s e 5.3 2.1]|2.6[1.6]13]7.5] 23] 5 60| D
21 0611422 [ 7.7]1.3]2.4]2.8]1.6] 14 10] 34| 5 80| B
Figure 4: Class assessment of CLOs.
ACHIEVEMENT OF PROGRAM OUTCOMES BY ACHIEVEMENT OF PROGRAM OUTCOMES BY
THE STUDENTS WHO PASSED THE COURSE THE STUDENTS WHO PASSED THE COURSE
100% 4 100%
» 80% r"—’ 80%
= &
4E 6% 2§ 60%
Sk E<
58 o5 40
co 20%1 2 3 4%
z2 2
88 20% | s 20%
=8
58 o SN I (S N [—— N E— 0%
® abode fgh i j kI mn abcde f gh i j k I mon
PROGRAM OUTCOMES PROGRAM OUTCOMES

Figure 5: Class assessment of POs
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Results for Indirect Assessment of CLOs and Instructional Tools Work Sheet

Figure 6 shows the students evaluation of CLOs is as a percentage of selntonfid
student and the total class average confidence level. Also, the students' evaluation of
instructional tools as a percentage of satisfied student and the total class average
satisfaction.

Results of Indirect Course Evaluation Work Sheet

The students' level of satisfaction is shown in Figure 7 as a percentagefieissiizlent
and the total average satisfaction.

Results of All Indirect Assessment for POs Work Sheet

The class achievement of program outcomes is shown in Figure 8 as a peroéntage
students exceeding criteria and the total class average achievement of POs.

End of Semester Assessment Report Work Sheet

The direct and indirect assessment tables are shown in Figure 9. The percemthge of
students that exceeds 70%, the percentage of passing students that exceeds 70%, the class
average and passing students' average. The instructor comments on theactosgtisf
results can be entered to this work sheet for the course continuouseémeray

COURSE BINDER

CE 353 course binder consists of seven dividers containing the course digsigcourse
assessment and course evaluation.

Divider 1 (Course Design Data)
1. Prepare the CE 353 course syllabus according toTABE-2000 criteria.
2. Adjust course calendarccording the dates of each semester.
3. Relate the course instructional methods and asssgsmols
4. Map the course learning objectives into prograntontes with Performance
Criteria (performance targets or passing criteria).
5. Prepare the articulation matrix as shown in Table 3.

Divider 2 (Course Assessment)
1. Show the indirect assessment tools (CLOs and instmed tools survey,
course evaluation survey and the outcome surveshawn in Appendices 3,
4 and 5).
2. Show the direct CLO assessment tools (copies ofkbtarestion papers of
HW, Assignments, Exams and Term paper).
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3. Show the results of the direct CLO assessment t®kEhown in figure 5.
4. Write the end of semester course assessment andbvempent report as
shown in figure 10.

Divider 3 (Supported Program Qutcomes “a“)
1. Show the instructional methods used to addressutemme (a)
2. Select AST materials addressing the outcome (a)
3. Show the outcome assessment tools (direct and otjlire
4. Show the results of outcome assessment tools
5. Write the outcome assessment and improvement report

Divider 4 (Supported Program Outcomes “e')
1. Show the instructional methods used to addressutmme (e)
2. Select AST materials addressing the outcome (e)
3. Show the outcome assessment tools (direct and ttjlire
4. Show the results of outcome assessment tools
5. Write the outcome assessment and improvement report

DEPARTMENT OF Civil Engineering
> Course Level Indirect Assessment
<% Students' Survey for Course Learning Objectives and Instructional Tools
COURSE (CE 353) - SECTION (1&2) SEMESTER (01) - YEAR (2010 )
CLASS INDIRECT ASSESSMENT OF COURSE LEARNING OBJECTIVES & INSTRUCTIONAL TOOLS
EVALUATION OF COURSE LEARNING OBJECTIVES EVALUATION OF COURSE LEARNING OBJECTIVES
100% 5
= 53
& 80% z 44
g, g
gt 60% 2z °]
o8 8>
LS 40% om 2
25 w
@ 20% % 1
° w
® 0% A Z 0
- XN O ®m O N ® -2 Q = N O ® © ® N v © - ¥ I O
5855552588888 8¢8 5358535538 888888¢
D00 A 4 4 2 3 4 3 4 3 a3 o ©o O 2 S| e |
O 0O OO ODOODOOOODO O O © O o o O o o © o
COURSE LEARNING OBJECTIVES COURSE LEARNING OBJECTIVES
EVALUATION OF INSTRUCTIONAL & LEARNING TOOLS EVALUATION OF INSTRUCTIONAL & LEARNING TOOLS
100% 5
o 90%
= 80% | 4
g 70%
2 60% A 34
a 50% 5
E 40% + 23 2
g 30% - >E
s 20% wo 4|
5 0% - g ‘z
S Wﬂj‘ﬁ‘ﬁ‘j‘ﬂ“j"j‘z‘g‘e ggoﬁ ~ . < o - = - o -
3 3338383232383 3 z 3 3 3 3 3 &3 88 3 8 g
FF F B F F F F F O =t <] =4 <) = < < < < ]
INSTRUCTIONAL & LEARNING TOOLSIVES INSTRUCTIONAL & LEARNING TOOLS

Figure 6: Indirect assessment of CLOs and instructional tools.
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Figure 7: Students' level of satisfaction.

INDIRECT ASSESSMENT

a|lblcld|le|lflglh|[i|lj|k
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AVERAGE CONFIDENCE LEVEL (out of 5) - ; ,’T, ;
R R R R
AVERAGE CONFIDENCE LEVEL (%) 1<) ® I <+
~ ~ ~ ~

Figure 8: Indirect assessment for PO's.

Divider 5 (Supported Program Outcomes “g")

1.

2
3
4.
5

Divider 6 (Supported Program Outcomes “k")

1.

2
3.
4

Show the instructional methods used to addressutmme (g)
Select AST materials addressing the outcome (g)

Show the outcome assessment tools (direct and oijlire
Show the results of outcome assessment tools

Write the outcome assessment and improvement report

Show the instructional methods used to addressuteme (k)

Select AST materials addressing the outcome (k)
Show the outcome assessment tools (direct and otjlire
Show the results of outcome assessment tools
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5. Write the outcome assessment and improvement report

Divider 7 (Student's Work Samples of Direct Assessment Tools)
Show copies of superior, average and poorest stadenitk for each direct
assessment tool.

COURSE (CE 353) - SECTION (182) SEMESTER (01) - YEAR (2010 )

END OF SEMESTER ASSESSMENT REPORT OF COURSE - ADDRESSED PROGRAM OUTCOMES

The Number of Students Who Passed the Course is 16 Outof 21
DIRECT ASSESSMENT a b c d e f ] h i i k I m n
Outcome Passing Criteria on Average 0.7 NA NA NA 0.7 NA 0.7 NA NA NA 0.7 NA NA NA
Outcome Passing Criteria on % students 0.5 0 0 0 0.5 0 0.5 0 0 0 0.5 0 0 0

3% 43% 43% 43%

57% 57% 57% 57%
63% 63% 63% 63%
72% 72% 72% 72%
1764 1764 1764

9 h i i i
NA NA NA 3
83% 89%
37 37
Present Offering

Program
Outcome Perceived Problems

The Class average is 63% > 60% The course is satisfying the More improvements are required
The average passing students is 72% department's criteria inthe next semester
which is higher than 70%.

Comments Actions to be taken

No problems are investigated this
semester

Figure 9: End of semester assessment report.

SUMMARY AND CONCLUSIONS

This paper documents how several of the ABET EC-2000 criteria are sasintielow

they are in turn used in creating CE 353-Hydrology and Water Resoungase&ring
course binder to achieve specified outcomes and continuous improvementofitbe.

The course assessment and evaluation phase was enhanced by using a progragimed
workbook, called HI-CLASS. Course design and assessment based on counisg lear
objectives (CLOs) and program’s outcomes (POs) were done for a compulsory course

(CE 353) at the civil Engineering Department. The percentage of achievements (%
scores) for each addressed outcome by each course were computed along with the
number of outcomes addressed by each course. Results show that the ovevalirest

from the course is acceptable and within the set performance criterion. Further
improvements of the course will lead to more improvements. Outcomes a, e need to
spend more time for these two outcomes.

The instructor could easily evaluate the class achievement even after each assessment t
continuously improve the course offering. By the end of the semester stheciar will
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have documented results of the class achievement and the course contribution to the
achievement of program outcomes.

Instructor can benefit from these results for further improving his teadbating to
better outcomes gained by the students which is the ultimate goal of the assessment
process.
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ANALYTICAL STUDY TO DEVELOP THE QUALITY OF
INSTRUCTION WITHIN THE ENGINEERING FACULTY AT
THE ISLAMIC UNIVERSITY OF GAZA

Shafik Jendia, Mohammed Hussein and Farid Al-Qeeq
Faculty of Engineering, Islamic University of Gaza, Gaza, Palestine

ABSTRACT: The Faculty of Engineering at the Islamic Universof Gaza (IUG) evaluates its
academic and administrative performance on a reguld continuous basis in the purpose of improving
its capabilities and services. This paper prestr@anajor challenges confronting quality assurasfce
engineering education at IUG, which have been dbarzed by inadequate research network,
insufficient funding and weak industry-institutioredationship, due to the current situation. Theppse

of this research is to provide an analytical gsastedy assessment for engineering students afddG
the period (2005-2009). Provide practical recommaéinds in order to improve the faculty of
engineering grading system creditably, and thus tk action and reasonable steps towards enhancing
and improving the current existing grading systerhe consistent with relevant international stadd.
Study led to some internal actions in order thagie quality-engineering education at IUG, academi
staff should be engaged to serve as team membetseinmprovement process of existing mark
distribution, development of specialized evaluatjprograms, as well as adopt new educational
strategies.

KEYWORDS: Grades; Quality of Instruction§rades Distribution; Grades Inflation.

INTRODUCTION

Quality assurance in engineering education is a multifaceted problem, further sadymen
by the number of parties interested in it and the multitude of their respective reoncer
The quality system provides for a clearer articulation of the rights and resptiesibf
students, faculty and staff [1]. In some countries, some engineeringlstlawve formed
coalitions with the objective of designing, implementing and assessing nhew approaches
undergraduate engineering education, as well as improving the overall quality of the
educational experience [2]. Quality system documentation will guide teaching, learning
and research in a convenient, predictable and generally acceptable way [3]. The
documentation also improves understanding among the faculty and staff fod
documentation is preserved, faculty operations can be streamlined, quality grablem

be identified, corrected and prevented, and improvement results can be accaniplizh
systematic manner [5]. Documentation of students grade is an important to@rsee

the academic process in the faculty. This paper aims to analyze the distrilhstiodemt
marks in the Faculty of Engineering in the last five years (ZI®) and assessing them
against the standard grade system to draw conclusions and recommendatioaythat m
improve the performance of the faculty in the future.
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BACKGROUND AND MOTIVATION

IUG is an independent academic institution located in Gaza which was established in
1978. IUG is a home of well-planned programs, a way to the differenhaoaity levels

and a place for researchers and good teachers. UG is a member of toiatiass:
International Association of Universities, Community of Mediterranean Universities,
Association of Arab Universities, and Association of Islamic Universities.

The Faculty of Engineering has been established in the academic year 1992/1@%3 to

the high demand for distinguished education in Palestine and the surrowedioq.

Since that date, the faculty has expanded in staff, departments, number dfstatien

and resources. The faculty has six different departments with six differeotsmaind

plans are underway to commence new departments and new majors. Ctnexptisire

two thousands and three hundreds (2,300) students are enrolledsix #ggineering
departments, also during summer 2010 commencement, class twenty nine (29) was
graduated, and yet two hundred engineers were placed in community idepsewices

to Palestinian society. In the academic year 2000/2001, the graduate prograstatiade

to provide highly qualified personnel capable of taking significant role in bgilthe

new emerging homeland and serving their community in the region and a@teeat

efforts are dedicated in the faculty for research, development and innovatgofaclity

has several distinguished research centers and laboratories devoted to serve the
Palestinian society. Moreover, the faculty evaluates its academic and administrative
performance on a regular basis in the purpose of improving its capabilities.

This paper examines the roles of the Faculty of Engineering in the improvement and
moderation of engineering programs at the Palestinian educational development. The
paper analyses the current situation of the environmental engineering field in the Islam
University of Gaza and proposes some guidelines for future developments,lqdyticu
with respect to human and academic staff behavior in terms of marks graidera.

Based on the result of this study, recommendations are drawn to imptioeiogedibility

of the grading system in the Faculty of Engineering at IUG. The progrdhss iissue

will help making a major changes and development at the performance level; yet this
requires making the necessary steps towards performance improvement.

METHODOLOGY

The article has been identified the three stages methodology instrument neetiesd for
study, therefore the Deanery of admissions and records at IUG prdieledquired
collected data as the first stage; yet grades were given for each department for the last
five years (2005- 2009). Second stage was to make statistical analysis doti¢beed

data. Finally as a third step is to assess and evaluate the results of this studyot@er the
hand, a workshop was conducted for academic staff in the Faculty of Engineed

key figures personnel in the university to present the study results, andeset th
prospective inputs and suggestions.
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RESULTS AND DATA ANALYSIS

The Faculty of Engineering consists of six departments; Architecture, CivinpQer,
Electrical, Environment and Industrial. The study were conducted at the Badegjmze

level and for the major departmental courses only for the five yearsddgartment of
Environment was excluded as itis a new established department (established dn Augus
2008).

Figure 1 shows the standard grade curves that the grades Excellent (A G0oder (B),
Good (C), Satisfaction (D), Failed (F) the courses must be judged agaiasgrdph
indicates that the vast majority of students are within the range betWéemrgd 89%,
while minor percentages are within the outstanding or failure sectd?s, far each
category.
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Figure 1: Faculty of Engineering Adopted Standard Grades Curve.

Figure 2 illustrates the grades distribution in the Civil Engineering Department. The
whole marks range has been divided into five divisions, representing the didenaic
scales used to distinguish student levels at IUG. The graph in this firshoagethat the
grades are closed to the normal distribution of the standard curve.

Figure 3 illustrates the distribution of student marks in the Electrical Engineering
Department for the last five years. The graph shows an excess on the expalies
level, while other scales lies closer to the normal.

Figure 4 shows the grades for Computer Engineering Department, which revesis
increase in the excellent grades level, the same as the Electrical Engineering Department,
since both departments were separated recently.
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Figure 5 reflects that there is a lot failure percentage, which are very low among the
architecture students compared with other Engineering Departments , also thergds a hu
grades concentrations in the very good (80- 89) level.

Figure 6 shows the marks distribution of the Industrial Engineering Degratrtior the
last five years. It is noted that there is a little increase in the excellent grades léteel, wh
there is a decrease in the failure grades level.
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Figure 2: Grades for Civil Engineering Department (Years 202%09).
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Figure 3: Grades for Electrical Engineering Department (Years 200309).
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Figure 4: Grades for Computer Engineering Department (Years 2(T®9).
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Figure 5: Grades for Architecture Engineering Department (Years 200IH9).

Figure 7 gives an over view of the average grades distribution for the Y&¥r-2009)
among academic Engineering Departments (Civil, Architecture, Electrical Computer, and
the Industrial) higher percentage of "Very Good" scale in the Department dfe&tahe,
while the same Department has the least failed students compared to other departments.

This reflects the special nature of the teaching activities in the Architecture Department,
which mostly depends on the assessment of architectural projects in the dedign stud
courses. The evaluation of these courses depends on the accumulation of @fiiogts d

the whole semester and do not depend on a final exam only. In additiomrihmwhese
courses can be evaluated as a collective one. All these factors make the student$' marks o
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such courses lie within the "Very Good" level and reduce the possibility obeing
failed.

Figure 8 shows that the total picture of the faculty of Engineering as a wgnads, an

idea that the grades distribution in general are approximately close to the standesd grad
curve shown in Figure 1, but it needs more improvement in this aspsot@a areas,
especially to lower the grades in the Excellent level in some departments and to increase
the percentage in the failed section in others. Yet the graph shows the changes and
grades distribution in the last five years is not significant.
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Figure 6: Grades for Industrial Engineering Department (Years 208309).
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Figure 7: Comparison among Engineering Departments (Years 2@089).
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Figure 8: Faculty of Engineering Grades Distribution (Years 20@909).

CONCLUSION AND RECOMMENDATION

The study shows that:

There isan inflation in grades among the Electrical and the Computer Engineering
departments, therefore these two departments are not satisfying the standard curve.
The test measurement parameters adopted are not accurately consistent with the
relevant standards.

The Architecture Department suffers from up normal results within the verg go
range (80-89).

The Civil and Industrial Engineering Department need some improvement to their
grades scale (to match Figure 1) by concentrating on more of challengbignpso

in their final exam reducing.

The paper concludes that practical content and analytical data related to marks
feedback and assessment is an important criterion for maintaining a high level of
quality engineering programs.

The performance should be adjusted to address more reliable gradiem.sys
Academic staff should be engaged to serve as team members to enhance the quality
of assessment and recommendations.

The development of an engineering education must include the improvement of
existing mark distribution, development of specialized evaluation programs, and
incorporation of new educational strategies.

As an immediate result of this study and the workshop associated with this,
instructors should pay more attention to grades awarding, especially for senior
project courses.
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The results obtained and presented in this paper will serve a base for more and a
continuous work to conduct an extensive evaluation to other area such as our
graduate programs and university required core courses.

Finally the expected performance should be adjusted to address more reliable
grading system.
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AN INQUIRY-DISCOVERY SEPARATION BASED
INSTRUCTION TECHNIQUE FOR PROMOTING
EXPERIENTIAL DESIGN LEARNING

Abdullah F. Al-Dwairi
Industrial Engineering Department
Jordan University of Science and Technology, Irbid, Jordan

ABSTRACT: Proposed in this paper is a constructivist instomctethod for promoting engineering
design learning by senior undergraduates. The rdéthealized in two separate stages includingimqu
and discovery activities. At the inquiry stage,dstots are given a product-development problem and
required to exercise designing by drawing on tloemn abilities and prior knowledge, under limited
guidance from instructor. To further deepen thposyre, students are not allowed to consult asgisti
references until the design problem and solution proposals have reached certain maturity in the students’
minds. At the discovery stage, students are engedrto make an extensive use of assisting sourcks a
references, analyze the found solutions, and camfream with what they have developed. Students
hence are first given enough time to deploy the@ativity potential to develop necessary solution
frameworks, before they can access professionatoonmercially-available design solutions. The
discovery activity helps students fill gaps in ttleveloped frameworks and mind maps. The paper
emphasizes separating the inquiry and discovenyestdrom each other so as to stimulate intuitive
thinking and creativity, and to maximize learningames from the discovery activity. It is alsowed

that this separation helps learners build non-hibieal mind maps, provides for better appreciafan

the design solutions, and accelerates the leaqmiagess. The proposed strategy is recommended to
practice with senior undergraduates working on pebdlevelopment projects. The approach is most
useful at the early design phases including prohlemlerstanding and design conceptualization. The
technique can be used repeatedly within the samigrderoject, as at system-level design development
as well as at detail design phases. Limitatiorts @rallenges encountered in the implementatiomef t
proposed methodology are discussed.

KEYWORDS: Design Instruction; Inquiry-Discovery Learning; @&dructivist Approach; Reverse
Engineering Experiential Learning; Project-Based Instruction.

INTRODUCTION

Engineering design is a central component of engineering curricula. Imsespw the
ABET EC2000 requirements, many engineering programs around thkl \sce
continuing to revise their curricula to integrate design and manufacturing topics into
various engineering courses. Methods for delivering this course material ateeBsigo
developed with a general focus on experiential design learning by undergraduates [1]

Engineering design is a complex process to teach in a short time. Sometonstwould

even question the 4eibility of directly “teaching” design, especially at the undergraduate

level. The main reason behind this is that design is an open-ended probldrastmeat
well-defined mathematical model; the design process involves creative thinking, decision
making, iterative analysis, and visualization skills, among others. It is the sosseh
design instructors that design should be learned through “doing” design, rather than by
attending design lectures or demonstrations [2].
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The main point that has motivated this work is the author's observation tdantstu
given a design problem, immediately rush to seek assistance from differecgssand
references, especially from the Internet. While the use of references and litevataes s
should generally be encouraged, it should be controlled in project-baseddesattings.
The problem here is that students search for solutions in referenceslapages before
making serious attempts at proposing solutions on their own. This bel&wisually
denied by instructors who seek to engender design skills in the studénthel opinion
of this author that rushing to see what others have done before tngtggaavn abilities
hinders and slows down the learning process. It is generally accepteddigat idarning
is accomplished through developing of intuitive and critical thinking skills, ratizer
through surveying or “browsing” of references.

In addition to the above points, it has been noted that senior undergraduateiyno
become aware of several design texts and a wide variety of references addressing
theoretical and practical aspects of the design process. A side effect of thtssisidients

often become overwhelmed with the breadth of design approaches and the wadhbilit
terminology [3]. One task of the design instructor is to convey to the stuttetts
engineering design is not about solving equations, nor is it about memorizdtion
terminologies or knowing of procedures. Yet another task for the instrudtopievide
students with a generic and relatively stable structure for the design processytiwatrith

use with a wide range of design problems.

Based on the above points, and given the relatively short time traditionally allocated for
design courses in engineering curricula, different methods of instructionuayiet $or to
accelerate the learning process and to make a more efficient use of the course time.

This paper describes an instruction methodology for promoting and streingttiba
learning experience of undergraduates at product design courses. The methodchhas bee
used by the author at a product design course for senior studentastfiaddengineering

at Jordan University of Science and Technology (JUST). The approacle céewed as

a modified procedure to promote the well-known discovery-based learniirgrenent.

The core of the method consists in creating a stimulating environment by alternately
exposing the students to inquiry and discovery learning stages. At the inquiry-
development stage, students are given an ill-defined problem to design a cedaifi typ
product. To intensify inquiry and deepen the challenge, students are not atiowed
consult literature or any assisting sources until they exhaust their own potentiaéatel

their own conceptual solutions. By controlling the students' access siblposexisting

design solutions, students are left to work on their own, with a limited guédeom the
instructor. In this environment, the instructor acts as a facilitator. Knowingexisiing
sdutions would be revealed later, student teams usually tend to compete with each other
to accomplish professional solutions. After the students have been giveghdime to

think out and develop their own solutions, and after enough discussiaie main
challenges involved in the design case study have been made, students are allowed to
look up assisting sources to find answers and solutions to the praiilenand.
Observations of the author, in addition to informal surveys of studeets, shown that

the method leads to more rapid learning and better appreciation of the desigmsolutio
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and helps students recognize their abilities. The learning process becomes oyatelenj
and fruitful, with a higher achievement of the course objectives.

To summarize, the proposed instruction approach aims to amplify the panfoe of
students at inquiry and discovery based learning settings. This is achiewagdsing
separation between the two settings. This approach emphasizes that students should
initially depend on their own abilities and prior knowledge, and that references and
sources be referred to only with specific questions and issues that vaweldpeared at

the inquiry stage. The culmination of the process often comes with the students
discovering that professional designs and commercially-available products are similar to,
or at least have intersection points with, solutions developed by them in the class.
Furthermore, students are not left on their own for the whole course: acgangcture

of the design process is introduced to them in parallel with these activities by making
relevant reflections. By delaying the introduction of the design process’s generic
structure, students are seen to better appreciate it when it is presented to thean, with
clearer understanding of the used terminology. In addition, students areosbetter
realize the need to think and work in organized and systematic manners.

The next sections provide a brief background on design instruction, @ew@iproposed
instruction procedure, and discuss limitations and challenges encountered arcthoe pr

ENGINEERING DESIGN INSTRUCTION

Many methods have been developed for the instruction of engineering desigthe

past decades. The basic principles underlying these developments emphasize an
“induction” style of instruction, whether it is called problem-based learning, inquiry
learning, discovery learning, or some variation of those themes. A paper thht can
considered a landmark in the published research on engineering educationtisasw

Felder and Silverman [4]. The authors proposed several models of teaadthitggaring

and defined different dimensions for these processes. One of the models, the
induction/deduction model, addresses the indirect, implicit approach (induction) versus
the direct and explicit one (deduction). Induction is defined as a reasonig@gsion

that proceeds from particulars (observations, measurements, data) to generalities
(governing principles, laws, theories, rules). Deduction, on the other hahd,dpposite

of induction. A deductive instructor starts by stating the governing principtesvarks

down to the applications. In induction, one infers principles; in deductiordedeces
consequences [4].

As Felder and Silverman [4] noted, mismatches exist between common leartésgpéty
engineering students and traditional teaching styles of engineering proféssorsan-

design courses, deduction-based teaching can be preferable since deduction mmoaides f
more structured delivery of the material. When it comes to design courses, however,
deduction methods become somewhat inefficient, especially at the undergraduate level.
Using a deductive style, an instructor would have to impose a relatively rigiddprece

on the inherently flexible and creative design process. It has been noted thay asliver
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generic and theoretical procedures of design aspects without immediate substantiation
and implementation often causes most students to become inattentive and discouraged
about the course. Achievement of the design course objectives using deductive

instruction is complicated.

Traditional inductive presentation, on the other hand, has the problem that delivery is
neither concise nor well-structured. The instruckauld have to supervise students’

work on a design case-study, guide the team work through looseledlefiilestones,

treat and analyze the design of a particular product, and eventually require thesstuden
make sense of their observations and come to general conclusions. Thiapgriech

this author had been practicing over several years of instructing prodsign dto
industrial-engineering students. In the past three years however, atalrdigively low
achievements of students, it became evident that certain modifications and impitsvemen
were necessary to improve students’ performance.

In the literature, the inductive approach described above is known as a constmosvist
[4]. Constructivism argues that humans generate knowledge from their egpsrien
Piaget [5] articulated mechanisms by which knowledge is internalized by leariagest P
suggested that humans utilize assimilation and accommodation processes to construct
new knowledge from their experiences. By assimilating, individuals incorpoeateeth
experience into an already existing framework, without changing that framework.
Accommodation, on the other hand, is the process of reframing one’s mental
representation to fit new experiences. From here, it can be understood thatothe pr
availability of a suitable framework is necessary for effective and rapid learning.
Inductive instruction methods, therefore, are more suitable for senior vadigates who

have developed certain framework which enables them to learn design skills on real o
nearly-real design problems.

Constructivist-based methods such as inquiry and discovery-based techniques emphasize
that the responsibility of learning should reside increasingly with the learneartiusd

that students construct their own understanding and should be actively inuoltes
learning process. Students eventually look for meaning and will try todondarity and

order even in the absence of full or incomplete information [6, 7].

Another important assumption of constructivist instruction methods contenievel
and source of motivation for learning. Glasersfeld [6] suggests that motitatiearn is
strongly dependent on the learner’s confidence in his or her potential for learning.
Confidence and belief in potential to solve new problems are derived franmdird
experience of mastery of problems in the past and are much more powerfektaral
acknowledgement or motivation.

A point of caution that is worth of mentioning here is that students nmuiste
challenged with problems far beyond their experiences. To prevent studemts f
becoming disappointed, they should be given attainable design tasks. Thigpliwk
Vygotsky’s “zone of proximal development,” where students are challenged within close
proximity to, yet slightly above, their current level of development [&9]experiencing

the successful completion of challenging tasks, students gain confidence and motivatio
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to embark on more complex challenges. Vygotsky [8] claims that instructiondsagdy
when it proceeds ahead of development. In the context of the methodotgupysea
here, design assignments are of increasing complexity, with each assignmentibgoaden
student’s development level and preparing them for the next assignment.

Implementation of inquiry/discovery based instruction of engineering desigmessn
active learning environment in which students conduct design projects anduzties s
under supervision from the instructor-facilitator. With the paradigm shifsttolent-
centered education [10, 11], proper organization of this environmesuégal to the
success of the learning process and is the subject of the present paper.

THE PROPOSED INSTRUCTION METHOD

The instruction approach described below can be used to relieve some ddidtiealpr
educational concerns and to revitalize the project-based learning environment. This
approach is an alternative implementation procedure for inductive, discovery-based
instruction. The procedure had been implemented four times by this atifacilitating
product design classes delivered through 3-hour weekly sessions to seeigraduates

of Industrial Engineering.

As it was mentioned above, the main motivation behind the development of theseppr

was the observation that students, given a design assignment, immediately rushed to
search design sources and web pages for solutions. Students usualiglditiohs in

these sources, tailor them somewhat to their needs, and submit a reportoal an
presentation on them. It was also noticed through team presentations that students often
could not demonstrate clear understanding of the underlying solution prindifitasut

an adequate understanding of the design requirements and relevant backtrsund,
approach caused students to make misleading conclusions and interpretaticios, no
mention the loss of the targeted objectives of the course. Obviously, thebjeitive of

a design course is to foster design skills in the students, - not just tertetetéirn how a
particular product was designed by others.

To avoid the abovementioned behavior, it is suggested that the use of refemnetces
sources be limited to searching for answers to specific questions aes tisatiarise in
the course of design, - questions that have been analyzed and articulated. Swmuices
not be searched for whole design solutions or designed products. Bylloantiee use

of references, students start to feel free to "think" rather than to ‘“browse,” which is an
objective in itself.

This paper claims that design learning is promoted if the inquiry and discsiagBs are
separated from each other. This claim is based on a premise that this separegion mo
vigorously arouses students’ interest and curiosity.
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The proposed technique is best described using the following steps:
Step 1: Introduction of the design assignment

At this step, the instructor describes, in general terms, the product design protdem
addressed. This should only address the development of customer neatlempds are

made at describing any design form or features. Students begin to puzzle ferentif
aspects of the problem and customer categories. After having puzzled foh ¢imoeig

the facilitator would provide hints by asking the students to eléfir whom the design

is intended,” calling it the customer. Students then start to develop possible customer

needs and translate the needs into generic engineering characteristics. Different teams
would have different targeted customers and hence develop different lists of
requirements. This direction should be encouraged in order to prometsitjiv

Step 2: Presentation, clarification, and justification of customer requirements

Here, students make short oral presentations to discuss their thoughts astifytahie
inclusion of each customer requirement. The facilitator does not reject stugénitshs

and only corrects them if a misconception was presented. An important pant her

train the students to formulate engineering characteristics separately from angt prod
form. Realizing that they are going to deliver oral presentations in front of etessm
teams are seen to prepare their thoughts more carefully. Students are required to
document their thoughts and discussions for later referen

Step 3: Development of design concepts

Based on the developed customer requirements, students begin to develop solution
concepts. The instructor here only facilitates the process by asking questiens
necessary. This phase is the one of highest creativity concentration. Generating multiple
design concepts is crucial to the success of the process. Students wouddidiit
generate 3-4 concepts based on their experiences. The instructor continue®tmask f
more concept. It is just at this moment that students start to develop particular
frameworks and widened mind maps. This step begins in the current classs and
conclusion is left to the next class meeting. Experience has shown that with the
environment built correctly, students would continue to work on concamlapment

and refinement over the whole week until the next meeting.

Students here are exposed to the vague and fuzzy environment of design
conceptualization. They are challenged with a seemingly endless number of questions
that need to be answered. Abstract thinking, intuition, and communicationaskilksl|
trained at this step. As a result, students would feel the real need for tastgatoze

their thinking and reasoning processes. Having it on high demand, thetmstuould
introduce students to a work organization technique. For instance, Quality-Function
Deployment (QFD) and the associated with it House of Quality (HOQ) can be introduced
here briefly (WHAT’s vs. HOW’s Room). Students now seem to grasp QFD and HOQ
concepts rapidly and efficiently. They would appreciate them as mechanisms to realize
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and organize the already developed frameworks. It is recommended that QFD and HOQ
be introduced on a design project of low or moderate complexity (see theentmn).

Step 4: Selection of preferred design concept

At this step, students present the proposed concepts and start to evaluate theon based
the developed design requirements. Here too, students are exposed to a multi-criteria,
multi-attribute, decision-making problem. Students recognize the need fomalifed
evaluation technique to organize their work. Typically, senior industrial-engineering
students would be aware of some of the decision-making techniques suchsamdec
matrices or the analytic-hierarchy process (AHP). Simple and tease decision-
support software packages are available and easily accessible. Students are challenged
by subjectivity, abstraction, and decision-making under uncertainty. Streidtor's task

would be to facilitate coming to the conclusion that design decisions are nomaaléy

with incomplete information and that risk always exists. At the end of this phase,
different teams would select different concepts for further consideration.

This activity can be very enjoyable. Student teams criticize selections made by their
colleagues: debates and arguments usually are raised. To save time, the instructor would
eventually help students “approve” selected concepts.

Step 5: Reverse engineering: consulting references, patent literature,
manufacturer's catalogues and websites; inspecting commercially-available
products

This is the discovery stage. Here, students are encouraged to look up swistiimgs in

the literature and in any possible sources. Students reverse-engineer thedhtions

and would often find that the solutions are conceptually-identical to, or have #ieslar
with, the solutions developed by them. Otherwise, analysis would reveal lpossbed
customer requirements. Experience has shown that among the frequently left
requirements are those of easy manufacturing and assembly. The instrocidr w
intentionally leave these requirements unaddressed until they are inquired naturally. By
comparing their solutions to those developed by professionals, students mvordd
rapidly grasp the differences and give adequate appreciation for them. Recall that the
ability to read the minds of other designers is a design skill by itself. Sdiflence is
developed here by the students, which normally stimulates the learning process.

Step 6: Reconsidering design concepts and reselecting the most promising of them

At this step, students rebuild their minds. In particular, they would extendekign
requirements list to include those suggested from professional designs, fafersame

of the requirements with more clarity, and select preferred concept on a new basis
Concept selection now is made with far better awareness and understandingt Studen
discussions go to a higher level of reasoning.
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Step 7: Detaikbd design

This step involves modeling of design function and performance. When ésctathe

design of product system interfaces, students are challenged with the fact that there too
are multiple options; Steps 3-6 of this procedure have to be conductedtioprealuct

part or interface. Due to time limitations, it is usually infeasible to conduct this phase

full for all the product elements. The instructor would direct the studentsh@pdhem)

to select one or two of the product's critical interfaces for further modelth§reizing.

Other product details may be assigned intuitively. At this expense, the instructoajarns
opportunity to initiate a new design project and adventure.

It is important to note here that industrial-engineering programs usuallivénbasic
design modeling courses of somewhat “lighter” content than that of the more classical
engineering programs. Therefore, the instructor should be aware of ritentcof the
foundation courses and select suitable design-modeling assignments accordingly.

Step 8: Prototyping

Physical or virtual prototypes are necessary for completing the picture and lingevea
possible weaknesses or unpredicted behavior of the developed design. loasssst
virtual prototypes (CAD/CAM simulations) are more feasible than physical ones. Initial
CAD drawings often are developed in parallel with the design process. Whilieghhys
prototypes are more beneficial to the learning process, they are dependent paditg ca
of university facilities and the availability of funding. Students sometimes continue to
further develop and prototype their products in subsequent capstone csuckeas
graduation projects. Virtual prototyping can best be given as homework assignme

Step 9: Reflection

Without making appropriate reflections, the design learning experience is not completed.
Frequently, design solutions are generic and would be met across diffeidunttygpes.
Students are encouraged and assisted to make conclusions regarding the lessohs learn
from the conducted project.

Depending on the product type, a design project might extend from 3 feeekisnple
products to 7 weeks for more complex ones. Some instructors would forefenduct

one, semester-long, project and execute it in full detail. This approach euitbre
suitable for students of mechanical, electrical, chemical, or mechatronics enginearing. Fo
industrial-engineering students, it is advisable to conduct at least 3-4 diffeogattpr

This is because industrial engineers usually work within the scope of deaigagement

and need to develop skills to manage the process and communicate effectively with
engineers from other fields.



INSTRUCTION AND LEARNING IN ENGINEERING EDUCATION 145

DESIGN PROJECT SELECTION

As it is explained above, at least three or more projects are assumed todbetexbn
during one semester. It is proposed here to conduct design of prodirtsenientally
increasing complexity. For instance, it is possible to conduct projectsesf livels of
complexity, with each level addressing the design of a certain class of productsl.Table
below gives suggested product types for each complexity level and approximatenduratio
for each project in weekly sessions.

As seen from Table 1, project complexity increases as the course proceeelsl
projects serve as introductory; they help establish the learning environmentiapdiee

basic terminology. These projects address every-day products that typically aretknow

all students. Level-2 projects address products of some complexity withea weidety

of customer requirements. They also require good prior knowledge iokerigg basics.
Finally, Level-3 projects are directed toward more complex products, the detatigchf

are not well known to a typical undergraduate. Incrementally increasing product
complexity over the course duration is recommended in order to sustamaautdn the
design challenge and interest. As it was mentioned earlier, however, project complexity
should not go far beyond the attainable scope of knowledge for the students.

Table 1: Suggested classification and order of design gisje

Typical Duration

Project Complexity Level Examples (3-hr weeKly sessions)
Level 1: Low-complexity Shopping cart; Kitchen knife; 2-3 sessions
products Ironing table; Children teaching

aids (toys)
Level 2: Moderate-complexity ~ Simple sports exerciser; Coffee 4-5 sessions
products mill; Office water heater/cooler;

Concrete mixer
Level 3: More complex Car lifting system; Dish-washing 6-7 sessions
products machine; Elevator; Microwave

oven.

CHALLENGES AND LIMITATIONS

The implementation of the proposed instruction approach has the following lingtation
and challenges.

1. There is no one guaranteed way to really imposaratpn between the inquiry and
discovery stages, unless all the core work is ccteduin the classroom. The instructor
should seek appropriate ways to impose separaeémending upon student attitudes and
culture. An acceptable level of success at imposemaration may be achieved by the
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following measures. First, calling for positiveitatie and explaining the benefits of the
procedure normally works well with a good fractiohthe class. Second, by realizing
that students’ misconduct usually occurs because students seek high grades, the instructor

can nullify this point by customizing the gradinglipy. For instance, a grading system
that evaluates theprocess more than the quality of the developed designs is
recommended. To help evaluate the process, atiraggisint that can be tracked here is
that, ideally, a design solution should translatedesign requirements developed earlier
by a team into engineering characteristics forptiogluct. If this translation process lacks
logic or is unreasonable, the instructor may susgleeating and investigate the case in
more detail. A cheating team would normally failgive convincing justifications and
explanations for all details of a “stolen” solution. This author used to give zero grades in
such cases, which, over time, minimized their oenare.

2. A challenge usually faced with project-based desigarses is that they typically are
given one credit hour in the curriculum. Given thgh workloadto-credit ratio, some
students would not devote much of their time anorefb the course and would just seek
to pass it. The course, therefore, should be gwere credit hours in the curriculum.
Otherwise, the grading policy should take this bidraf students into account.

3. Performance evaluation of students in the propdsaching environment presents a
complex problem and places high workload on thieuio®r. It also causes stress on the
students since exams are not conventional. Foreciadlit-hour course, the pass-fail
option may be considered, given that this optiolevet students stress and would make
them more available to the course. The challenga ttecomes one of creating an
attractive and exciting learning environment. In order to arouse students’ interest in the
course, it is recommended to organize exhibitidreetected designs at the end of each
semester. This “publicity” usually causes students to work with more devotion and
responsibility during the course.

4. Teamwork is an important element of the procedlire instructor needs to promote
teamwork dynamics as well as communicate with iddizi students. Certain students
would feel lost in this environment, while others would become “leaders” dictating their
solutions to the team. To control this occurrectese contact with the teams is needed,
which requires more time and effort. An experierteedhing assistant also is necessary.

5. Proper application of the proposed procedure placdimitation on the number of
students in the class. A maximum of about 16 stisdéh teams) in one class is
recommended, to allow for successful managemeheafourse.

SUMMARY AND CONCLUSIONS

An induction-based instruction method is proposed for capstone produetogdment
courses. The method involves an inquiry stage and a discovery stage. Thagegoase
suggested to separate from each other in order to create a more efficient learning
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environment. At the inquiry stage, students learn critical thinking and creative problem
solving skills by drawing on their own experience and knowledge. Atisitekry stage,

on the other hand, students learn to analyze and assess their solutions d&yngpthem

with professional designs. As a result, students come to better appreciate their abilities at
designing and become more enthusiastic about the course.

By imposing separation between the inquiry and the discovery stages, therexgsu
students to problem solving is deepened and the extraction of their creaiteityial is
accomplished more fully. At the inquiry stage, students develop certain frakseamnd

mind maps, which might involve some voids, gaps, or misconceptiotesest and
curiosity are aroused at the inquiry stage. The discovery stage gives answulees to
guestions that students have been striving to answer during the inquiey $taig
approach promotes learning and helps more effectively engage students in design
activities.
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ABSTRACT: This paper shares an effective teachiegrning framework, the The Tier Model of Self
Evaluation that coincides with the current acadeteieelopments and meets the professional demands of
the present century. The model combines effectively essential academic routines, teaching and
testing; and provides an observable and a systerpedcedure to consciously and continually gauge
students’ understanding, and acquisition of knowledge and skills regarding a taught concept. The paper
describes the model in terms of its conceptual éwark and then shares the implementation with an
intact group of students during an undergraduateseoat a public sector engineering university. It
enables students to reflect upon and to analyzieally their learning i.e. their knowledge and Iiski
output by adopting three levels of self-evaluatéatied Tiers which are evaluating one’s performance
against (1) the identified criteria, (2) peer perfance and, (3) an acceptable and identified stdnda
sample. This self-evaluation technique is introdugght after the formal classroom instruction dbpic
with the help of pre and post assessments and rmafoassignment/ project. The qualitative and
quantitative data from the three stages of theuavian as well as the difference in the pre and fess
scores revealed the process to be an effectiveearidhing experience for the students in terms of
content, skills and the measurable performance. The students’ products improved substantially, and their
involvement in the learning process increased cenably.

KEYWORDS: Three Tier Self Evaluation ModeTeaching- Learning Strategy; Acquisition of
Knowledge and Skills.

OVERVIEW OF TERTIARY EDUCATION

“The growing internationalization of economies affects the world of work, with rapid and

frequent change, the introduction of the new technologies and new approaches to
organize companies. Employees need both to update specific job related skilts and
acquire generic competencies that enable them to adapt to change. The knowledge, skills
and attitudes of the workforce are a major factor in innovation, productivity
competitiveness and they contribute to the motivation, job satisfaction of warléthe

quality of work™ [1]. Educational scenarios across the globe are reflecting the spirit of

change and experimentation owing to the transforming needs of the pnodessid
workplaces on one hand and the economies and societies on the otherialndustr
economies have shifted from manual to technical and scientific skills, and this clange h
serious implications for the students entering job market today [2]. Contergp
educational research and analysis of education, especially the higher education,estress th
need for the traditional pedagogical practices to be aligned productively with the
environmental changes and demands. Academic and professional institutes bear greater
responsibility in training students for addressing economic, political, societajlalpal
problems and for providing better solutions for improving qualitwafk and life , theirs
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and of others around them. This implies that universities must be connettiettheir

larger environments and must endeavor to produce professionals whpake da meet

the demands of the changing economy and workplace, who can serveothiedge
societies with professional practices and who are characterized to be life lifelong learners

[1].

The higher education is no more limited to producing graduates with impresgjrexed

as an indication of their having accumulated sufficient technical knowledge in a specific
domain to start their chosen careers. Today, higher education is priow@rdgrned

with producing individuals who are independent learners and confident thinkehsaa
undergone sufficient training towards acquisition of specific skills which guidlém to
assume roles and responsibilities which contribute to their professional and societal
undertakings. “Our graduate schools of science and engineering are therefore important

not only as sources of future leaders in science and engineering, buasalan
indispensable underpinning of national strength and prospesitgtaining the creativity

and intellectual vigor needed to address a growing range of social and econoreitiso

[3]. There has been an increased emphasis on training students on litetiapp of
acquired knowledge on work related and actual methods for the developimi@ o
crucial professional skills , also to train them on the processes of enqablem-based
learning skills; engaging them actively in the learning process and to inculcateityreativ
instead of treating them as passive recipients of theoretical information[4]; and on
developing higher order thinking skills, problem solving abilities and eduedtio
experiences of students to revolve around responsibility and judgment [5]

Professional education has been completely transformed under the wake ofrdentdop

in the global and economic environment and in turn the changes that shaped tbe field
education. Today, professional medical education is vibrating with the competeszy b
curriculum, self-directed and problem based learning with constant quality improvement
and faculty development [6]. Similarly, engineering education is resonating itle®c

of reinventing the engineering education to produce engineers possassikgowledge

and having the desired attributes of being problem solvers and lifelong learners
Engineering professionals and societies are all the more concerned about the quality and
effectiveness of engineering education and regarding the possibilities within eimginee
education that would enable these technically grounded graduates to be better prepared to
work in a constantly changing global economy [7].

DEVELOPMENTS IN ENGINEERING EDUCATION

Engineers and scientists are the people who provide the framework thatt soypo
industrial and technological frontiers in terms of the machines and mechanisonghthr
research and development. Considering their importance to the present technological
driven and industrial based environmend also to “all the ways in which scientists and
engineers contribute..., it is time to review how they are educated to do so” [3]. Modern
engineers work in teams when they conceive, design and implement the ppoolcess,

or system. Teams are often geographically distributed and international. Esgineer



INSTRUCTION AND LEARNING IN ENGINEERING EDUCATION 150

exchange thoughts, ideas, data and drawings, elements and devices with othrets aro
the work site and around the world [8]. “Engineering will only contribute to success if it

is able to continue to adapt to new trends and provide education to the neatigeradr
students so as to arm them with the tools needed for the world as it withtb&s it is

today” [7]. “The demands on practicing engineers are changing, and the system for
engineering education must necessarily change with those demands. Reinventing
engineering education is definitely an important concern and it has a much voger s

than mere curricular changes. Engineering education comprises “the teaching, learning,

and assessment processes that move a student from one state of knowledge and
professional preparation to another state”. Furthermore, “engineering education must

provide opportunities for team based problem solving”, and “where they are trained to be

lifelong learners” [7]. “For reasons of both globalization and public interaction, engineers
must have an understanding of people with different backgrounds deckmkifcultural

values and must be able to interact with them effectively. Thus, engineersenmsté
broadly educated than in the past, and they must be able to understand the ntéder co
and effects of their work. Successful engineers in the global workplacemeddmore

than technical knowledge and skills. Students today must be taught to be lifelorgslearn
ale to think critically and be adept at locating, evaluating, and assimilating information
from many sources [9].

The needed change in engineering pedagogy is justified considering the ghailigin

and the role that engineers were required to play in order to adequately respbead
transformed environments and this fact was endorsed by Charles M Vest, President
Emeritus MIT (2007) “Perhaps I am so old fashioned I still believe that masterfully
conceived, well delivered lectures are still wonderful teaching and learning experiences.
They still have their place. But even | admit there is a good deal of truttah my
extraordinary friend, Murray Gell-Mann, Winner of Nobel Prize in Physics9 ligs to

say, “We need to move from the sage on the stage to the guide on the side.” Studio
teaching, team projects, open-ended problem solving, experiential learningeraegag

in research, should be integral elements of engineering education [8]. “There are some

things that are probably most efficiently learned by rote, such as numbes, spatlings,
multiplication tables; these are skills that are most useful to us when they have been
practiced sufficiently to become automatic. There are also bodies of knowledgeufhcts
information) that it is reasonable for society to expect teachers to teachrgngpils to

learn, although there are still debates about what knowledge and whose knowledge is
most important. However, the exponential increase in the amount of factual infeormatio
in recent years and for the foreseeable future, coupled with the rapid charihpes in
nature of employment, indicate that there should be far greater emphasis on learning
which can be transformed and applied to new circumstances than on leartsngnfhc
procedures applicable only in situations closely similar to those in which they were
learned. Indeed, it is the need of the whole population to be able to translatéegomet

what they learn” [10]. Therefore, effective teaching requires that educators adapt,
develop, and hone their teaching skills to increase the level of student ledmnihis.
fast-moving and rapidly transforming environments, it is important to ads@ss
teaching is changing and whether the changes are effective [9]. Of the varimus fac
affecting quality of engineering education, teaching process is one Fatulty
Inadequacy and poor student Performance were identified as major impediments
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engineering education programmers [12]. “In 2007, with support from the National
Science Foundation, the National Academy of Engineering convened a committee of
engineering educators, leaders in faculty professional development, and experts in
teaching assessment to organize a fact-finding workshop and prepare a succinct
consensus report that addresses the development and implementation of a system to
measure the instructional effectiveness of engineering faculty members. The tchtmg
committee was to identify and assess options for evaluating scholarly teaching (referred
to in this report as “teaching effectiveness”) which includes a variety of actions and
knowledge related to faculty members’ content expertise, instructional design skills,
delivery skills, understanding of outcomes assessment, and course management skills”

[9]. Effective pedagogy need to flicate “student learning of critical personal and
interpersonal skills, and product, process, and system building skdisimnltaneously
enhancing the learning of the fundamentals [8].

INTRODUCING THE THREE-TIER SELF EVALUATION MODEL

The teaching- learning model presented in this study is developed in the vedkthese
changes in the global context especially with the trends shaping up higher education
scenario. The 3- Tier Self Evaluation Model [13] is a teachitearning technique which
combines the benefits of a variety of current valuable academic practices (which are
briefly referred to later in this paper) that establish the validity of the model’s conceptual
framework and its applicability. It ensures structured and conscious teachinmdear
towards attainment of observable outcomes. It promotes students’ performance in terms

of mastering the knowledge (content) and also skills (applications). The modgilgsro
opportunities to develop and strengthen cognitive abilities on one hand, and ldaracy
the other.

Step 1 ePre instruction Assessment
Step 2 eContent Item Instruction
Step 3 eStudents' projects/Assignments
R N
Step 4 eFirst Tier: Criterion based
. . *Second Tier: Peer performance based
3 Tier Self Evaluation e Third Tier: Standard sample base.
) J
Step 5 ePost Assessment

Figure 1: The Three-Tier Self Evaluation Model
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STEP 1:The students are assessed on the contents (knowledge) and application (skills
about a prescribed curriculum item.

STEP 2: The students are taught the topic according to the plan.

STEP 3:The students are given a project based on the taught content item. jEbe pro
can be any practical assignment or activity that provides an opportunity to
apply the knowledge related to the taught content.

STEP 4:The students, under imsttor’s guidance, evaluate their completed project in
three stages:

o First Tier: They evaluate their work against the criterion provided to
them by the teacher as a checklist. (this criterion was also covered
during the classroom instruction of the taught item.)

o Second Tier:They review their peers’ work and then evaluate their
work once again for greater insights into their understanding of the
taught concept.

e Third Tier: They evaluate their work in comparison with an
acceptable and standard sample project/assignment provided to them
by the teacher.

STEP 5: Finally, the students are given a post-test similar to the one given at the
beginning of the instruction to calculate the difference in students’ knowledge
and skills brought about by the teaching- learning process. Alsiergs
improve their assignments for final submission for teachers’ evaluation.

EDUCATIONAL PRACTICES & THEMES SUPPORTING THE MODEL

This model realizes that “an important aim of education is to bring about learning with
understading” [10] and views “learning as an interpretative process” [14]; thus, students

are not passive recipients of knowledge that is provided to them by their tefdjers

The model provides a framework for “deep learning” [10] and “real learning” that calls

for opportunities of “interaction with people, ideas, things and events in the real world”

[16], since Interaction has been identified as vital to learning process $b¢éjal
Interaction particularly with peers promotes the development of cognitive abilities and
provides opportunity for self-criticism and self-correction [18]. Thhe, model is built

on the “social constructivist approach to teaching and learning” [19] which “regards
individual cognition as occurring within a social context and suggests that collaboratio
between individuals in a social learning environment is an essential aspect of any
educational experience” [20]. It ensures greater understanding and more meaningful
learning by providing an opportunity to formulate and reformulate knowledmgpugh
exploration and application; and recognizes the fact that students learn best through
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experiences, and when they are involved in problem solving activities. Thizatiea
together with a changing emphasis from teacher- centric instiuotstudents’ centered
learning has led to the development of newer classroom methodologies like the project
based learning, inquiry based instruction, problem based learning etc. [21].

The Three Tier Self Evaluation model is, quintessentially, a tool for formative imesdss
since “knowing about pupils' existing ideas and skills, and recognizing the point reached

in development and the necessary next steps to take, constitutes what we undebgtand to
formative assessment [10]. Also, “for students to be able to improve, they must develop

the capacity to monitor the quality of their own work during actual productibis in

turn requires that students possess an appreciation of what high qualitig vibet they

have the evaluative skill necessary for them to compare with some objectivity the quality
of what they are producing in relation to the higher standard, and that thelpmev

store of tactics or moves which can be drawn upon to modify their owk dés argued

that these skills can be developed by providing direct authentic evaluative experience for
students. Instructional systems which do not make explicit provision faaciipgisition

of evaluative expertise are deficient, because they set up artificial but potentially
removable perfamance ceilings for students” [22]. Furthermore, learners who had
awareness about the learning objectives and the assessment criteria and had the
opportunities to reflect on their work showed significant improvement in their
performance as compared to other learners who were taught on more traliitésni3,

24]. Studies have revealed the possibility and the benefits of students’ generated feedback

on their own work [25]. Formative assessment allows students ownershipeiof
learning process, and enables them to become self-regidateets. Students’ capacity

to assess their work and to generate feedback is a trait which must be exploited
beneficially to support greater learning at higher education level [26].

IMPLEMENTATION OF THE MODEL

Participants

The model was implemented at a public sector engineering university at undergraduate
level with a class of third year students enrolled in a compulsory courseedsis
communication and engineering ethics; hence all the students in this intag grou
comprised the study sample. The total number of students studying ttss ebwarious
departments of this university constituted the population of about 1800 tstudéwe
students’ previous academic background remains constant owing to the eligibility for
admission to this undergraduate program. The sample size that was initially planned to
collect the data was 60, the mortality hit this longitudinal study and eventually the sample
size is reduced to n=48; which includes 75% females, and 25% males. The age range of
the participants is 2 years with maximum age 21 and minimum 19 years.

The study was carried out by the investigator herself who was the coursetorsas
well. The research ethics were kept well focused with taking the participants i
confidence and sharing with them this model of teaching and learning. tiso,
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academic routine was undisturbed and no time wasted, since the model was implemented
while teaching a prescribed curriculum item; and the steps of the model also coincided
with the students’ assessment and assignments procedures prevailing at the academia.

Instruments

1. Pretest: administered at the outset of the study

Criterion checklist

3. Evaluation sheets. three corresponding with the three stages of evaluations:
criterion, peer performance and sample- based

4. Sample project

5. Post-test: administered at the end of the study.

n

PROCEDURE

The student at the start of the teachinigarning of the new curriculum item were given

a pre-test comprising two sections: first section contained objective type qadxised

on theory and the second section comprised one question checking students’ skills in
applying the theoretical concept. Following this pre study assessment, the students were
taught the concept using direct teachistgdents’ solving the given cases and activities,
classroom discussions and verbal question answers. After this two-wagksdesroom
teaching and learning during which students were introduced to the theoell &S \its
applications, the students wegiven an individual project with a week’s time to
complete it. The 3 Tier Self Evaluation process began with the students bringfivajy in
assignment ready for submission on the scheduled day. They were egrowid
“criterion” as a checklist (developed around four aspects of the assignment) in printed
form along with the evaluation sheet. Each student evaluated his /her owrt psijec

the given criterion using a ten points’ scale for each of the criterion and recorded their

points on the evaluation sheet. The evaluation sheet also specifically enquired them to
reflect upon the learning experience and provide their observations. The crtests

and the evaluation sheets were collected from the students after they had put in their
reflections. Then, they were taken through the second tier of evaluatiorobidipg

them with the a new evaluation sheet with the same scoring and observation imstructio
only this time they had to silently go through minimum three assignmettigiopeers.

Once thk students had completed review of their peers’ projects, they were asked once

again to self-evaluate their project and to score it using the given points stakrard

their observations on the provided evaluation sheet. The students returneskdoeid
evaluation sheets and were then shown a standard acceptable sample projestaghich
carefully illustrated by the teacher. The students were not given a copy ahtpk dut

were only made to carefully analyze it. Following this, the students were askedllip f
evaluate their individual projects using the same evaluation sheet and procduure. T
students returned their evaluation sheets after recording their observatiome as the
previous two stages of evaluation. The three evaluations were carried out Bmbe s
sitting by scheduling an extra class, this ensured consistency of evaluation.
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Following the completion of three- stages of self-evaluation the students wereagiven
similar post-test to ascertain the difference brought about istuients’ knowledge and
skills through the teaching learning process entailed in the preceding paragnaph.
students also improvised their projects incorporating the learning experieoneshé
three stages of the self-evaluation.

DATA ANALYSIS
Degriptive Analysis

Table 1 summarizes the descriptive statistical analysis conducted to compase tuedPr
Post-tests of knowledge and skills. The mean score of pre atitepoef knowledge has
a remarkable difference i.e. from 0.2917 to 5.0006 (out of T} shows that the three-
tier model has enhanced the knowledge of participants significantly; althinegh
variation has also increased in the knowledge of the participants. Sjmttelpre- and
post-tests of skills also showing a considerable improvement in tile ek the
participants; however in this case the standard deviation is not much changed

Table 1: Descriptive Analysis of Pre- and Post-tests of knowledge and skills.

N Minimum Maximum Mean S.td'.
Deviation
Pretest Knowledge 48 0.00 2.00 0.2917 0.49286
Pretest Skills 48 0.50 3.00 1.7292 0.54537
Post-test Knowledge 48 1.67 10.00 5.0006 2.14691
Post-test skills 48 5.00 8.75 7.2448 0.90725

The descriptive analysis of three methods of evaluation (Table 2) realatlthe two
methods criteria and peer evaluation has similar mean scores i.e. aroundl2heh
mean score of ‘standard evaluation’ is quite different and in fact low as compared to the
other two. This strongly supports the idea that standard-based evalsigtificantly
from other methods of evaluations.

Table 2: Descriptive Analysis of three methods of evaluation.

N Minimum Maximu Mean S.td'.
m Deviation
Criteria 48 20 39 32.03 3.497
Peer 48 20 39 31.67 4.039

Standard 48 11 32 23.27 5.580
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The correlation matrix (Table 3) of three methods of evaluation alsessthat the three
methods of evaluation are strongly correlated and are all significant at ¥ iBha

high correlation between criteria-based evaluation and peer evaluation. However,
standard is more closely correlated to criteria-based evaluation as comparmer-to p
evaluation.

Table 3: Correlation Matrix.

Criteria Peer Standard
Criteria 1 0.486" 0.416"
Peer 0.486 1 0.355
Standard 0.416" 0.355 1

** Correlation is significant at the 0.01 level (Ji¢al).
* Correlation is significant at the 0.05 level (2i¢d).

The paired t-test analysis (Table 4) of pre- and post-tests @fl&dge and skills show
that there is significant difference between pre and post-tests ofkhothledge and
skills. The 95% confidence intervals even reveal that a minimum incrégsesitive
4.07 in knowledge and 5.07 in skills occurred.

Table 4: Paired Sample t-test.

Paired Differences

95% Confidence Sig.

rostiest s, o Interval t df (>
€N peviation FIOT " &f the Difference tailed)

Pre-test Mean

Lower  Upper
Knowledge 4.71 2.17 0.31 4.07 534 15.03 47 .000
Skills 5.52 1.04 0.15 5.21 582 36.58 47 .000
FINDINGS

Through statistical analysis, the study has the following major findings:

e The 3- Tier Self Evaluation approach has created the difference in the learning
of the students as revealed by the pre and post-test analysis

e Knowledge and skills both can be enhanced through this approach.

e Standard evaluation is different as compared to criterion and peer

e All three methods of evaluation are strongly linked with each other

e Overall three-tier approach is a successful model and can be implena¢nted
tertiary level of education.
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The students’ reflections and feedback indicated the following major benefits of
employing this instructional technique:

¢ Active involvement of students which enhanced their interest.

e Better opportunity for self-analysis of their work and perforoeaand a chance
for self-correction and improvement.

e Greater insights into the important aspects of the taught curriculutantan
terms of its basic knowledge and applications.

e Awareness to various possibilities and ways to approach the subject while
undertaking the projects. Identification of gaps and alternatives in getela
environment with no fear of criticism from instructor or peers.

e Enhanced confidence and self-esteem in case of students whosésprajex
identified to be better than their peers.

CONCLUSION

The study revealed the model to be a useful instructional practice which esmbin
classroom teaching and testing on one hand and students’ acquisition of knowledge and
practice on another. The self-evaluation technique fits into the formativesaeses
philosophy providing the students a chance to master the conceptmgmdve
themselves before their final evaluations. The three tiers gradually broaden their
understanding of the content and take them on systematic analy$iie qfossible
applications. The strategy enabled students’ to be active and autonomous learners and
promoted the beneficial learner traits viz. reflection and reasoning. Thel rolends
well with the current academic trends and offers possible solutiorafor mhallenges
that teachers faced in public sector educational settings like: how to tedctovdedge
and skills acquisition; how to combine theoretical teaching with applicatiods an
students’ projects; how to carry out formative and continuous assessment alongside a
lengthy and challenging curriculum; how to handle assessment, monitorifdgeatthck

in large classroom settings, how to beneficially incorporate peer learnshgacial
interaction to change the instructional environment at public sector institutes.

FUTURE RESEARCH AREAS
The study brings in the opportunity of exploring the followiagpects of the
implementation of the three tier evaluation model effectively for enhastigtbnts

learning and performance:

e An experimental study using a control group for a greater insighttdbe impact of
the three stages of evaluation
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The study may be planned across different subjects and couredoft
undergraduate engineering education to see the subject specific trends.

The model can be used for different academic programs at higher education
The model may be testedtidifferent students” population specifically at different
academic levels.
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ABSTRACT: Globalization has focused considerable attentinneducational needs relative to the
branch of civil engineering and the problems conedrwith repairing buildings damaged through wars,
floods or earthquakes in Arab countries regions €ivil engineering education has become a key to
open the major knowledge resources of problems d¢batern the society. With new technologies
constantly being introduced across the world (ifternet), there is an increasing need for improved
engineering education or at most improved civilieregring education. Civil engineering education is
rapidly evolving as the use and speed of techncédginnovation in the knowledge-based society
accelerates of major problems. In recent yearsethave been essential changes in the educatits too
and technology in terms of content and knowleddety. The quality of engineering education today
is one of the main issues for the education experfsab countries. The complex global environment
requires excellent technical skills. On the othandy the global job market needs interdisciplinary
knowledge and multidisciplinary skills. An integedt (interdisciplinary) approach toward a flexible
education program is gaining popularity among ettusaThis paper addresses some critical challenges
of civil engineering education in Arab countrigsstresses the importance of creating a highlygnatied
and learner-centered educational environment teiggamultidisciplinary education. It also descrikees
few learning techniques that can be applied by Amgineering educators for developing
multidisciplinary skills.

KEYWORDS: Arab Countries; Civil Engineering Education; Intieiplinary Approach to Learning.

INTRODUCTION

Globalization is a topic frequently discussed by education experts in mantyies. The
trend of globalization is accelerating and making the world as a small village. Th
technological environment is constantly changing from one day to andtieeadvances

in telecommunications, transportation and education tools have led to deepschmating
global environment. Modern telecommunications networks in some Araliriesun
provide the exchange of information on a global scale. Rapid technolqyaless
leads to new construction materials, new construction methods, and neweegimg
knowledge. National boundaries between Arab countries are much less dertoeab
capital, goods, and skilled labor than European countries in which reduicgetiaetion
between them. The economies of the world are becoming moreeipésrdient. In this
global corporate environment, technical professionals from Arab countriesoaieed to
work as part of international teams and devise solutions, whitibe implemented
across national boundaries of their countries. There is a need taivel§ecteach
future civil engineers who will be involved with the developtmd new construction
technologies in the 21century. In recent years, there have been essential changes in
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civil engineering education in terms of what is required in teaching (syllandshow to
teach (knowledge delivery and education tools). The quality of engigeeducation
today is one of the main issues for the education experts.

The impacts of globalization on the engineering profession consbgu@rates a
challenge to understand what it means to be a civil engineer in the 2iistyagiobal
economy and how best to prepare the engineers of the future. Asedwahtors, we
must prepare engineers with the skills needed to drive and beaosgfitHiese changes. In
order to learn how best to prepare the engineers of tomorrow 8 understand the
future nature of the engineering profession. By understandingskil that will be
required of business and construction we can add to the knowledgef leamsgneering
education and better prepare the engineers of tomorrow [1].

The knowledge-based society poses critical challenges to Arab educational institutes and
universities in various aspects: expert engineering teaching staffatde technology

and education tools. An integrated (interdisciplinary) approach toward legiblé
education program is gaining popularity among educatorsiiopEan countries,
since it ensures the necessary evolution of engineering edutatineets the
modern society requirements [2]. Flexible education provides studétitsa wide
variety of learning resources, and the opportunity to acqwigeavariety of skills.

The education process in some Arab countries needs to be improveskarale, the
damages of the constructed buildings in some Arab countries and sp&eigljuring
wars and the reconstruction process that carried out through tlyedast had made the
civil engineer in Irag gain a lot of experience. The engineering dwese faced many
reconstruction problems and solved it. But, the engineering education istggposed to
these severe conditions needs to be improved to close the gap betweeseramgin
education in some Arab countries. Although, the education in Iraq leesl these
severe conditions and used the simplest available education tools, the mmginee
students have gained a lot of practical information from their teaching tktafigh
discussing the problems and solutions. The benefit of this pradéselp other Arab
countries that may be exposed to similar conditions in facing prob&erdsobtain
solutions through the interaction of educational process between Atatries and
improving education tools. Some Arab universities that have a major genaio in
their engineering education may help other Arab universities in irmgrotheir
educational process. This paper addresses some critical challenges of civil rargginee
education in some Arab countries; it stresses the importance dfngrea highly
integrated, and learner-centered educational environment to proultidisciplinary
education.
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GLOBALIZATION AND CIVIL ENGINEERING EDUACTION

The globalization of jobs is the final result of the knowledge-drivamonomic
development. The mobility of technical professionals and engigeaching staff
between Arab countries is increasing; the job market is dixgarand becoming
global. Thus, the education experts today face a new sethaifenges for
education in civil engineering disciplines. With new technologies consthaihg
introduced across the world, there is an increasing need fotificiand engineering
education. The global job market requires excellent technical skills, sousteeducate
engineering students fomore sophisticated jobs and how to face major problems. On
the other hand, the global job market needs interdisciplinaryowlkedge and
multidisciplinary skills. Among valuable qualifiers for tdchhprofessionals are
also constant self-development and intercultural teamwork. Experts assert hinatatec
professionalism is not just about having technical competences, but it is alsb ab
mastering the principles of behind business, strategy, processtudndts [3]. They
emphasize that construction companies wants university to supply liegatated,
and technically competent individuals who, preferably, have some expenieridag in
multidisciplinary, " team-based projects" [4]. The critical challenge dducation
experts is to provide students with the skills required for the giebal economy,
without sacrificing the deep foundational knowledge, to teach them hovintoabross
disciplinary boundaries. Therefore, we have to adopt a new philosoptwdaredge
delivery.

For teaching engineering students in the highly diverde ahallenging global
environment, Arab educators must take every advantage of bailiotral methods
and new approaches to engineering education. Some Europesis eaffer a set
of education strategies that could be applied by educational nwmrtage@nhance
engineering education in Arab countries:

e Active/cooperative learning (educators use instructional activities, whiageng
students in doing and thinking instead of passive listening).

e Technology enhancement (computing resources are introductm in
classroom to enhance learning by using software tools)

e Justin-time learning (theoretical concepts are introduced when students
experiences create a demand for them).

e Curriculum integration (learning activities are restructured to build contextual
connections between topics) [5].

Let us summarize the benefits that educational managers can gain frgmnthese
strategies:
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1. These new education strategiwill support educators in their effortsto
improve teachig and instruction & that each student meaachieve at highe
levels, whid is themission of all professional dewgment [6].

2. The werld is constantly chajing; in this dpamic global environment
only innovative companies will staycompettive. Innovation begis with
creativity. Using these strategiese can develop a favorable educational
environment, where students will haae oppotunity to create to innovate, and
to enhance their creative thinking and their creative potential.

3. Thisnew educational environment suppotte developrart of engineering students
personal identities as active and capable learners who ddhav learning tohe
best of their ability is their main task.

4, For a emgineer, it is very important to pdate his knowledge to keep
step with fast teclological pogress New education strategies ypapecial
attention to developg life-long learning skills, which is vitalfor technical
specialists today. These strategies are intended for providing studentmwith
education so that theyxan develop themselves, to their intellectual and
professional growth.

5. Computer tectologies are kanging the way studentslearn; tkey offer a great
promiseto both teachers and their studen®omputer networks prode new
alternatives for creating, stag, accessing, distributing,nd shering learning
materials. They mee available new lwannels for interaction betweeretchers
and duderts, teacters ard teachers, ard dudents ard dudents. Umg modem
computer technologies a& tool students can solveomplicated probles and
to acquire designing skillsComputer-based learrgnis ganing popularity
spurred by a graving need for a life-long education a demand for non-
traditional leaning ervironments, ad the overall flexibility this learning
provides for both the student and the teacher [6].

LEARNING STYLES

Students come with a wide variety of abilities, attitudes, interests, ambaiotidevels

of motivation, and instructional methods that are effective for sontersts may be
relatively ineffective for others. For example, one engineering studeght be
comfortable with relatively abstract theories and mathematical models and anather mi
be much more receptive to concrete material such as lab experiments and indastrial p
operations. A theoretical and math-intensive course would probably lsé more
effective for the first of these students, and a practical handsunse would be a more
positive experience for the second one.
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A student’s learning style is the way he or she characteristically takes in and processes
information. Learning styles provide good clues to the instructional me#tadents are
most and least comfortable with. If you know the range of styles thegjarize the
students in your class, you can design balanced instruction so tettdalhts are taught
sometimes in the manner they prefer, keeping them from becaotunghcomfortable to
learn, and sometimes in their less preferred manner, forcing them to stneltctevelop
skills in areas that they might be inclined to avoid if given the choice[7]

Active Learning

Active learning is anything that happens in a class that engages stuidentevwnaterial
being presented. Students might be called on to work individually smail groups for
brief periods of time to answer questions, start problem solutions, fiteps in a
problem solution or derivation, brainstorm lists, troubleshoot gsmse or think of
questions about the material just lectured on. At the end of the allotted pieod,
instructor calls on several individuals or teams for their responsesgcdiients more
responses from volunteers, and moves on when the correct answerrhabthged and
it seems clear that the students understand it.

Good things happen in a class when active learning is used, even if it’s only for a few
minutes out of an hour-long class. Activity refocuses studentshatie drifted off into
mental breaks and energizes the entire class. If the activity requires the staddmts
something they will later have to do on homework and tests (suchasv and label a
flowchart or free body diagram, outline the solution of a problestimate the value of a
process variable, do some computations or parts of derivations, @ gpnwith a
theoretical interpretation of an experimental observation or a data set), there will be
much better chance that they will be able to do it on their own when the timesco

Collaborative/Cooperative Learning

Collaborative learning refers to two or more students working tegett an assignment
or project. There are several reasons for getting students to workocatlably in

lecture courses and not just in labs and the capstone design cdwese callaboration is
traditional. Engineering students will have to work in teams in fireilessional careers,
and their performance evaluations could depend more on their abilityriowedl on

those teams than on their technical skills. One of the mandated outcorsesnén
engineering criteria is the ability to work in multidisciplinary teams, andients are
unlikely to acquire high-level teamwork skills if they only work '®ams in one or two
courses. Perhaps most importantly, hundreds of research studies Have that

compared to students working individually, students workingvel-functioning teams
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in a course learn more, learn at a deeper level, are less likely to drop ougvalapd
more positive attitudes toward the course subject and greater confidenemsaeles.

The way to maximize the benefits of teamwork is to use cooperative leaarsabset of
collaborative learning in which the teacher builds in measures to assureivihat f
conditions are met:

=

Positive interdependence. The students have to rely on one anotier éffort

to be successful.

2. Individual accountability. Each team member is held accountabéwédoything
in the assignment or project, and not just the part for whiatr Isbe may have
had primary responsibility. If students don’t understand what the team did, they
do not get credit for the work.

3. Faceo-face interaction, at least part of the time. Much of the learning in team
projects takes place when the team meets to discuss, debate, and reach
consensus on solutions to problems. If the team simply dividesdhle and
staples the individual parts together without discussion, it is not cooperative
learning.

4. Facilitation of interpersonal skill development. Students are not borntlveith
project management, time management, communication, leadership, and conflict
resolution skills needed to work effectively on a team. For team assigntoents
qualify as cooperative learning, the teacher must take steps to help the students
develop those skills.

5. Periodic self-assessment of team functioning. At regular intervesteams

must be required to reflect on what they are doing well as a team, ayat t

need to work on to improve the team functioning, and whatyifréng they will

do differently in the future.

Problem-Based Learning/Project-Based Learning and other Inductive Approaches

The traditional approach to engineering teaching is deductive, procefdmmgthe
general (principles and theories) to the specific (applications). In mostesputse
teacher lectures on theories, principles, and mathematical methods and algorithms; gives
assignments in which students practice the methods and algorithms; aisblatetimes

much later) gets to applications. Engineering curricula work in muelsame way. The
students spend the first year learning basic science and mathhé¢heext two learning
mostly civil engineering science, and as seniors take the desigresaurahich they

apply some of the fundamentals taught in the preceding three yetasigo a structure.

The main problem with the deductive approach is that it is not hadeists normally
acquire and retain new knowledge and skills. Rather, they do sobgmting problems
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that they need or want to solve; trying to accomplish their goal welirag they already
know and can do; discovering that more knowledge or skill is neededhénacurrently
have and identifying what it is; gaining the required informatiom{flmoks, classes, or
observations of others solving similar problems) and adding it toekisting knowledge
base; and practicing the required skills repeatedly and observing #auatimgf on the
outcomes of each attempt. In other words, people learn new material featively
when they perceive a clear need to know it in order to solve a praiemeet a
challenge. If they are simply presented with a body of new materdatcdah that in a
month or in two or five years they’ll be shown why they need to know it, they are likely
to learn it at best superficially [8].

An alternative and more effective instructional approach is to teach inductively,
presenting students with problems before they have been taugyithegthey need to
know to solve them and then teaching the required material once dlemtstean clearly
see why they need to know it. There are many variations of threagh with different
names and somewhat different emphases, including problem-basethdeanquiry-
based learning, discovery learning, néednow learning, and just-time learning.
These methods are initially less comfortable for instructors than straightfbr
deductive presentation of material, and they can at first be distressinglémtst who
may not appreciate having to deal with problems they have not taeght to solve
beforehand. Since induction is how people actually learn, howevertuthenss taught
this way are likely to end up with a much greater mastery of thelkdge and skills the
instructor wishes to impart.

Formal problem-based learning calls for giving students significesttlgms whose
solution requires the knowledge and skills normally taught in the courséhemthaving
them work through the following steps, usually in teams:

1. Define the problem.

2. Build hypotheses to initiate the solution process.

3. ldentify what is known, what must be determined, and what to do.

4. Generate possible solutions and decide on the best one.

5. Complete the best solution, test it, and either accept it or reject it and go back
Step 4.

6. Reflect on lessons learned.

The instructor serves primarily as a consultant, lecturing only whemekd for new
material arises in the context of the problem. A related but less formalciienal
approach is project-based learning, which means that most of the lesrrangourse
takes place in the context of projects, with lectures playing a sulysidlaror not taking
place at all. The way the reinforced concrete design course is usually imygbject-
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based learning, as is the engineering laboratory in which each expegarenbe
considered a project.

INTERDISCIPLINARY APPROACH TO LEARNING

Modern knowledge-based society needs professional civil engineers whteara,
create analyze ancedgn. If we concentrate our efforts on creativity, we’ll be able
to succeed in knowledge-based development. Experts poitftapititerdisciplinary is
a key to sustaining knowleddased development, since “no single discipline can be
capableof dealing adequately with the complex realities of the knowledge societies”

One efficient way to provide multiand trans-disciplinary engineering education
an essential aspect of modern society developmentis to incorporate
interdisciplinary approach into academic programs. In otherdsyo old-style
teaching and rote learning must be replaced by more progressikiods. In order to
become an integral part of the global environment an educational instantes
universities must revise its academic programs, and consider their relevaheenteds
of the knowledge-based society. Educators recommend applyhreg so-called
integrated approach to academic programs as a universal and cphatfam for
studies [9].

This approach is aimed at intellectual fusion; the program nawesent the
convergence of disciplines and it must have stronger ties to the akgiational, and
global communities, e.g. through program content, distance learaimd), internship.
The distance learning in Arab countries still have problems and thetmpiafshigher
education in many countries does not recognize this way of learnisgettommended
to recognize distance learning and make the rules for this type of leartiregfuture of
Arab countries. A defining characteristic of the program shohkl substantial
breadth and significant depth across the technical and gemsetgkects.
Multidisciplinary programs are notable for their interdisciplinargdet for content
and integration of topics; general studieBumanities, social sciences, management,
languages, other engineering fieldsare integrated with professional studies of civil
engineering. The benefit of such program is given below [10]:

1. Improving the quality of engineering education and trainisygstems:
developing the skills needed for a knowledge society, identifyiagy
basic skills and ways of integrating them into the curriculagaide the
traditional basic skills.

2. Ensuring access to the internet for everyone and providing aeequ
equipment and educational software; encouraging the best use of teactiing
learning techniques using computers.
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3. Facilitating the access of all to education and training: creating an environment
conducive to learning, making learning more attractive, and ®gumpo
active citizenship, equal opportunities and social cohesion.

4. Opening up education and training systems to the wider world:
strengthening Arab countries cooperation, strengthening links withahd of
work, research and society as a whole, developing the spirit of enterprise,
improving foreign language learning, increasing mobility and exclsange

MULTIDICIPLINARY EDUCTION

The internal educational environment or learner-centered educational envitonmen
comprises the internal resources of an educational organization interdiedtfuction
and learning [11]:

1. Non-human resources (physical and technological environment, financial
resources).

2. Human resources; instructional environmenteaching materials, documents
regulating the learning process.

The internal educational environment is not a collection of separate segments, but a
complex system. A complexity of the system is due to a combinafiite subsystems

that function together to achieve a common purpose, though the natuiteesef
components varies greatly through the system. It representsnonpéeon;i.e. the
performance of the whole system is nogu# to the total sum of its separate unit’s
performance. Such system allows the involvement of gradual groadtiition or
modification to an existing environment structure. To be efficiemhust work as a
unitary whole. A change in one subsystem affects other debsysas well, because they

are interdependent.

The components (subsystems) of the internal educational envinbnmast be
interconnected and coordinated, the higher integration between the em®viton
components, the more effective the performance of the echaladiganization. Thus,
if we try to manage these components independently from each wthevill decrease
our potential success. The interaction between the internal environmegsteuiss is
essential to improve the echtional organization’s resources (human, non-human, and
instructional) to the greatest benefit for all learners.

Only highly integrated educational environment is appropriate for addastodies; it
allows to cohere the knowledge among classes, and to offer studentgpdintimipy to
acquire a wide variety of skills. It points on the following:
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ensuring effective and coordinated leagwppotunities for all students;
providing efficient material base;

¢ ersuring effective athcoordinated expert and instructiorpgart;

¢ ensuring collaboration proficiency anfiextive communication.

Being a learner-centered medium, the highly integrated educational enwuiotsne
characterized by the following teaching aspects: arranging for interdetiveing and
interactive material delivery, giving students the opportunity to sditierent
problems, offering students team work combined with individuatkw@enerating the
atmosphere for critical and creative thinking and problem-soldsga result, the
integrated educational environment provides the basis for théntggirocess that
encourages continual progress through the improvementheof multidisciplinary
skills, which students have to acquire.

Thus, the learner-centered educational environment is the necpssaguisite for
the implementation of the interdisciplinary approach to studiesthfer approach
presupposes interdisciplinary model for content and integration of vamidjects, i.e.
organized and coordinated learning activities. Multidisciplinary educationoogn be
accomplished in the highly integrated and student-oriented edwataio/ironment.

The interdisciplinary approach to learning as the bé&sisthe learning process
organization involves a variety of teaching tools including the elementsaafwork-

based learning, project-based learning, studies abroad, undergradoate and

research experiences, etc. Future engineers need opportunitiespadence the
workplace; the importance of context and practice for giudents is really high
[11].

DEVELOPING MULTIDISCIPLINARY SKILLS

In order to educate future civil engineers, Arab educators mustviyd to integrate a
multi- disciplinary approach into the learning process. For this perpas may also
make use of the so-called collaborative teaching: to organize multi-fualctams to
work on the project. This process requires the integration dmitad skills, as well
as computer skills, communication skills, managerial skills, langsadis (if the
project involves the international aspect among Arab and othetries), etc.
Teachers of special subjects help students prepare the projectparatmm with
teachers of general subjects and the attending staff, and in theesprouse the
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integrated resources (material, non-material, instructional) of thecatezhal
institutes and universities from any Arab country.

In that way, we prepare students for the changing workplahere cross-
functional teams are common, simulate an environment where studéntdiverse

backgrounds can work together to achieve common goals, and mahge

presentation skills. In other words, we develop the wholeofetultidisciplinary

skills necessary for professionals today, so that future engindeesquire the ability to
integrate their knowledge, making connections between topics acrossmdiffafsects
and disciplines to solve multidisciplinary problems [11].

Multidisciplinary education engages civil engineering learners in perforairayiety of
roles, which associate to those that they may carry out in fealldi the highly
integrated and learner-centered educational environment, we can pravatadmnts
with the opportunity to shape their own roles according to their leargaay orientation
and the resources available to them. For this purpoge, use the inter-
disciplinary education model, which allows educators to useerdiff learning
techniques and various combinations of internal and external raesoufor
developing multidisciplinary skills. This education model embracesrgiiy; it is
suitable for a multidisciplinary engineering educational progeafization.

In the learning process, each student is allocated a particular role/or rolds hefpias
follows [11]:

e enhance their self-capabilities (capacities);

o foster the acquisition of professional skills;

e encourage the acquisitiai multidisciplinary skills;

e stimulate their creativpotential;

e stimulate effective communication, exchange of knowledge mpetience, etc.

SUMMARY AND CONCLUSIONS

The conclusion is obvious the way we teach technical students in some Arab countries
must change. The development of an educational environment naisenbitive to
changes in technology, new developments in teaching, and tpertance of life-
long learning. Arab educators in these countries havepravide civil engineering
students  with a multidisciplinary engineering program that cossbi@ngineering
theory, design and practice with some new non-science skills.
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Educators in some Arab countries have to find the balance betthee general
subjects (languages, social sciences, humanities, other engineeringtiieldand the
civil engineering subjects. Just as the public must know moreut alszience and
technology, engineers must know more about social scienkesjanities,
management, etc. In order to educate future engineers, who will bgedwith the

development of new construction and desigh methods in the 21st ycesducational
institutions must find ways to integrate an interdisciplinary approaohtieir academic
programs, thus providing multi- and trans-disciplinary engingedéducation. Special
subjects and general subjects must be kept in proportion to offéents a better
preparation for life and work in the global environment, ihickwv mobility is

becoming increasingly more widespread and should be in reach obegery

Technical students and their teachers expect their educational experieimvedvio the
use of the whole suite of modern learning techniques, which engag®lithging
aspects:

e active learnig;

e integrative learning;

e cooperative leming;

e interactive learning;

e techrology-enabled laaing;

e justin-time learmg;

e project-based leamg;

e internship;

e work and research experience.
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STUDENTS
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ABSTRACT: A web enhanced project management course in tte §iemester of curriculum can
facilitate the teaching-learning process. Profesaod lecturers faced with trying to cramp in asimof
lecture materials in a shorter semester can mageofishe web to upload lectures that students can
download and study beforehand, give assignmentsui&the internet, post discussion boards that wil
develop critical thinking among students and giveline examinations to help students upgrade their
scores. All these were facilitated through the o$ea learning management system (LMS) called
Whiteboard. This paper will discuss the design dexklopment of a web-enhanced project management
course, a capstone course for graduating Engirgestirdents that integrates all the basic knowlexdge
student has learned in project management. Thelagewent and implementation of a web enhanced
course in Project Management coupled with the uselasfsroom multimedia instruction, active and
cooperative learning aimed to facilitate the temgHearning process compared to the traditional
whiteboard instruction.

KEYWORDS: Web Enhanced Project Management Course; EngineEdngation; Higher Education;
Technology in Engineering Education

INTRODUCTION

Project management involves planning, organizing and managing resourcegsgto br
about the successful completion of specific project goals and objectives. metiraes
conflated with program management, however technically a program is actually a higher
level construct: a group of related and somehow interdependent projectsh®©years,

rapid changes in industry, technology and society has led to significant changes in th
requirements for engineering graduating students. New fields such as constpuajbt
management, engineering management and energy management emerged to meet
industrial and societal needs. New topics such as Integrated Project Planningc&keso
Leveling Allocation, MS Project and Primavera Planning were added to the project
management course. These did not only place considerable pressure on cutialum
allocation but also led to excessive workloads and increased education cesigédots.
Curricula that attempt to remain current with industrial practice by continually providing
courses in the “new technology” are likely to be ineffective. By the time the need is
identified, the courses developed, and the students trained, the new technology has
changed. The education that succeeds will be the one that facilitates lifelong learning,
equipping students with the skills they will need to adapt to change [1].

The truth is, no matter how many new topics were, it will never be possilisath
graduating engineering students everything they will be required to know tivagrgo
to work 2.The Internet has always been a widely accepted tool to supplemiéionatid
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knowledge. If student learning skills can be enhanced and instructor teaemnige
facilitated by integrating the course with a learning management system delivered via the
internet, then our graduates will be more ready to meet the demands ofyirahucstr
society.

BACKGROUND

The BS degree course in Engineering (Civil, Mechanical, and Electrical) isyaad-
course consisting of 139 credit-hours(12 credit-hours Universityresgents, 54 credit-
hours College Requirements, 68 credit-hours Program and/or Departmentgiefents

and 5 credit-hours Free Courses) based on Educational System of Qassim Unigrsity
the University of Qassim, the educational system in the college is based on two main
semesters per educational year. Each semester is fifteen(15) week lerggditiom; an
optional eight week summer semester may be offered. An engineering stualent m
complete any of the engineering programs in eight semesters after the Prgpésator
Program (PYP). A successful engineering student may complete the fulleregots of

the selected program if he completed (after the PYP) a total of 139 credit-hour

One of the general courses in Engineering is Project Management, a 3-yedt sub
offered this semester. Project Management is the capstone course in geneearigiggin
since it integrates almost all the knowledge a student has learned in 4 years of college
education. This course has traditionally been delivered through classroom whiteboar
instruction to engineering students. Often the one semester learning periadficiéns

to fully discuss all the topics for this course.

Software Aided Calculations and Design

Problem solving was made easier by the use of software. Part 1 of tfse edich
required spreadsheet calculation and graphical projections were easily deliveged us
Microsoft Excel. Optimization, material and energy balance problems were made a lot
easier using MathCAD. Students were able to make use of GenCAD or Design |l fo
Windows in the preparation of process flow diagrams and equipment dddign
students were trained in all these software in a separate course (Computer Applitations
CE, EE and ME).

Internet Classroom Assistant (ICA)

Students were asked to log in to a website called Internet Classroom Assistant
(www.nicenet.net). ICA provides a free web-based learning environment forodass
distance learning programs and collaborative academic projects5. Lectures wadedplo
and made available through a free web hosting site called Geocities
(www.geocities.com!gassim _gen _engg) and web links were posted at ICA wher
students can easily access them. ICA also facilitated the discussion of ideag am
students via email.
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Table 1: The course outlines and course requirements of Project Management

PART 1 PART 2
Project Management 1 No of Project Management 2 No of
Hours Hours
Introduction/Orientation Executing Process
Basic Management Approach , Managing 2 Risk Management, Change 3
Project, Project Management Overview , Management, Conflict
Project Manager Management, Angry Management
Steps in Analyzing Case Study 1 Case Study: Batangas Polytechnic 2
College
Individual Presentation-Planning 1 Project Control Process
Initiating Process Controlling Process, PM 1
Responsibility
Linking the project to a product, Problem, 2 Case Study: Good Morning 2
Product & Project Scope, Broadcasting Corporation
Balancing Competing Demand with the 1 Video: Executing & Controlling 2
triple constraints, Project Success, Output Process
Group Oral Presentation-Defining the 2 MIDTERM 4
Pluaghgn-ing Process Project Closing Process
Integrated Project Planning, Work 2 Closing Process, PM 2
Breakdown Structure Responsibility, Post
Implementation Review
Network Logic, Estimating Fundamentals, 3 Case Study : Four ACES 2
Scheduling(Gantt & PERT-CPM), Outputs Construction and Hardware
Quiz 1 1 Hand’s On MS Project and 5
Primavera Planning
Quality Plan, Communication Plan, 3 Video : Closing Process 2
Implementation Plan, Change Plan, Risk
Plan Neanntiatina and Contractina
Case Study: Northern Container 2 Field Trips (Company Visiting) 2
Project Organization Finals
Project Management Structure, Leadershi 3 Total 31
Characteristics, Vision, Motivation , Team
Buildina. Conflict. Enaineerina Ethics
Case Study: Bits and Pieces International 2 Time Allocation
Corporation
Total 25 Hours Needed for Lecture and 56
Exams
Course Requirements Rating
Management Design Project 20%
Case Studies 10
Reports 10
Midterm Exam/Final Exam 7% Passing Grade: Between 59
Assessment of Professionalism by Instructor 5% and 60
Attendance 3%
Teamwork 1%
Seatwork/Recitation 1%

TOTAL 100%
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WHITE BOARD LEARNING SYSTEM (WLS)

In November 17, 2009, the authors subscribed to Whiteboard (Wawkikimard.com), a
Learning System used in over 2000 universities and institutions worldRfdekboard
provides a convenient platform where students and teachers can accesg aetobfis
tools, functions, and features for teaching and learning. Figure 1 shewdifferent
course features in the Course Menu. Among these features are:

+ Upload and download easily all Course Documents, Announcements, &alend
schedules, Links and Assignments

» Develop simple Assessment using a variety of examination typesatologing
from a pool of questions

 Timed Online examinations with options for single or multiple access and
automatically checked

* Improved grading and tracking of student quizzes where after takiag
examination the student is provided with an immediate feedback anelstiles
are automatically entered into a gradebook

* Submit take home examinations, assignments and projects via Aseignme
digital dropbox, or groups file exchange

» Facilitate communications through Discussion Boards, Email, Lightweight Chat
and Virtual Classroom

» Access to a Blackboard Manual (http:\\company.
blackboard.com!docs!cp!learning_system!release6! instructor!) forsweport

Managing a Project Management Course Using Whiteboard

The course on Project Management was one of 6 courses that test pilotedtém&vith
Learning System. One class of 36 graduating engineering students were aibividu
enrolled as whiteboard users in Project Management. All the students were réguired
attend all classes sincketcourse is a “web enhanced course” (WEC) and not a “fully
online course” (FOC). As in the previous years, Cooperative Learning was fostered by
dividing the students into groups of three. Twenty-one groups (temens)created and
group-enrolled in Whiteboard.

Using the Features of Whiteboard Learning System
Course Documents and Course Information:

The Course Information contains all necessary materials such as the course description
syllabus and course requirements. All the lecture notes were uploaded into tee Cour
Documents before the scheduled class day. Lecture notes were prepared using
PowerPoint or Word and converted to pdf format. Problem statemenéxaruises were
available for download minus the solution. The solution of problems wae ithoclass

using MathCAD or Microsoft Excel and the files were uploaded in mcd ofoxisat.

The easy access to all learning materials and class information provided a oreans f
students to be reminded at all times of the course policies and deadlines. They had a
complete set of lecture notes which they can study before the class and have available
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even if they fail to attend the class. Downloading solutions as mathematical files afforded
the students a means of going over the problem, solving similar probteloing “what-
if analysis” on a variety of problem cases that developed in them critical thinking.

3 | Pormtead by acrbenss ek riraee
£

Figure 1: The course opening screen of Whiteboard Learning System shtheicgurse
menu for Project Management

The down side of this teaching strategy is that students were absent or ratdhdio
classes more often. This problem was solved by giving 10-question PautedReen
objective quizzes at the beginning of the class period and giving demerit points in
Attendance to latecomers and absentees. Problem solving using mathematical software
instead of calculators (most students are using a Casio FX880P PersonateCovithla
Scientific Library) resulted in a noticeably slower problem-solving rate among ttuden
during classroom examinations. Students also complained that it took a while to
download files with a lot of graphics. This was solved by dividing the lectuoadgd

into BLS into smaller, more manageable files.

Assessment and Gradebook

One of the best features of the Whiteboard Learning system is the creatiolinef o
examinations using a variety of question type (fill in the blanks, multiple choiseptr

false, matching type, essay etc.) which the students can take anywhere. The exam is
automatically graded (except for Essay) and students receive an immediate femdback
their score; this grade is entered into a grading sheet called the gradebook.

Most of the online examinations given to the students were Fill in the Blanks, sho
objective questions (10 questions) and design problems where the studishtarite
only the answers. Team Examinations were also given to teams where the scthre was
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same for all team members. These gave the students bonus grade pointsdedb ad
their classroom quizzes and major examinations.

One of the accepted problems in giving online examinations is cheating taking place.
Among the methods used by students are: students sit in for othertstustadents
“getting help” from others (classmates, other teachers, parents), students use a variety of
materials to “aid” in the completion of a test or exam, students get around quiz time

limits: they log on to a quiz, download it, log off then log on again witlvarss students
download papers from the Internet 6.

A survey on classroom cheating vs. online cheating was conducted amongdihatigg
students to determine if online cheating was taking place. Figure 2 shows thaf 82%
students did not cheat during classroom exams whereas 55% cheated dwiee or
during the Online exams.

100
O Classroom
20 1+—
o g Online
E 801
& | _
5 40 1
(=
20 4+—
u] . T —
u] 1 =2
Pumbet of titnes cheating took place

Figure 2: A comparison of students who cheated in online exams and thasehwated
in classroom exams

To discourage cheating online, three approaches were employed: theFéngs, and
Threat Method6. A comparison of these methods and the strategies emplpyedetat
online cheating are shown in Table 2.

At the beginning of the course and before any examination, tderggiwere made to
understand and sign an Honor Pledge indicating that they didkeop#at in any form of
cheating and that any known violation of the honor code stateeinsfudent manual
will mean failure of the course.

Students were apt to abide by the Honor Pledge during classroom quizzehitime
online quizzes. The most popular cause of cheating mentioned was gsserrer
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Table 2: Strategies employed to prevent online cheating communications.

Trust Method Fence Method Threat Method
Trust students not to Provide means to prevent cheating  Threaten them with
cheat punishment

Make tests easier by Create different Make students sign
including lots of sets of tests an Honor Pledge
short self-study drills that give  Questions that indicates the

consequences of
students a chance to practice  Randomly select questions from a lis cheating

Reduce the Learners caught
cheating will fail

importance of grades Use tests Randomly order multiple choice the subject

for

only a small % of the final grade questions Those who help

or give online tests as bonus Give Essay questions another cheat are

points to be treated as cheaters
Those who fail to

added to the final Show questions report cheating are

grade one at a time/no backtracking cheaters themselves

Consider Group

Exams Time exams/ Accusations of

Allow “open-web” tests Control access time cheating are treated

Allow Multiple attempts. This Allow only single attempts as confidential

lets students go back and Proctored On-line exams/ Video on-

practice or review while at the  line exams
same time discouraging

cheating; it also removes some

of the pressure

Five ways of communicating with the students in Whiteboard Learnysge® are
through Discussion Board and Email, Messages, Lightweight Chat andalVir
Classroom. The Discussion Board is an asynchronous communicationnméat
posting and responding to messages. Conversations are groupeshds tthat contain a
main posting and all related replies. The Virtual Classroom allows ¢thstsuand
Students to participate in real time lessons and discussions and also viemsaoth
previous Collaboration sessions. The Lightweight Chat allowsestado interact with
each other and the Instructor via a text-based chat region. Email is asynchobat.

The following question was posted in the discussion board, “What is best type of
Management Strategies to put up in the constru@companies?”, and the students were
encouraged to participate in the discussion thread. There were 204 rmgssstgel but
unfortunately some of these messages did not answer the discussitbongaed instead
students used this medium to greet one another or ask questions notoetladecburse.
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Virtual Classroom was not used in the Project Management Course altttmigame
students participated in it in the course Construction Project Managemé&mndents
logged in at the same time from different parts of Buraidalortimately the system
became very slow as more participants were present.

Digital Drop box

The Digital Drop box is a tool that the Instructor and Students saricuexchange files.
Problem solving and writing assignments, plant design projects dake home exam
were submitted using the drop box. A variety of file types (doc, misdbmp, jpeg, etc)
were submitted by the students which filled up immediately my allottede®ize quota

of 5 megabytes. The files were difficult to manage because studéntiited filenames

that did not indicate what requirement was being passed and some studamts ev
submitted several versions of the exam solution.

STUDENT SURVEY ON THE USE OF WHITEBOARD LEARNING SYSTEM

The students were given a survey (Figure 3) that evaluated the Whitebasech 8nd

the Project Management Course. Students were able to access whitebdaydimea
campus as they were given free Internet accounts. However sonemtstliging in
dormitories said that unlike their other classmates who can access Whitebbardeat

and at Internet Cafes, they had curfews and could not access at nighfoiithe the
Whiteboard interface very user friendly and web support readily availebéestudents
were more attentive when the delivery of the course was combined with edidim
lectures, active learning through games?7 and web enhanced. Theyitfeanddifferent

from traditional teaching-learning and were satisfied with the way the classes were
conducted.

Overall they found the Whiteboard System, the course content, class integfatieb
materials and the Whiteboard delivery satisfactory. They said they were aldeciop
their learning skills from surfing the Internet and they had betiileg because they
were given more chances to increase their scores. The number of stwbengot 1.50
and 2.00 increased by 10% and student failure decreased by 20% comifibréae
previous semesters.

CONCLUSION AND RECOMMENDATIONS

A web enhanced course in the final semester of engineering tumican facilitate both

the teaching and learning process. Teachers faced with trying to aramspmuch of
lecture materials in a shortened semester can make use of the web to upload their
lectures, give reading assignments using subject links, provide discussots for
individuals or groups to develop critical thinking and give on linenéxations that are
automatically checked by Whiteboard. Students on the other hand are able todearn

than what is given as lecture materials in the classroom and get additbamtsl for

solving online examinations.
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Figure 3: A survey on the effectiveness of Learning System and Classroom
integration of a Web Enhanced Course

Some of the constraints of a web enhanced course are inequitable availathi@yafS
to students and preventing cheating online. Online accessibility probkmise solved
by proper WLS management such as providing free internet atcethe students.
Online cheating can be solved by techniques such as Trust, Fence aridvigtheals.
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ABSTRACT: The key to achieve sustainable development iath@reness of how important is the
way to provide, mobilize and optimize the necessasgources and imagine tools that enhance the
efficiency of the actions undertakenn pursuit of sustainable development, variousoast can be
taken, anda number of themis effectively underway worldwide. The role of eduoat among
others, has long been recognized as decisive ® khnd of particular battle. The concept of
Education for Sustainable Development (ESD) waslieiXly acknowledged in Chapter 36 of
Agenda 21 and four major actions were identifiedbegin the work of ESD: improve basic
education, reorient existing education to addresstasnable development, develop public
understanding, awareness, and traininghis paper aims to focus on the innovative use of
information and communications technologies - synobus as well as asynchronous activities - to
increase access to quality higher education anditiga opportunities through the various forms of
E-learning andDistance Learning Facilities.The aim is to demonstrate how E-learning in higher
education can be considered as one of the fundain@ninciples of Sustainable Development
Education as well as an efficient tool in meetihg heeds of the present and future.

KEYWORDS: E-learning; Information and Communications Teclogi¢s; Information Society;
Sustainable Development; Sustainable Higher Edonati

INTRODUCTION

At the beginning of this century (March 2001) Kéfinnan, former Secretary General
of the United Nations, announced th#t€ world biggest challenge is to take an idea
that seems abstract - sustainable development -tamdit into a reality for all the
world's people’ The idea goes back up to the 1970s when theomotf
"sustainability" was employed to describe an econdimyequilibrium with basic
ecological support systems". Ecologists have pdirttee economic system as the
main cause of the environmental imbalance and ptede therefore, the alternative
of a “steady state economy” in order to address and tackle the thorny environmental
issues. This approach was partially true but thisessary condition was insufficient
to surmount the obstacles that came over the yeHlms. limits of this purely
economic conception of the issue led to the efftrég have been made to widen the
concept of sustainable development to a comprehersgproach that break the field
into three interdependent paremvironmental sustainabilityeconomic sustainability
andsociopolitical sustainability,

The concept of *“ Sustainable Development ” raises several critiques at different levels but this is not the object of this paper
and will not be discussed.
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Even though we are supposed to deal with the diyersi meanings that many
people are using, the definition proposed by thg@71Brundtland Commission, which
is probably the most widely accepted, will guide itgh this papér The United
Nations 2005 World Summit Outcome Document empleaisian the "interdependent
and mutually reinforcing pillars" of sustainable vétopment as economic
development social developmentand environmental protectionwhile various
international forums such as the United Nationsnierent Forum on Indigenous
Issues, the Convention on Biological Diversity atrite Universal Declaration on
Cultural Diversity (UNESCO, 2001), had enriched ttencept by the fourth pillar
and policy area,Cultural diversity as a mean to achieve a more satisfactory
intellectual, emotional, moral and spiritual existe. Since then, the concept could
be considered as steady by regularly referring aod tying together, the four
aforementioned pillars.

Obviously, the key to achieve sustainable develagme the awareness of how
important is the way to provide and mobilize the essary optimized resources, in
addition to how we can imagine tools that enhartoe éfficiency of the actions
undertakenln pursuit of sustainable development, variousaargiare supposed to be
taken and number of them is effectively underway dwitie. The role of education,
among others, has long been recognized as decisivéhis kind of particular
struggle. The concept of Education for Sustainable Develapgm@SD) was
explicitly acknowledged in Chapter 36 of Agenda 2id dour major actions were
identified to begin the work of ESDimprove basic educatignreorient existing
education to address sustainable developmeddvelop public understanding
awarenessandtraining. Moreover, in the recent decades widespread incotipora
of Information and Communications Technologi@€Ts)’ into all life aspects has
deeply impacted our daily activities through stwrotg the global economy and
redefining the social and political processes. Byréasing the speed of international
communication, the international interconnectedress been increased as well and,
as a result, the process of globalization has sped up. From some point of view,
ICTs have positively impacted societies on manyelev They have extended the
reach of public administration, leading to a celigedion of regional management
into urban centres. In business world, many deafs ie made through emails and
video conferencing, and mobile phone technologyrhade it possible for people to
check and send messages on the go, allowing us ¢orreected24-7".

2 |t makes clear the link between the concepts of environment anddmesit and recognizes that development is essential to
satisfy human needs and improve the quality of human lifstaBhable development is a pattern of resource use that@aims
meet human needs while preserving the environment so that thefsecaeebe met not only in the present, but also for future
generations. The term was used by the Brundtland Conumiggiich coined what has become the most often-quoted definition
of sustainable development as development that "meets the oietfds present without compromising the ability of future
generations to meet their own needs

3 Also called information and communication technologies, or informatidrcammunications technology (ICT)
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Despite this international spread of ICTs and tbpehtowards a more well-balanced
distribution of the expected development and wealthrldwide, the economic and
social impacts have been, unfortunately, geograblyicuneven. They have
exacerbated pre-existing disparities, known as @tebal digital divide between
developed countries, which can afford to produced atbnsume the latest
technologies, and developing countries, which canNetvertheless, ICTs have been
identified by many international development ingiibns as a crucial element in
developing countries, by integrating them into tiebal economy while making
trades and exchanges in the global markets moresaitie. The World Bank has
collaborated with the International Finance Corpioratand lunched an initiative
intended to promote access to ICTs and recently2006, the United Nations
launched a program called tl@&obal Alliance for Information and Communication
Technologies and DevelopmenGreater collaboration between key entities, at the
global as well as the local levels, is necessarymake a difference: by the
commitment of the international commuritythe assistance of the national
governments and the active participation of the-gomernmental organizations and
the private sector, every effort has to be madesthuce thedigital povertyand the
gap between developed and developing countries. gghamd success cannot be
accomplished by any single organization, regardbdéshe resources available.

If we link the concept of Education for Sustainablevelopment to the ICTs we can
probably explore one of the most interesting ways aohieve sustainable
development using the wide range of potentialibéered by ICTs. The successful
approach should involve education as a key elemmapte people at all levels must
be empowered to develop the values, attitudes arilds skecessary to change
behavior in regard to environment managemefihe innovative use of information
and communications technologies - synchronous akasehsynchronous activities -
to increase access to quality higher educationteaiding opportunities through the
various forms ofE-learning and Distance Learning Facilitiesis widely believed to
be a smart and successful way to implement the garafeEducation for Sustainable
Development.

SCOPE, DEFINITIONS AND FORMS OF E-LEARNING

E-learning is defined as a computer-mediated iw$ivn delivered via internet or
CD-ROM (Clark & Mayer, 2007) and can be self cadenoednstructor led. Both
forms are intended to build the user knowledge byadety of means including
media in the form of text, streaming video, andiaud

4 Through the specialized United Nations’ organizations.
5 Virtual Learning Environment (Virtual Universities), Open Distaand E-Learning Institutions, etc.
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Historically speaking, three generations of E-léagnhave to be considered: E-
learning 1.0, E-Learning 1.3, and E-learning®2®hich represent an evolution of
approaches that use the web to support learningnambve human performance.

E-learning 1.0

“Conventional E-learning systems were based on instructional packets and
commonly refer to training delivered electronicaily an organizational settifg
These early E-Learning systems (Computer-BasednlimegfTraining) was assumed
to be for transferring knowledge, as opposed toesystdeveloped later based on
Computer Supported Collaborative Learnif@SCL). E-Learning 1.0s the first
generation of learning (really training) deliverékdrough the web: synchronous
courses delivered using virtual classroom softwasynchronous courses built using
an authoring tool, and course content design folbwetraditional training model
developed by an instructional designer [IThe sector has quickly benefited from
the potentialities offered by the technological elepment to start a new era.

E-learning 1.3

E-Learning 1.3 is the generation of e-learning inick learning is developed more
quickly and delivered in smaller pieces. Learnirsg made available within the
context of work and, thus, needs to be in a fornt thaeasily retrieved. For that
reason, learning is not always accessed via the ,LB8 pushed to the learner
through email or accessed via links on an orgamnat intranet. E-Learning 1.3
content is created typically by subject matter eipeasing templates developed with
rapid e-learning tools or learning content managamsgstems (LCMSs). In addition,
virtual meetings might be dispersed occasionallypag of the over all learning
experience.

E-Learning 2.0

The termE-Learning 2.0[1] is a neologism for CSCL (cf. supra) systemattbame
about during the emergence of Web #2[@]. While in the early conventional E-
learning systems the instructional packets werevdsdid using Internet technologies
and the student used to learn from the readingspagplare assignments evaluated by
the teacher, in contrast, the new E-learning systErogses on social learning and
use of social software and networks such as blogsjsWilpodcasts etc. The
difference is about the philosophy of each systdm contrast to E-learning systems
not based on CSCL, E-Learning 2.0 assumes that ladgel (as meaning and

5 E-Learning 2.0 refers to a second phase of e-learning based oR.0\Vafd emerging trends in e-learning technologies.

" While Online Learning is used to differentiate courses deliverethgiinternet in educational settings.

8 Web 2.0 refers to a second-generation of Internet-basedesernseich as social networking sites, wikis, communication tools,
- that let people collaborate and share information online in prelyiomavailable ways.

° Wiki is a type of website that allows the visitors themselvesagilyeadd, remove and otherwise edit and change some
available content.
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understanding) is socially constructed. Learninketaplace through conversations
about content and interaction about problems ariras: Other example of online

learning platforms and classrooms is live onlineg@ntations in addition to social
networks which are also part of E-learning 2.0

Meanwhile, changes in society, economy and culleck to a transition from an
economy based on material goods to one based owl&dge. Knowledge has
become the principle force of production over thetlfew decades and society has
been transformed into a scientific civilization bdson services, education, and
creative activities as a result of a scientifickeclogical transformation based on
technological progress and the increasing impodamfccomputer technology. The
development of thénformation Societynodel has been identified as the marker of a
new era in which E-learning gains new forms.

Information Society, Contemporary Mobilities and NewForms of E-learning
Indeed, the last decades of the twentieth centumnye haitnessed a fundamental
evolution which transformed the industrial society the information/knowledge-
based society of the twenty-first century. This dyi@aprocess brought deep changes
in all economic and social aspects, including knalgke dissemination, social
interaction, new business practices, more politieaagement, increased media
involvement in all fields of everyday life, eduaati health, leisure and
entertainment aspects, etc. In the recent yearsdheept of theNetworked society
has also gained importance in the information sgdieeory.

In the information society, more opportunities ameeded: unlimited and not
censored access to information and expertise, direellation of ideas and opinions
increasing correspondence with other learners aadhters. This need would be
available through the wide use of internet-basedst@much asVirtual Learning
Environmentg(VLES) or Learning Management SysterflaMSs), discussion boards
or chat rooms; and may be designed as a "blendpgdfoach: content available
electronically and remotely, as well as the clastceto-face" classroom tutorials
and lectures.

The information society is also characterized byager mobilities and the increase in
the processing power and attractiveness of mobdéalidevices with, as a result, a
considerable interest iM-Learning or mobile learning, related to E-learning and
Distance education but distinct in its focus orrtéag across contexts, learning with
mobile devices and the use of mobile devices sueimabile phones, iPods, and

10 gocial networks have been used to foster online learning communities aroaridty of subjects such as test preparation
and language education [3].
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Personal Digital Assistants (PDAS) to increase rtiability of learners and enhance
their learning flexibility.

In the context of the information society, alongwithe termslearning technology
Instructional technologyand Educational technologythe term E-learning came to
refer to the use of technology in learning in a mbcoader sense than the Computer-
based Training or Computer Aided Instruction of #880s. It is also broader than
the termsOnline Learningor Online Educatiorwhich generally refer to purely web-
based learning. Where mobile technologies are ubederm M-learning has become
more common (cf. supra). M-Learning, like other nmigr of E-learning, is
collaborative. Sharing is almost instantaneous amemeryone using the same
content, which leads to the reception of instantieek.

The implications of E-learning are also beyond juns technology and refer to the
real learning that takes place using these syst&ntisarning is naturally appropriate
to Distance learningandFlexible learning but can also be used in conjunction with
faceto-face teaching, in which case the teBtended learnings commonly used cf.
supra). E-learning is, and should be,Fdexible Learnind' as modern learners need
more choice, convenience, and personalization itotlseir new lifestyle. The choice
include where, when, and how learning occurs and #etiy about personalized
learning with new approaches, teaching and learnhpries, philosophies and
methods.

With the development of the Internet as a major msefor communication and
information, the context of the networked societys hwidened the concept of E-
learning beyond its early limits and the above riwered forms. The practice of
Networked learninghas tended to focus on the use of Web 2.0 sigcentergence
The term is exparatl to the termof digitally networked learningvhen referring to
the use of this medium in networked learningThe definition of Networked
Learning? can be found referenced in literature as: “Learning in which Information
and Communication Technology is used to promotenections: between one
learner and other learners, between learners andors between a learning
community and its learning resour€esTheoretical association of the term
Networked Learning in an educational context hasibeade with Connectivism.

1 As a component of Flexible learning, E-learning involves the eqiibn of electronic media in the delivery of flexible
vocational education and training (VET) programs. It can includeusiee of web, CD-ROM or computer-based learning
resources in the classroom, workplace or home, as well aseadcess to course activities such as group discussions and
online assessment activities.

2 This definition is used by Steeples and Jones (2002), Goodyear, Biotgson and McConnell (2004) and Dirckinck-
Homfeld, Jones and Lindstrom (2009). The definition arose owtosk at Lancaster University and it was used by the
Networked Learning in Higher Education project and it is the definitiod bhgehe Networked Learning Conference Series that
has run since 1998
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Virtual education is another form of E-learning which refers to timstion in a
learning environment where teacher and studenseparated by time and/or space,
and the teacher provides course content throughliseomanagement applications,
multimedia resources, the Internet, videoconfemeggcietc. Students receive the
content and communicate with the teacher via thess@ohnologies.

The termVirtual Universityis used to describe any organization that proviugher
education programs through electronic devices. Some of the universities are “real
institutes” offering Campus based teachingvhile others provide online courses
only. Program delivery in a virtual university idrainistered through web pages, e-
mails and other networked sources. Virtual univegsitaim to provide access to a
part of the population who would not be able to radta physical campus, for man
reasons such as distafitand need for flexibility.

In higher education especially, the tendency is cteate a Virtual Learning
Environment(VLE)™ in which all aspects of a course are handled tiinoa reliable
user interface standard throughout the institifioAt a wide range of levels and
disciplines, several physical universities and wedonly colleges offer a selextset
of academic degree and certificate programs deadivercompletely online.
Nevertheless, especially in laboratory activitiels emgineering disciplines, some
programs still require students to attend campassds or orientations. In addition,
the recent trend is to offer online student suppemnvices, such as online advising
and registration, e-counseling, online textbookghase, etc.

Communication Technologies used in E-learning
E-learning sector is particularly linked to commeation technologies which are
generally categorized asynchronousr synchronou$4].

Asynchronousctivities use technologies such as blogs, wikigl discussion boards.
Participants may engage in the exchange of ideasfomrmation without the need of
other participants’ involvement at the same time. Electronic mail which can be sent

or received without having both the participants’ involvement at the same time is an
example of asynchronous communication.

3 \where students live too far from a physical campus to attencaregasses.

4 some students need the flexibility to study at home whetiieigaronvenient for them to do so.

5 Which is sometimes combined withManagement Information Syste(MIS) to create aManaged Learning Environment
(MLE).

'® The last technology used by e-Learning sector is screencastingnaiiti tools which allow the users to create screencasts
directly from their browser and make the video available online sathbatiewers can stream the video directly. With the
combination of video and audio, the expert can mimic the orenerexperience of the classroom and deliver clear, eienpl
instructions. From the learners point of view this provides théyatnlpause and rewind and gives the learner the advantage to
move at their own pace, something a classroom cannot always offer.
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On the contrary, Synchronousactivities involve the exchange of ideas and
information with one or more participants during geme period of time. A face to
face discussion is an example of synchronous corgations. Synchronous
activities occur with all participants joining in ahce, as with an online chat session
or a virtual classroom or meeting.

Different forms of E-learning systems have beemidied and are being widely used
in the particular context of th&information/knowledge-based/networked sociétylt
seems interesting to understand how E-learning ighdri education can be
considered as one of the fundamental principles Softainable Development
Education as well as an efficient tool in meeting tleeds of the present and future ?

E-LEARNING AS SUPPORT FOR SUSTAINABLE DEVELOPMENT

In the Millennium Declaration of the "8plenary meeting of the UN General
Assembly (8 September 2000), UN Member States dgtgmn a number of key
development goals. In addition to a commitment tade&ate poverty, improve
health, ensure environmental sustainability andmie education, one Millennium
Development Goal (MDG)is “To ensure that the benefits of new technologies,
especiallyinformation and communication technologies, (...), are available to all.”

ICTs have been therefore identified as a cruciament in support for the MDGs in
developing countries, to achieve their integratinto the global economy and to
make global markets more accessible.

“How to proceed to introduce E-learning in the developing courdrigias the
crucial question that had faced UN agencies: Stgrivith information technology
(including E-learning) or addressing basic neefdstzens ?

E-learning to Address Poverty issues and Digital gbal divide

The answer was to proceed by a global approach andider the problem as a
system. Ensure the implementation of key progrants@ojects intended to address
the most basic needs, such as building more classgand providing clean water,
and, at the same time, consider ICTs as a parhefsblution [5]. If education and
capacity-building are critical steps for enteringoi the new global economy, E-
learning should be considered as a critical fadeiasic development, an efficient
alternative medium of capacity-building and a metangopulation's empowerment.

17 We should consider that Computer-literacy is a pre-requisitéeéoners to benefit from technology-based learning. E-
learning requires a set of basic computer literacy skills. Generdide fundamentals of E-learning which can then motivate
individuals to pursue computer education, while serving as a vehiadedpening literacy skills.
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E-learning systems ignore distances, especially whiEmded systems are not
necessary, and facilitate access to education whenatck of infrastructure is the
main obstacle. As education on sustainable devedmyp is a major stake for the
future of the planet, the increased access offere-learning facilities is likely to
lead to better results. Instructors can share tkedwledge across borders, allowing
students to attend courses across physical, palittsad economic barriers. As basic
internet access, audio, and video capabilitiescaremon infrastructure requirements
for online courses, in addition to the fact thasttyp technology is not necessary, we
have the opportunity to make information availabtEldwide at minimum costs

Flexibility is another facet of these opportunitiesany E-Learning systems are self-
paced (cf. supra) and availabbi24-7”. Therefore, learners are not bound to a specific
day/time to physically attend classes. Specifihib@dogy allow them to begin their
courses while at work and finish them at home omgt@ther location.On the other
hand, no doubt that poverty is the most common ftaimd encountered by
developing countries preventing people from thigkaf the environmental problems
at stake, usually considered as an intellectualifyxE-learning systems are able to
overcome some of the issues related to the governments’ incapacity to build physical
educational infrastructures and raise awareness neiranmental issues. Large
groups, initially unable to learn, can access etlonaand develop the awareness of
preserving their environment.

From a social point of view, how many handicappedviiddials can we educate by
offering them the opportunity to overcome their gical disability when they pursue
distance coursedhis will facilitate their access to education, th&bcial integration,

and their ability to communicate with others andticgyate in developing their
communities. The social benefits in this case aedly precious.

From an economic point of view, E-learning seemsb& a promising industry
Developments in the basic enabler of E-learningterimet and multimedia
technologies, with the wide range of related acw@ti (consulting, content,
technologies, services, logistic, support, etc.p aource of employment and
economic development. Investments in ICTs projecesless expensive, in terms of
infrastructure, and of a high added value.

E-learning and Environmental Benefits

E-learning solutions are well-suited to high voluingining needs across large and
geographically dispersed organizations and indiaidu E-learning benefits, over
traditional on-campus learning systems, can bendefy analyzed and weighted
from several points of view : the organization dtelgoals, the learner satisfaction
and development needs and the community returnngasiment beyond the pure
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economic interests. Some economic indicators, éalhethose related to time and
energy saving, can be used as environmental argismen

A practical example can explain this main idea. ifrstudents on how to arrange
equipment in a sterile environment like an opematimmom, using the real

environment, would be expensive due to material labdr costs. By creating the
environment online and giving the learner the opyaity to practice, the community

avoid the costs associated with set up, use, mants clean up, etc. This
decreased material and labor costs can be quahafie counted on the scale of the
community and on the long term.

But generally speaking, we have to keep in mindt,theeyond this particular
example, an accumulation of consumption of natueslources using any kind of
material, say wood for furnishing your classrooms laboratories, is a real
environmental issue when considered at the globaks&-learning systems simply
give us the opportunity to avoid this environmental foatpr These considerations
are obviously valid for all activities that operat@ressure on natural resources.

Also, producing learning content is time consuming whether it’s online or not. But
with E-learning, each time the course is accesbedréturn on investment improves
as the fixed production costs are died by the number of uses. Savings are also
identified through decreased travel, reduced maltarse, and improved and more
efficient performance. These improved training sasin also be quantified as well.
On a more specific environmental point of view, Brl@ng reduces the cost of
transportation to physical classrooms: learnersidbneed to travel and remain in
one location (home, office, airport, coffee shofx,.)e This should be understood as
time and energy saving which reduces considerdidyenvironmental footprint when
considered, once again, at the global scale.

If we consider the direct environmental benefits part of the sustainable
development pillars, it’s interesting to refer to the Britain’s Open University’s study
which found that “producing and providing distance learning coursemsumes an
average of 90% less energy and produces 85% fev@grednissions per student than
conventional facee-face courses$.[6].

In some countries, like Saudi Arabia, with no pubfiansportation system and
almost one car per student attending on-campussesuithousands of daily round-
trip travels can be avoided with the consequentntityaof fuel consumption, the
amount of CQ emission and the number of lives saved. Over 4iliom U.S.
students were taking at least one online coursenduthe fall 2008 term at
institutions of higher education [1§ about 4.6 million car movements avoided.
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In the gulf region, where the air conditioning g work a minimum of 12 hours a
day and 10 months a year, we can simply imagine atmunt of energy the

community can save and the major implications om latural environment, when
only 20% of the educational system switches to E-learning

SUMMARY AND CONCLUSIONS

This paper reviewed the history of the concept oftaimable development and
emphasized on its implications when analyzed withim ¢ontext of higher education
leading to the concept of Sustainable Higher Edanat

The use of information and communications techn@®gto increase access to
quality higher education through the various forwfs E-learning and Distance
Learning Facilities, was particularly interpretedaasuccessful way to implement the
concept of Education for Sustainable Developme8QE

Different forms of E-learning systems were analyzgthin the framework of the

information society with special interest to revé&alearning as a tool to address
poverty and global digital divide in addition ofsitenvironmerdl benefits. The

changes and new trends in lifestyle, economy anduml have led to the

transformation of the society into a scientific iization based on services,
education, and creative activities. Therefore #&mse that the use of E-learning is in
adequacy with the scientific/technological transfatibn based on ICTs and the
increasing importance of Internet and computer tdasehnology.

The contemporary society is henceforth definitelprderless thanks to the
opportunities offered by ICTs. E-learning should llee “weapon of mass
development in the world battle to realize the Millennium Development Goals
especially in the sphere of sustainable developmésta real heavy trend/tendency,
the universities of the future seem no more faméace institution. Saving the
globe will depend, also, on our capacity to beligyeand achieve this objective.

18 In the United states the 17 percent growth rate for online enrollnme@809 far exceeds the 1.2 percent growth of the
overall higher education student population and more than one irifsher education students now take at least one course
online [8].
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USE OF LEARNING DESIGN METHODOLOGY AND
KNOWLEDGE MANAGEMENT IN ONLINE GRADUATE
COURSES

Muhammad Sohail Ahmed and Bob Lahidji
School of Technology, Eastern Michigan University, United States of America

ABSTRACT: Performance results of managers with an engingdxatkground indicate higher failure
rates in management than individuals from any oflectional area. Previous studies suggest that
educational programs do not promote social learrimgead focusing on a limited scope of knowledge
transfer. Drawing upon education and training gratmotes individual problem solving, engineersIsare
performed well in management roles, where groufisskuch as teamwork, facilitation, supervising,
organizing, and resolving conflict are criticaldeerall success. Additional challenges for edusatan
occur with online students. Feelings of isolatime an important stress factor, and students report
confusion, anxiety, and frustration due to diffige in communication with the instructor.

To address this issue, engineering managementelum and courses should be adapted to improve
skills that promote contextual learning and knowkedonstruction. This modification in engineering
management courses should incorporate case styigect based learning, and discovery learning.
Using these tools, students investigate multipteiés and identify various solutions, rather thad &
single, optimal solution. Research in the areabofa constructivism, or learning within a sociahtext,
suggests that group knowledge construction, rati@n knowledge transfer, provides ideal learning.
These approaches to education create the new gardbat teaches students to discover and construct
knowledge for themselves.

At Eastern Michigan University (EMU), the Graduategbeering Management online program has
evolved from “content” to “context” based, using Learning Design methodology and Knowledge
Management/ Utilization. Students learn best whegirtburrent view of knowledge is challenged,
reformed, and synthesized through interaction witters. By applying the Classroom Community Scale
results from studies on the effect of students’ learning style, gender, and acquaintance level, the EMU
team created a methodology to develop effectivinerdase studies.

KEYWORDS: Engineering Management; Contextual Learning; Kndgée ManagementLearning
Design Online Teaching.

INTRODUCTION

With the current economic meltdown in USA with the highest unemploymatatin
decades, a large portion of the population is looking for ways to irapteir skill set

and learn new ones. At Eastern Michigan University (EMU), USA, thed@te
Engineering Management online program is the fastest growing gmlowram with
student’s population coming from various parts of the world and from different
engineering background. The program has gradually evolvedaistmtextual learning
philosophy. In this paper we will describe a new methodology fodévelopment and
re-development of online courses. Concepts like Learning Design, Knowledge
Management and Contextual learning are used to develop a framewworgudch
methodology. It is our goal to use this methodology to develop ootineses that will
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reduce, if not eliminate, the social isolation and boredom in studgntsliring social
network groups for cooperation/collaboration and by using projects related with students’
personal experiences. This paper also studies the implementation of cgnuseshiweb
based and mobile applications as learning tools. New teaching strategies including
knowledge generation and utilization, experience sharing, and onlinesslmtu are
presented and a comparison is made to evaluate student progress.

ENGINEERS AS MANAGERS

The importance of decision making in a globalized business worldutasqre emphasis
on engineers’ understanding of the business side of management. Since the last decade,
universities, professional bodies and employers have been acknowledgihg
recognizing this importance to Engineering Education and Eagimg Management. [1]

Engineering Management is a discipline that acts as a bridge between traditional
engineers and business managers. Most importantly, howevereemgg managers lead
people. Thus we can say that engineering management uses assgsigmeering
approach to oversee the team developing products and services. Asheitldisciplines,
Engineering Management is evolving. Advances in materials, namnoledly,
computing, bioengineering, and energy systems will affect the praftcgmeering, by
developing complex products, thus increasing the need of Engineeringg&taant.
Future engineering managers will not only play the role of systesgrator, but will also

need to be aware of changes in technologies that can be used as toolsldp ded
design new products and services. [2]

Performance results of managers with an engineering backgiudiodte higher failure
rates in management than individuals from any other functional aréa.ntit at all
surprising when we find engineers rarely performed well imagament roles. Poor
performance can be directly related to the engineering education and treiaing
promotes individual problem solving and searching for optimaltisols, rather than
management education where group skills such as teamwork, facilitstipervising,
organizing, and resolving conflict are critical to overall success. Robialfh identifies
teaching of management courses by non-engineers as one of theremaops for
engineers failing in management positions. These management cangskeply rooted
in already established management programs meant for business sstuathvar
engineering students.

EASTERN MICHIGAN UNIVERSITY’S ENGINEERING MANAGEMENT
PROGRAM

Eastern Michigan University was founded in 1849 by an act of thei§dicHegislature.
Ypsilanti was selected from among five cities as the location of the first selestlof
the Allegheny Mountains. Since then, the University has grown, a?@d0ié there were a
total 22,974 students enrolled, with 18,245 at the undergraduate leve|72%a4 the
graduate level. Eastern Michigan University is committed to excellence in rigachi
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through traditional and innovative approaches, the extension of knoviledggh basic

and applied research, and creative and artistic expression. Eastern Michigan University
strives to be a national model of best practice in student access, comemgatement,

and learning across all dimensions of the institution.

The College of Technology at Eastern Michigan University was establisHé&8@hand
consists of two schools, the School of Technology and Sclid@ahnology Studies &
Military Science. The College has 1,525 undergraduate and 452 graduate stadghts
by over 50 tenure track faculty. In 2000, the School of Teclgyostarted the Master of
Science in Engineering Management (EM) program. Since then itemms dne of the
fastest and most consistently growing programs at EMU. Theagrogopularity can be
linked to its value and effectiveness for students, and because oénbétd that its
graduates provide for the companies they work for. The EM protplonvs a simple
principle, “practice what we preach”. It is the approach we used when we initially
designed the engineering management program and it is the apfiratale continue to
use for continuous improvement in our program and coursesthEopast two years,
Eastern Michigan University’s Engineering Management distance learning Master of
Engineering Management program has been rated and ranked a “Best Buy” by the
editorial review team of the Web site GetEducated.com [3].

The EMU EM Program has five major tracks (Figure 1). Each isadkveloped through
research defining that specialization of engineering management and its related
disciplines. This research is also used to identify key professional certification
examinations related to engineering management. As a requiremeradaatjon, EMU
students gain extra value from the program by preparingrieror more professional
certification exams that are offered by engineering-related professional societiegsin ar
such as engineering management, project management, lean systemanafatturing
engineering. Providing this curriculum online brings new sttedenthe university from
major corporations, businesses, and government agencies when pyebiosiness
schedule and travel conflicts prevented most of these engineers freuingugraduate
studies.

CHANGING ENVIRONMENT

The Global Leadership Forecast showed that confidence in leadershipli@ gtar low,
and has declined steadily over the past 8 years [4]. Many people believesthatrdnt
economic crisis will produce great leaders and managers. They argualltitae
economic misery, financial disasters, and millions of lost jobs wildgce a new
generation of leaders who are battle-tested in crisis and ready to mowgolbia
economy in a healthier, long-term direction. With the lessons learnedgthrurrent
challenges, new management will employ fresh strategies, ideas antbtbalkl better
organizations [2]. Along with these fresh ideas, importance will aksgplaced on
implementing new technologies and tools needed to run, manage and retdaino
businesses.
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Engineering Management Program

RE RSE
EM 505 Managing Engineering and Technology
EM 509 Engineering Project Management
EM 520 Engineering Value and Economic Analysis
EM 540 Engineering Resource Management
EM 570 Patents and Engineering Law
EM 580 Engineering and Enterprise Integration
EM 695 Seminar in Ethics & Leadership (capstone)

TRACK COURSES
Project/ Design and Lean R&D Quality
Program Manufacturing Enterprise Development Certificate
Management System Project

EM 519 EM 511 EM 547 Through special
Applied Manufacturing EM 556 Management of Quality
Engineering Project | Engineering Lean Systems Tech and R&D certificates
Management Fundamentals Team Management | EM 620 offered through
EM 547 EM 558 EM 558 Integrated Product EMU
Management of Lean Production Lean Production and Process Desigh
Technology and EM 620 EM 620 QUAL 647
R&D Integrated Product Integrated Product| | Research Methods
EM 556 and Process Design | | and Process Desigh | EM 691

Lean Systems EM 636 EM 649 Development
Team Management | Analysis of Manufacturing Project Research
EM 609 Manufacturing Process Planning Proposal
Professional Processes EM 659 EM 690
Engineering Project | EM 649 Advanced Lean Development
Management Manufacturing Systems Project Research
EM 620 Process Planning EM 669 Report
Integrated Product| | EM 670 Professional Lean QUALS551
and Process Desigh | Design for Certification Design of
EM 649 Manufacturing Experiments
Manufacturing QUAL557
Process Planning Customer
Satisfaction
QUAL651

Advanced Design
of Experiments

Figurel: Various Tracks at EMU MS (EM).

With the current economic crises in the world, the need for higher edudadi®n
increased. Several countries have made education their number one priorityets dloelr
challenges of the global economic crisis. The current financial difficutépg] increase
in unemployment and impending social crisis demands immediate attention.
Employment, particularly traditional employment, is diminishing and thentcg must
put itself in a position to respond to changing needs of employéesms of availability
of skills. This demands re-skilling and up-skilling of woslkeaind concerted action must
be taken to expand education and training opportunities, particulatlyerfuradult
education and third level education and training opportunities [3JSA, the State of
Michigan was the first one to be hard hit by this crisis. Michigan rekewily on the
automotive industry, with the headquarters of General Motors, Ford /@otopany and
Chrysler, Rtroit was known to be the “Motor City”. With diminishing automotive sales
along with the off-shoring of manufacturing jobs, the unemplent rate in Michigan is
highest in the USA. Michigan has no option but to diversify itsneoy. In 2007,
Michigan gowrnor, Jennifer Granholm started the “The No Worker Left Behind”
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initiative. No Worker Left Behind (NWLB) is Michigan Governor Granholnison for
accelerating the transition of thousands of workers into good-géoflis by providing up
to two-year worth of free tuition at any community college, ursitgror other approved
training provider to gain the skills and credentials for new careersigh-demand
occupations, emerging industries, or to start a business. The pragtaxrpand on the
job training and education services currently available to job seekersrdikardhe
governor, "As we work to diversify Michigan's economy, we also striveetp Michigan
workers diversify their skills" Governor Jennifer Granholm [6].

EMU, viewed this as an opportunity to re-skill these displaced workers our
Engineering Management program seemed well-suited for suefityadti order to meet
the demand and challenges of the future engineers, it is impdh@nstudents can
become good decision makers and effective leaders. Engineering efaragprogram
faculty at EMU decided to modify few courses so as to address thakmnges. We will
now define the teaching methodology that utilize learning design and ldchgev
management concepts to develop these courses. These modifications are. drgsing
paper will describe some of these activities and their outcomes.

LEARNING DESIGN

How can we teach effectively, efficiently, attractively and accessibliy@duestion has a
long history and has no simple answer. A solution, under giteumstances might
work well on a particular person but will not on any other perstowever, it is

generally acknowledged that we can improve learning considerably bingnéie

condition for optimal learning explicit and then using that knowledgeegigd new
learning events [7].

While definitions of Learning Design vary, the main elements tend to incluaegr
focus on “context” dimensions of e-learning (rather than simply “content”), a more
“activity” based view of e-learning (rather than “absorption”), and greater recognition of
the role of “multi-learner” (rather than just single learner) environments [8].

Thus, the knowledge of Learning Design helps us to:
e Find out what people need to learn
o Determine methods for assessing and communicating learning procdss resu
[students learn in a class and that knowledge is passed to the new class as
Problem Solving knowledge].
Simply stating a learning design rule is as follows:

If learning situation (S) then use learning design method (M)

Finding such rules are not always easy. According to Koper, learniagiaitS), can be
divided into learning outcomes and learning conditions. Learning outcomeslaed to:
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o effectiveness, that describe how well the learning objectives are met by the

learning design method (M),
o efficiency; describing the effort and cost of the learning design method,

e attractiveness; that describes the learning activities appeal to learner and the

instructor

e accessibility; that describes the easy by which staff and learner access the

learning facility.

Learning conditions are divided as the characteristics of the learning objecties, th

setting and media. Finally, the learning design method (M), is describetkashing-
learning process that a learner will follow by interacting with the learsingtion.
Applying learning design concepts to online education requires someicatidif in the
definition of the terms learning situation and learning condition in leadesgn rules.

ONLINE LEARNING

What is ELearning? At the start of the internet boom, it was defined as “Internet-enabled
learning” and is the ascendant form of electronic learning [9]. More than a decade later
this definition does not do justice to the term and the concepts. Scheldralways
known that the potential of this type of learning. Even as early as i, 2D&vid
Brightman in his editorial commented, [10], this simple description doeadequately
address the tremendous potential of e-learning to transform trainingdandtion as we
know them.

Going beyond the definition, the decade also saw debate on the type ofgdahedry
that online learning follow. Some authors contend that design for compaged lor
online learning is rooted in behaviorist theories of knowledge acquigitiblp while

others argue that the needs of different learning styles are better Bgrv@dnstructivist
approach [12], most particularly in "multimedia based lessons” [13]. The range of

approaches based on behaviorist and/or cognitive theories is usefuligaszed by
Meyer [14]. Doolittle [15], graded the ability of online education to megittgdrimary

requirements of constructivist pedagogy and concluded that, "Overall, edlirgation
provides the resources necessary for students to engage in rich atideetfatstruction
of knowledge. The key to online education and constructivism isvhether or not the
potential exists, but rather, whether or not the potential will be actualized.”

Along with the various issues and challenges related to online learningdébhgs of
isolation are an important stress factor. Students report confusidetyamand frustration
due to difficulties in communication with the instructor and classmate anafaakive
participation. Mclnnerney and Roberts [17] describe the sense of isolatioantive
study may engender among learners, a factor often ignoresahy educators, but one
that may make the difference between a successful and an unsucoebsé learning
environment for many students.
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One way to address this issue is to have active communication by cresng
communities. Rovai [18] suggested that online learners who have getreense of
community and perceive greater cognitive learning should feel less isalatethave

greater satisfaction with their academic programs. Rovai and Jordelatdr9$uggested
that the sense of community can be enhanced and the sense of isalatimnreduced by
offering “Blended learning environments”, which is difficult to achieve when students are
geographically distributed in a completely online environment.

Mclnnerney and Tim S. Roberts [17] describe the importance of @mpappreciation of
the learners’ social context, as is the concept of the ‘virtual self’ that individual learners
may choose to portray during online communication. They suglgesst protocols that
can be built into the fabric of online courses in order that a sErEmMmMunity may be
enabled to exist, and productive social interaction can occur. These are (Eetiee gse
of synchronous communication facilities (in addition to, rather thastead of,
asynchronous ones), (2) the deliberate design and inclusion of a ‘forming’ stage, or
‘warm-up’ period, incorporated as an essential component into the course structure, and
(3) a much greater emphasis on the provision of (and adherenapiiti®lines for
successful online communication.

Finally for evaluating online education, Bourne et.al. [20] outline a thagescale that
will help in the widespread of online education in all fields of engineesthgcation.
Bourne argues that for online engineering education to be broadlytedeam utilized,
(1) the quality of online courses must be comparable to or better than thmertedd
classroom, (2) courses should be available when needed and accessitd@yvamere
by any number of learners, and (3) topics across the broad speztrangineering
disciplines should be available. The five pillars of quality online learning Heaen
adopted by the Sloan Consortium [21] as a means for creating explicitavietrimnline
education and gauging progress in the field. Learning effectiveriedsns satisfaction,
faculty satisfaction, access, and cost effectiveness are the five metricslritbeat
investigations into online education.

CONTEXTUAL LEARNING

According to contextual learning theory, learning occurs only whetests (learners)
process new information or knowledge in such a way that iema&nse to them in their
own frames of reference (their own inner worlds of memorgeggnce, and response).
This approach to learning and teaching assumes that the mind nataedymeaning in
context, that is, in relation to the person's current environment, and thasitsd by
searching for relationships that make sense and appear useful. @uilpamn this
understanding, contextual learning theory focuses on the multiple aspenislearning
environment, whether a classroom, a laboratory, a computer lab kaitepor a wheat
field. It encourages educators to choose and/or design learning ersmisnitnat
incorporate as many different forms of experience as possible (socialakutwysical,
and psychological) in working toward the desired learning outcomes.
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Hulls [22] states learning occurs only when learners connect informiatitimeir own
frame of reference:

"According to contextual learning theory, learning occurs only when
students (learners) process new information or knowledge in such a
way that it makes sense to them in their frame of reference (their own
inner world of memory, experience, and response). This approach to
learning and teaching assumes that the mind naturally seeks meaning
in context-that is, in the environment where the person is locaded

that it does so through searching for relationships that make sense and
appear useful."

Karweit [23] defines contextual learning as learning that is designed sstuldants can
carry out activities and solve problems in a way that reflects the raftgreh tasks in
the real world. Research supports the effectiveness of learning in nfeamciogtexts.
Resnick [24] points out that schools emphasize symbol manipulatidralastraction
instead of the contextualized learning that is used in the world euwbithool. She said
the problem is that the symbols are detached from their real-world rsfensth because
they are decontextualized, and thus have no meaning for students.

METHODOLOGY

Using Learning Design as a guide and utilizing Gagne’s Nine External Events of
Instruction, concept of contextual learning and Greenfield Methodologygagle [25], a
framework for EMU Engineering Management Program “Online Learning Methodology”
was created, as shown in Figure 2. The framework emphasizaspbeance of Social
Learning as per Bandura [26] and Vygotsky [27], Cognitive Exukriential Learning as
per Rogers [27], and Saloman’s [28] Media Focused Learning. With this focus, we were
able to maximize the effectiveness of instruction by adding relevance torttemiz@and
fostering an active learning atmosphere.

The use of a social network system and smart phone will play jportamt role in e-
learning. The possibilities for mobile learning are endless, and the market dyalrea
primed for adoption of these learning capabilities. Cell phones, iPhone, Daoidhéid
computers and Blackberry have the capabilities today to support learning. EMU e
learning methodology has mobile capabilities that will be described in a future paper.

Another aspect of this methodology is the utilization of Knowledge Msmagt in
eLearning. The objective of elLearning and Knowledge Management are, sam
“learning”. However, eLearning by nature is static and is only good with is a time period,

while Knowledge Management is dynamic in nature and changes wi¢h While we

see lot of efforts by online courses to let students share theirldchgavand by online
content developers to let students transfer tacit knowledge into explicit knowlétige, s
there is no transfer of knowledge take place between students of veoiotses. For
example; students taking a course in Fall will share their knowledge and will als® crea
knowledge. Once the course is finish a new one starts in theseemester all that
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knowledge gets wasted and is not been utilize by the next semestetsstiithshwaste
of knowledge can be utilized to promote effective learning.

The new methodology uses technology to create and store knowledgestfrdents in
every course and lets other students use it on an anytime antesaywasis. This will
help students to learn from mistakes from past students, which willcadste an
environment where students can spend time to learn the deptle cluliject rather
wasting time to inquire about issues already solved/ answered by pasttstud

The new methodology will help in developing courses that will utilize:

e Experiential Learning/ Context to link
o Students’ prior knowledge
o Students’ current interest and environment
¢ Media Focus Learning, to
o Create stimulating media, simulation models, video blogs etc to engage
students
e Social Learning, to
o Create active learning environment with the use of case studies, live
discussions, debates etc
o Create knowledge management portals to collect and disseminate
knowledge
o Provide virtual meeting environment and direct connectivity with social
network groups, like MySpace, Facebook etc for effective
communication and collaborations.

New methodology (Figure 2) seeks to create a:

e Highly interactive learning environment
e Meaningful discussion
o Communicatio
o Team work
o Collaboration
¢ Knowledge Creation
¢ Knowledge sharing
¢ Knowledge Management

CASE
The methodology was use to develop EM619, “Applied Project Management”, course

(Figure 3). This is a three hour course, and in one of the thagecPManagement
courses that students in Project Management track has to take.
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Technology:
MS Excel Simulation
Video/ Blog

Media
Focus
Learning

EMU
EM Online
Methodology

Social
Learning

Experiential
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Online Activity:
Knowledge portals,
Virtual Meeting etc.

Context:
Real world problems

Figure 2: EMU Engineering Management Online Methodology.

EM 509

Engineering Project
Management
EM 519
Applied Project
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EM 609
Advance Project

Management

Student
PMI Certified

Figure 3: Engineering Project Management Courses and Prerequisites.

EM 519 Course Descriptions

This course includes advanced applications of software and theory foringlann
implementation, management, and analysis of engineering proftcdents will use
PMBOK as a guide to understanding the practical aspects of the engineejauy lifeo
cycle, along with case study discussions and hands-on applicatiornsro@ct
management tools and techniques.

Course Outline

The course is divided into 8 units. Each unit is 2 weeks long. Uniisthe introductory
unit. In this unit students are given time to learn about the coursi¢.indtudes
documents/video/audio regarding:

e Course syllabus
e Course description and the way course is managed
e Students’ expectations
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Important deadlines and milestones

How to conduct a debate

How to analyze case study

Presentation format and guideline

Report format and guideline

Formulation of groups and selecting project manager
Other items as needed

The main purpose of Unit One is to ensure that the online learyétens or the course
flow doesn’t become a hindrance to learning process. At the end of the first unit, students
are tested on their knowledge about the course. Students can attempt thidtiglet mu
times. Students have to score 100% before the points are counted tosvahaitti©ne
grade.

All other units are divided into:

e Lecture
o Students are provided with a lecture on the topic. These lectures are in
the form of videos, Power Point presentations, chapter and/or journal
reading.
o Several solved problems are provided to students so that they can
understand how to formulate problems and attempt their solutions.
e Discussion (Figure 4)
o Case Study Analysis:

= The main idea of case studies is to invoke critical thinking among
students. We use this opportunity to teach students that nogsalwa
will they be able to find an optimal solution or make the best
decision or that all decisions are correct. Students learn that decisions
are based on several factors and one should be able to make decision
under given circumstances based on the available data/ information.

* In every unit, one or two case studies are provided. These case
studies are either provided as text or in video format. In case of audio
students can also download the MP3 version as well. These MP3 are
created using text-voice software.

= The case studies are directly related to the topics of the units. The
main idea of these case studies is to motivate students to define
problems in the case study and to discuss various solutions that ca
be implemented. Each student has to comment on at least three other
students’ comments/solutions. The discussion is evaluated based on
the critical thinking, references wused in the argument,
data/information/facts used and the quality of discussion the
comment has created.

» Instructors participate in these discussions to motivate and to ensure
that the discussions are on track. Strict communication etiquette,
called “netiquette” is followed. The discussion also teaches
communication skills and the art of creating alliances, a very
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o

important part of business management. Twice during the semester,
students working in teams will be in a web-meeting (audio and
video) to discuss their strategy about the case study presentation.
This helps them to learn the virtual meeting environment and the
tools and the techniques needed to obtain best results for such an
endeavor.

Knowledge Capture (Figure 5):

= For every unit, students are asked to write problems and issues that
they faced during the unit, along with their solutions. These can be
(tagged) problems related to MS Project, unit topics, problem
examples, assignments or group projects. Students have to gearch
Knowledge database to ensure that the problems that they have
outlined were never reported before, thus making sure that their
problems are unique.

= Students also utilize this Knowledge database to solve their own
issues. The searchable database helps students to look for solutions
for the problems that they are encountering. If they are unable to find
the solution to any issue, they can report the issue to the discussion
where other students can collaborate to help the student in finding a
solution. Figure 4 shows one such collaborative discussion page.

e Assignments
e Group Projects

o

There are two types of group projects. One related to overall Project
Management cycle, including planning, executing monitoring and
closing of the project, and the second one is about monitoring an
engineering project. In our EM program, we get students fromyever
type of engineering field and background. It is important that see u
the contextual learning concepts by assigning group projects where
students can link their own personal and professional experiences in
completing the projects. We have projects in the several areas and we
either asks students to pick a project themselves or we assign teem on
based upon their experiences. Following are two examples of such
areas.

= Energy Project: The objective of this project is to design and select
an integrated sustainable/renewable solution for an average house.
Students are asked to develop an integrated wind and solar solution
for an average size house using equipment and solutions readily
available in the national and international markets. There are a few
variations in the project based on the geographical location of
students. Some of these variations are: location of the house, number
of hybrid solutions sold, cost of the solution, etc.

» Training Projects: Every big and small company in the world has to
plan and invest in their workers and one way to achieve that is
continuous training. The current economic crisis has had a very
devastating effect on companies training budget. Companies are now
using their own employees as trainers. Thus new engineedstmee
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know the art and science of training and teaching adults. In the
training project, students work in groups to learn about the
methodology of developing training and then develop a training
program. They are evaluated based on the content and delivery of
such training. Again there are variations in this project too; the area
of the training, the number of days training has to be conducted, etc.

o The second type of project is an Engineering project. This pragads
with monitoring and managing an engineering project where dtiden
group have to make decisions about the project based on various
scenarios. In real life, the project always experiences situationaréhat
not planned. Political situations, war in a region, sickness, strike,
natural disasters, etc. usually cannot be predicted, however, they are a
part of life and business, and the project needs to address them wh
they occur. In the engineering project, students are placed in such
arbitrary, but realistic situations. For example, they can be told that
their shipment is arriving from South Africa and the container isgbei
high-jacked by the Somali pirates. The group has to make a decision on
how to reallocate resources and modify timelines to ensure sudcessf
completion of project.

o Students working in groups participate in online discussions and in a
virtual meeting environment. At EMU, we have created a separate
video conferencing software using Joomla along with Elluminate.
Students can also use Dimdim, NetMeeting, GoToMeeting, etc. (Figure
6). The collaborative web page for the group has many options and
students as group decide on what software they prefer usirtgeIn
same way, apart from EMU’s own chat and discussion boards, students
can use Skype, MySpace, Facebook and Twitter for communication
and collaboration. EMU’s learning system has provided an option
where students can use one unique login ID to access their MySpace,
Facebook and Twitter account. They can use these social networks for
communicating, texting and instant messaging.
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EA TERN Engineering Project Management

Instructor: Ahmed
MICHIGAN UNIVERSITY drmin] [EmailLive] Doc Sharing]DrapboxJournal]
~
Problems and Solutions =
Please tell us about: (1) Any technical or procedural problems you had or still have with figuring out how to use the EMU online system, the course textbook or CD, MS Project 2007, or
submitting assignments (begin entry with PROBLEM: then describe it). (1 pt.) (2) Solutions you came up with to solve that problem, or may offer to other students to help them solve
their problems (begin response entry with SOLUTION: and then describe it. (1 pt. extra credit sach post, 2 pts, &.c. max.) Learning software is often a difficult task at first, and is a drain
on productivity before it enhances productivity. It shouldn't be surprising to see some people having a few problems figuring out how to use MS Project 2007 throughout our course.
Hopefully, this will be a goad forum for overcoming some of these difficulties. Remember, when you provide a helpful tip to one person via the Threaded Discussion, you are probably
helping a number of others at the same time. Check out the Threaded Discussion frequently. Feel free to extend the discussion for the mutual benefit of everyone in our dass on any
related topic that may be of help to you and others. Thanks.
Prespond
Bewpand Al Derintview  »Show Options
& Response A Author Date/Time*
> & Assignment Feedback Douglas Lund 2/3/2010 10:13:21 AM
B 4 RE: Assignment Feedback Chalan Munasinghe (=] 2/7/2010 11:01:56 PM
# & RE: Assignment Feedback Megan Skelto 2/5/2010 7:50:32 PM
( & RE: Assignment Feedback Chalan Munasingh 2/12/2010 1:25:09 PM
B B4 RE: Assignment Feedback Marikay Clancy ‘=] 2/14/2010 5:42:47 PM L
( & PROBLEM:MS Project 2007 Chalan Munasingh 2/13/2010 2:37:09 PM
B> & RE: PROBLEM:MS Project 2007 Chalan Munasinghe | 2/13/2010 2:44:16 PM
(% 4 RE: PROBLEM:MS Project 2007 Douglas Lund 2/14/2010 10:36:23 PM
Threaded discussion 8 B & RE: PROBLEM:MS Project 2007 Chalan Munasinghe 2/15/2010 12:48:02 AM
B> 54 PROBLEM: Cost Roll-Up in MS Project. Michael Ade 2/14/2010 1:20:00 PM
% 54 Prahlem MS Proiect Kennith Tate 117 /=1 2/14/2010 2:18:56 PM :
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Figure 4: Collaborative Issue Resolutions Using Issues and Solutions Web Discussion.
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Figure 5: Knowledge Management Portal for Issues and Solutions.
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Figure 6: The Collaborate Web Page.

EVALUATION

At EMU, all Engineering Management courses have a “course evaluation” site where
students have to evaluate all courses. To ensure 100% participation, the evatuatio
graded. Instructor evaluations are not done on this site. The coarselected for re-
design and development, Applied Project Management, has been taught afoEMU
many years. We would like to investigate effectiveness of the nexgedased on the
overall satisfaction of students from the course, number issuesn&gudncountered
during the course, the effect of the knowledge management portlaoming and
problem solving, and the effect of social networking on communitamd
collaboration. In Fall 2009 and Winter 2010 semesters, we taught this cmimgethe
newly redeveloped course. A total of 32 students were registered thesegsemesters.
The sample size was small so we were not able to use the “Classroom Community Scale”
[29]. Our plan is to re-evaluate the course once we have a samplé $2@ wsing this
scale.

In order a get some insight about the new course, we comparedotlyisaf students and
28 students who took this course in Fall 2008 and Winter 204€ulRR are presented i
Tables 1 to 3.
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Table 1: Student satisfaction from the course.

Fall 2008— Winter 2009 (28) Fall 2009— Winter 2010 (32)
Very Above Average Below Not Very Above Average Below Not
7 9 10 2 0 24 6 2 0 0

Table 2: Course Activity Gauge for Fall 2008 and Winter 2009.

What is the best course activity?
Discussion Case Project Lecture Nothing

5 7 5 4 7

Table 3: Course Activity Gauge for Fall 2009 and Winter 2010.

What is the best course activity
Collaboration Knowledge portal Project Web meeting Nothing

6 8 10 8 0

The above comparisons indicate that the students’ overall satisfaction has increased and
the group projects have created the contextual learning link with stullesgtswhile, the
use of web based technology, social networking, etc. have a higher appats;
suggesting a higher acceptance of commonly used technology imiadea@nvironment.

In order to obtain the effectiveness of the knowledge portal angdl&dge management,
we compared the number of problem and issues students postedhathgetting the
solution from the knowledge portal. Table 4 shows the differench@nnumber of
problems:

Table 4: Course Knowledge Portal Affectivity.

Fall 2008— Winter Fall 2009— Winter
2009 (28) 2010 (32)
Total Questions in Discussion 209 82
Total Questions through emails 523 114

The significant change in the number of questions asked by studehtsumber of hits
received by the knowledge portal web site suggests that the knowledgeiatilipatule
helped students solve their issues.
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CONCLUSION

The paper described a new methodology for the development of onlimeesoby
employing the concepts of Learning Design, Knowledge Managenmghtantextual
learning. Linking web based activities with students’ base knowledge and incorporating
web based and mobile technologies, effective communication and collaboratitve can
achieved. Using these tools, students investigate multiple issues emtifyid/arious
solutions, rather than finding a single, optimal solution. Thisiardinished work; more
data is needed to investigate the effectiveness of such methodologlk. Wilobe
continued and other methods, like Sloan’s quality pillars, and scales, like the Classroom
Community Scale, will be used to validate our hypothesis. Hopefully thpseaapes to
education create a new paradigm that teaches students to discover and construct
knowledge for themselves in an online environment.
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MULTIMEDIA TEACHING METHODS
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ABSTRACT: The best philosophy of tag’s global education involves a combination of teaching
styles, including both normal classroom instructiomd also new IT multimedia tools. Students
should also learn how to organize their time ankhee school with the rest of their lives. The key
to combining various teaching methods that use kndgée skills and creativity in combination
with computers, IT methods and multimedia graphi€sto use new computer programs and
software applications. To improve the standard atlon students are given today, multimedia
educational tools are often used in combinatiorhwégular classes taught by teachers. Teachers
can utilize the multimedia methods in the classrdorhelp provide additional learning instruction,
as well as allowing students to access the schatbdse to learn more on their own. Multimedia
methods also are available for online courses inarsities for global students who cannot attend
college elsewhere. Multimedia educational teachirgghods provide useful information using new
IT teaching systems that will benefit all studeirtsthe future, whether in the classroom or from
online courses available overseas.

Although there are many different kinds of teachmethods, a combination of various styles using
regular classroom teaching with new IT multimedials may be the best education for students of
all ages. Schools need to implement new multimadaching programs that allow for creative
thinking mixed with a solid foundation of core kniedge and skills so will obtain the most
effective overall education to prepare them for tlenpetitive workforce. Researchers agree that
the American education is starting to raise itsig®y standards using more IT multimedia teaching
methods, which have been proven effective in be#ditional classrooms and also for online
university courses.

KEYWORDS: Multimedia Educational Tools; Multimedia Teaching Kmis; Online Course;
Multimedia Education; Multimedia Graphics; IT Educatl Tools.

INTRODUCTION

The best philosophy of today’s global education involves a combination of teaching
styles, including both normal classroom instruction and also nemudlfimedia tools.
Students should also learn how to organize their time and balance sdoiblearest of
their lives. The key to combining various teaching methods thakneseledge, skills
and creativity in combination with computers, IT methods and multingrdighics is to
use new computer programs and software applications. To improvetahdarsl
education students are given today, multimedia educational tools are stdniru
combination with regular classes taught by teachers. Teachers can utilizeltiheedia
methods in the classroom to help provide additional learning instruc®mwell as
allowing students to access the school database to learn more on thelutimedia
methods also are available for online courses in universities for globansiuedho
cannot attend college elsewhere. Multimedia educational teaching methods provide
useful information using new IT teaching systems that will benefit atlesits in the
future, whether in the classroom or from online courses availablsens.
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PURPOSE OF MULTIMEDIA EDUCATION

The main purpose of multimedia educational tools is to provide extra hetpein
classroom for teachers who may be overwhelmed with so many stticiintisey do not
have the time to offer individual help. The multimedia IT tools allowesttslto access
databases of information that help students learn at their own pace. Resdar(1@83)
feels different kinds of education are important to keeping studetgsested in the
material. As students get bored with regular classrooms, the multinted@ols help
them to learn new skills, find out different information related tocesses they
previously did not know, and then use their brain to think mogatively, which will be
good for them later on in college when computer skills are mandafory [1

In E.D. Hirsch’s article (1993), “Teach knowledge, not ‘mental skills”, he explains how

teaches usually focus on improving students’ mental skills through computerization as a

necessary part of learning. However, many teachers often cannet theKearning
experience beneficial for students that are either smarter or slower béraysaust
stick to the prepared teaching plans. Since many students progresser@ntifévels
during their education, it is difficult for teachers to have an overall ilegslystem that is
effective for everyone. Multimedia courses can help students togsat their own
pace from home, whether it is advanced or slower, so they can ledvoutwthe
competition of having to meet other students’ pace [2].

Another purpose of multimedia educational tools is to provide online dtistnuover the
Internet and World Wide Web so that students overseas can bendiitwestern
education. Many universities are offering online courses using multinteal® such as
Blackboard classrooms online that allow for students abroad to attend virtua&sclass
taught by American or UK professors at western universities. Hirsch feelsisheoe
consistency in what children were taught in previous grades, teachers haraéeca
compromise in how much time they can provide per pupil. Researdtieksteéachers
have a very hard job and they really must have trouble gettingeadittidents to learn at
the same pace. Hirsch accepts that students must first have the preper ddmputer
skills to use the multimedia learning tools, and then find waysedhesm. Researchers
also agree that if schools can upgrade their teaching and learning sysiémg IT
multimedia methods, they will do a better job teaching student [2].

Some students learn more than others so they are at different levilg their
education. This makes it hard for teachers to help students keep ugastihother.
Hirsch created the Core Knowledge Foundation multimedia program to help schools
improve the content of learning and using IT tools, rather than justadasdearning
skills. Many administrators in the US are now putting this Core Knowlétindation
multimedia education program into their schools. One Bronx school eagnmiajor
improvement in all their students’ learning abilities: “Over 50% of classroom time is
spent teaching each student a core of knowledge through multimediadsi¢tiat is the
same material offered to every other child in regular classroomsaRésrs think this
multimedia program is very interesting and that it will probably be vefgctfe in
helping students learn more [2].
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OBJECTIVES OF MULTIMEDIA EDUCATION

The overall goal of multimedia education is to integrate hardware computdrs an
accessories, with software applications and IT methods as essential compmfnents
providing instructional courses to achieve the following objectives:

e to provide global students with practical experience of using the multimedia
methods.

e to enrich students' understanding of the multimedia methods.

e to enhance students' understanding of the underlying informatibknanvliedge
provided to them.

e to provide practical usage of computers, IT methods and multimedaitioo
order for students to gain knowledge on various subjects [3-5].

INSTRUCTIONAL FEATURES OF MULTIMEDIA EDUCATION

There are many useful features of multimedia education, including giipbics, sound,
music and images in combination with text words to help students betterstand the
course content. Multimedia education involves mixing IT method$eafing with
instructional teaching in a classroom atmosphere. Multimedia imagery Tusesl$ as
guides to help students, even when they are at home using theircawputers.
Multimedia education can also be used in the classroom to help teachere sefidl
examples of what they are teaching.

Some of the educational benefits of multimedia education include:

e Division of teacher and student (during most of the instructional process)

e The power of a strong IT educational tool (including the provisiostadent
evaluation).

e The application of educational multimedia to unite teacher and learner (and
explain course content).

e The provision of two-way communication (between teacher, educational
organization and pupil).

Some of the positive features of multimedia education include: learner-pacebe can
used anywhere, low cost, and works with any age, race or nationfapigople, due to
being available in all languages. Some of the negative features of multimedia educatio
include: limited interactivity, students sometimes have difficulty keepie with the
instructional guide, and students must have excellent IT and compilter Bgachers
need to realize that students learn at different paces and some need more #tmtion
others. Teachers who use multimedia teaching methods like the Coreledgew
Foundation program will be better able to help those students who magHadtiothers

who learn at a faster pace. Even advantaged students are hurt dgpydfieinith huge
knowledge gaps or by being bored with repetition. Hirsch’s Core Knowledge Foundation
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program has eveheen used in the Clinton Administration’s new education bill, even
though many educational reformers think skills are better than teachirdfanty [6].

APPLYING MULTIMEDIA TEACHING METHODS TO DISTANCE
LEARNING

Besides applying the multimedia teaching methods to existing classrooiculcums,
they can be used in distance learning programs. Distance leagsirgiMen students the
higher learning they need to be effective in their positions in a competitivkplace
environment. With the advancement of Internet technology, distance studynkne
courses have become very popular. Many foreign students wantriahedr college
degrees but need access to the materials. The technologies involved inahgdéhels
World Wide Web and Internet to provide overseas access, desktop catilafor
software, electronic mail, email discussion groups (listserver), bulletind whscussion
groups, and in class technology. Internet downloads and wirtdebsiologies like
laptops and mobile telephones offer compatibility with global software ardivare so
students all over the world will be able to participate in the online class distussid
attend the online virtual classrooms [4,7,8]

Colleges like The University of Minnesota use multimedia instructional sgstem
improve the communication level between teacher, students and classmates by allowin
virtual classroom discussions, student input, teacher feedback, posteunassgywith
flexible time schedules for completion. The teacher and class can have eir abtirse
interaction in a virtual cyber classroom 24 hours a day for obtainorgetvork
assignments from the bulletin board, and then placed into the dnop Dmsktop
Collaboration Software, video software systems, email discussiongymuistservers,

and virtual “Smart” classrooms allow for innovative interaction between students and
teachers [4,7,8].

SUMMARY AND CONCLUSIONS

Although there are many different kinds of teaching methods, ainatitn of various
styles using regular classroom teaching with new IT multimedils tmay be the best
education for students of all ages. Schools need to implement new midtirmaching
programs that allow for creative thinking mixed with a solid foundatibncare
knowledge and skills so will obtain the most effective overall education tangreipem
for the competitive workforce. Researchers agree that the American educatienirig)
to raise its learning standards using more IT multimedia teaching methioids, ave
been proven effective in both traditional classrooms and also for onlinversity
courses.



USE OF TECHNOLOGY IN ENGINEERING EDUCATION 217

REFERENCES

[1]
(2]
(3]
[4]
[5]
[6]

[7]
(8]

Ho, K. (1983) “We Should Cherish Our Children’s Freedom to Think”,
Guidelines. UK: Cambridge University Press, 125-127

Hirsch, E.D. (1993). “Teach knowledge, not ‘mental skills’”, Guidelines. UK:
Cambridge University Press, 1229.

Gibbons, J. F. (2004). Tutored videotape instruction: an approaatiutational
productivity. The Stanford Engineer.

Stephen, K. D. (1986). The use of distance learning in indu3togeedings of the
Institution of Mechanical Engineers.

Tinsley, D. (1985). The Open Tech Programme: a progresstrededia in
Education and Development.

Tolley, G. (2003). The Open Tech Programme: A new initiative ddults.
International Journal of Lifelong Education.

Bates, T. (2005). Television, learning and distance education. EL&tin.
Gibbons, J. F. (2004). Tutored videotape instruction: an apprimaeducational
productivity. The Stanford Engineer.



USE OF TECHNOLOGY IN ENGINEERING EDUCATION 218

A TOOL FOR EFFICIENT PLANNING OF COURSE OFFERINGS
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ABSTRACT: In many universities and colleges in which the itredur system is adopted, planning of
the courses to be offered every semester is neéthstandard nor a straight forward task. This is
particularly true for smaller colleges and departteewhere academic advising is emphasized, and whe
the students’ selection of courses is restricted due to factors such as prerequisite requirements and
academic probation policies. In such a “customized credit-hour system”, the planning of course offerings

is not limited to ensuring efficiency in managimg tacademic program, but should also yield in ofter
courses that shall meet every student’s needs based on his/her individual study plan, thereby assist in
producing an effective academic advising systememmhancing the quality of the academic program
This paper explores key issues regarding the plgnof course offerings as well as the expectatains
an effective academic advising system and its itpadhe quality of an academic program. The paper
also details the rationale for and purpose of #ineetbpment of tools to support these processéleit
presents a program management worksheet that watedrand developed, over the past three years, for
the Aeronautical Engineering program at Emiratem#ion College - Aerospace and Academic Studies.
The worksheet has been used for the planning ofctheses to be offered by the department every
semester as well as to assist in providing studeitisquality academic advising. Analysis and resof
deploying the program management worksheet arepadésented.

KEYWORDS: Program Management Worksheet; Course Offeringsyr&o Planning; Academic
Advising.

INTRODUCTION

Development of a comprehensive course plan is driven primarily bjcaum and
student demand, but it is also affected by the appropriate size for diftémeres, and
teaching load of instructarsDue to resource limitations in small colleges and
departments, teaching resources should be fully utilized. Moreoverpshef student-
credit-hour demands that the number of students in any cshiesdd be greater than a
certain minimum number, to be financially visible. Also, students’ course load should be
considered to help them, especially in the freshman year, to completeetieie éh time

while adhering to academic policies and regulations such as those related toi@academ
warnings.

Effective academic advising includes, but is not limited to, helping stsidkntn current
academic information, progress toward their educational goals, develop strategies
avoid academic problems, be confident about the choices they have madelemd
courses [1]. By guiding students toward appropriate course selectienscéldemic
adviser encourages better student-course matches, fewer failures, less frustration
more satisfied students and faculty. Improper advising may oeben delivering
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inaccurate or misleading advice. Other symptoms may be lack of knowledte of
course offering, relationships, prerequisites, or inadequate understafdine case at
hand. This uninformed advising would eventually lead studentastevtheir time taking
non-required course work, make wrong career choices, or createdpapf@ study
program [2].

The freshman course selection [3] and ability of students to handle aatase load [4]
are another two important issues to be considered in course offdenging and
academic advising. Some colleges assign academic advising to students on tbé basis
academic preference, while in other colleges, students are assigned to anadsor
basis of residence area [5]. In small colleges in which the credit-hadensys adopted,
following a standard study plan for the offered courses in eachssemnis not possible
due to many restrictions. These restrictions include prerequisite requirementef cost
student-credit hour, availability of faculty member, and academic probadiicies. In
such cases, a customized-credit hour system should be employedthAlgptanning of
course offerings is vital to ensure efficiency in managing the adageogram, and to
yield in offering courses that meet every student needs baseid/bar individual study
plan. Moreover, the academic advising will positively influence the studefotripance

if it is based on the academic status of the student not on his IDenurntother
irrelevant criteria.

This paper explores key issues regarding the planning of coffiesmgs as well as the
expectations of an effective academic advising system and its iop#uoe quality of an
academic program. It then presents a program management worltetesas created

and developed, over the past three years, for the Aeronautical Engingergrgm at
Emirates Aviation College - Aerospace and Academic Studies. The worksheet has bee
used for the planning of the courses to be offered by the departnegptsamester as

well as to assist in providing students with quality academic adviginglysis and
results of deploying the program management worksheet are also presented.

PLANNING OF COURSE OFFERINGS

In colleges with large number of students enrolled each semester, ithinglaf course
offerings is mostly a straight forward process. A schedolethfe courses that will be
offered during the whole academic year, can be prepared and annoartbhedstudents.
Then, students have to plan for themselves with the help of themmaddviser without
expecting any change in the announced plan. Also, because many ofutses are
offered only one time each year, the student has to plan hélwdehaccordingly.
Moreover, all course offerings are contingent upon sufficient enrolimernthwheans
that a student may choose a course and then is obliged to switohtheraone because
the chosen course will not be offered or is dropped, else he/she véltdawait until the
course is offered again and the minimum required number of studemolled.

On the other hand, in colleges with small number of students enrbléedlanning must
be flexible enough to meet each student’s needs while enabling him/her to register for
courses such that they can graduate in time. Moreover, the offenetganust include
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some general courses, departmental courses, and major courses to diteilnitely
load over the whole period of study and to satisfy the course prategueuirements.
In such circumstances, a standard deployment of the credit hetanmsghall not suffice
to achieve the various desired outcomes, and a customized credit-i@un sy required
that is characterized by the following:

a)
b)
c)

d)

e)

Emphases on academic advising by universities in the region as el d&\E
ministry of higher education and scientific research

Immaturity of students (and inability) to handle credit-hour sysiartheir own.
Mainly due to lack of awareness and not being used to such a system
Prerequisite requirements and their role particularly in engineering pregram

At Emirates Aviation College (EAC), the minimum fees covers up to é&ditcr
hours, and hence, it is required to provide every student witbpjhertunity to
register for five courses according to his/her individual study plan.

Academic warning policy, which has been adopted by a number\arsities

to provide students with a fair chance to improve their CGPA. Acoptdiithis
Academic warning policy, a student is placed on academic probation i at th
end of a semester his/her cumulative GPA falls below 2.00. Aeistudn
academic probation for the first time is allowed to register four couwvibsa
maximum load of 13 credit hours and must at least repeat one course.

A student on academic probation for the second consecutive seisedkawed

to register four courses with a maximum load of 13 credit hourshawd to
repeat at least two courses. A student on academic probation for the third
consecutive semester will be dismissed from the college. It is highly
recommended that students on academic probation consult regularlheiith
academic advisors. Probation will be removed at the end of any senmester
which the student attains a minimum cumulative GPA of 2.00.

To successfully deploy the academic warning policy the courses to béekphase to be

offered. In a regular credit-hour system, courses are offeredpamcgear and hence in
many cases the student will not find the appropriate minimum nuofbeourses to

register in. The planning of course offerings during any sem&steitd take into account
the following rules:

a)

b)
c)
d)

e)

f)

At least 5 courses will be available for each regular student and 4 courses will be
available for a student on academic warning, one or two of themepeating
courses.

The minimum number of students to register in a course sheulbbve 16
students per course to run the program efficiently.

Teaching load should be distributed on all major fields to equally load the
faculty staff.

The load on a student should be distributed over the major fields ardaben
courses.

The prerequisite for each course should be satisfied.

For each student there should be a proposed plan for the comingy thvee
semesters assuming that the student will succeed in all courses. This tepresen
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the severest situation that the college may encounter in planning foe cours
offering.

g) The above criterion should allow a graduating student (the studentashtwb
semester to graduate) to finish the remaining courses in time.

ACDEMIC ADVISING AND THE PLANNING OF COURSE OFFERIN G

Academic advising can play an important role in helping students dosfitutions to
guestions and concerns. In a recent study [6], recommendatiobstfer performare
and effective advising in small colleges were summarized as:

a) Advisers and students should understand the purpose of thanggbrisgram.
b) All advisers should receive training.

¢) Advisers should focus on developing personal relationships withatieises.
d) Students with specific needs should receive increased assistance.

The last recommendation requires academic advising to be based, maihly,stindent
needs and it will be different from case to case specially in small colleges’ environment.
Distributing the advising load on the faculty members may be baséd aomber or
residence location of the students. However, this criterion is not reauechéecause of
inconsistency of student’s needs and situations. Alternatively, distributing the advising
load according to number of completed credit hours results in a mosestem group
and hence very close needs and concerns. Moreover, the advisingagtpomstly, be
taking the same set of courses and they will graduate in the ssaneThis helpsn
planning the courses they need and thus distribute the study loa$ doeir study
period.

PROGRAM MANAGEMENT WORKSHEET

In Emirates Aviation College, a worksheet has been developed and iempésmin
planning of course offerings. This sheet has many capabilities. &sh& study plan for
each student perceptible and thus the planning team can bring fonwdethy course(s)
for this student to match the needs of the majority of stedesthout violating the
prerequisites. This helps in increasing number of students thaggiater in each course
without affecting the graduation plan of the student. Moreover, thet stedps in
distributing the study load by offering the student general ciugsile some department
and major courses. Also, this helps in balancing the teaching loax qoitable for the
available faculty staff.

Figure 1 illustrates part of this sheet using student ID as a sorting crit€tie second
row of this sheet includes all the courses that comprise thegpnggome of them do not
appear in the Fig.). The courses are grouped according to the field iafligpgon, i.e.,
all math courses appear in the first few columns, then structureesofakowed by
propulsion courses, and so forth. Also, the prerequisitedoh course appears in the first
row to help the planning team to satisfy the prerequisite while choasoayrse for a
student. The Excel sheet calculates, for each student, the number of foristii¢dhours,
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number of offered credit hours, AGPA, number of offered coward, the number of
remaining courses till graduation. Also, the sheet checks if the A@lR%elow 2.0 on a
4.0 scale and if so, the student gets an academic warning.

A selected course for the coming semester is given (1), while (Nfiyea to a course,
which is proposed for the next semester, (N2) for a coursehvidiproposed for the
semester after the next semester, and (N3) for the semeste¢haftext semester. Also,
(S) is given to the course/student cell if the college has a plan to offenesucourses
and this student is eligible to register in one of these courses.aklsmrding to policies
and procedures in Emirates Aviation College, a student who needs thressanuess to
graduate will be offered these courses in the summer. By vertical sumimiatielis with
(1), the total number of students that can register for certain courtigeicoming
semester can be estimated. Similarly, the number of students thabameligible to
register for certain course in the next three semesters can be estimatedgsisatrall
students can pass the prerequisite for this course. This assumptses eauerror in the
estimation, and it was found that this error is in the order ¢d 20%. Grouping courses
according to field of major specialization helps in insuring that theestuzhn finish all
courses in time and that the selected courses will be distributed on all fieholsjaf
specialization. Also, there is a group (not appearing in the figurejefoeral courses
(GE) such as English and IT courses. In any semester, the plaeaamgtries to offer
some GE courses beside department and major courses to help in balaecstgdy
load the a student may have in one semester.
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int to Math

lApplied Mech

Mech of Mats
Material Eng
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int to Math

[Thermo + Fluid

Heat Transfer + Intro
lto Aerodynamics
Prop Tech

Math |
[Math II
[Math 11
Math |
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= - |l=1|=2 8|1 8|5 |s|<| 32 2| €| e|8|3
elsl=slzs]s= 212|s|5|8|a Els|El%]E
R a|lo|5|28|2|2 5|2 |5|8]%
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Figure 1: Program management worksheet sorted by student ID.

It was found that sorting the students according to the number didihisredit hours
helps the planning team in selecting the most important courses todvedoifi the
coming semester to satisfy the needs of the graduating studentssartt@ster and then
build on this bases and try to fill these courses with the maxinwmber of eligible
students. After finishing the planning for the courses needed fa@réamating students,
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the planning team considers the courses for the students who Bget@agjraduate after
two semesters and so on. Rationalization of course offering accaaigcaduating
students was very helpful in offering the minimum number ofsesiand thus increasing
the number of students registering in each course without violatiagctlurse
prerequisite. Also, it is worth to mention that there is a maximum limthe number of
students that can register in one class and if the numberdanssubecome above this
limit, the planning team suggests opining two classes for thise@und split the students
in two groups. As it can be seen from Fig. 2, courses like #ir@tructures and Gas
Turbine Science are required for graduating students who have finis@extetlit hours
out of 134 which means they need only one semester to graduatec®urses have
priority to be offered in the coming semester over any other course.
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Figure 2: Program management worksheet sorted by number of finished credit hour

Also, a student who has got warning will be assigned three (omiewe)ourses plus one
(or two) repeating course(s), which will be selected from the courseghgitiminimum
grade (F is better than D, and D is better than D+, and so on). Thighektsident with
academic warning to improve his AGPA in the coming semester to deofotne
warning. In the next step, the planning team looks at the coursetheitiminimum
number of students and tries to select a different course dosttidents who were
initially assigned to this course. This should be done without remp@ny of the courses
needed by the graduating students. This process ends up with fampésach student on
the basis of student needs and with the maximum number of &udeach course.

Also, this worksheet is employed to plan for the teaching load aftfamembers. The
selected courses are assigned to faculty members according to theif ip&tialization
and within the maximum allowable load. The remaining courses will be coligrpdrt
time staff providing that the percentage of part time teaching load is &sstlequal to
25% of the total teaching load in this semester. This percentagebig et Ministry of
Higher Education and Scientific Research in the UAE. If this percent bscalmoee this
limit, this means the college needs to hire a new faculty member andajbefrald of
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specialization can be obvious from the Program Management Sheet. Gerierally
Aeronautical Engineering, there are main four fields of majors, man®tucture,
Aerodynamics, Propulsion, and Control.

Figure 3 shows part of the program management worksheet @h whie conflicts
between courses can be evaluated. All courses are inserted in a column aad at th
intersection between each two courses, one from vertical list and arfaiherthe
horizontal list, the number of students who register in these turse® simultaneously is
evaluated. For example, consider (Math 1) from the horizontal list andh@mécs of
Flight from the vertical list. There are 23 students register for bothth(Njaand
(Mechanics of Flight). Alternatively, (Mechanics of Flight) has no confiiéth
(Introduction to Math), (Math 1V), (Aircraft Structures) and (Gas Turbine Sciefte
course (Mechanics of Flight) can be scheduled in the same time witbd{iction to
Math) or (Math IV) or (Aircraft Design) or (Gas Turbine Science). On the didwed, the
course (Mechanics of Flight) should not be scheduled on the samevitimihe course
(Math I) or (Applied Mechanics).

Moreover, using some sorting techniques, a more compact and cldeahaetr can be
constructed as shown in Figure 4. All conflicting courses camdagpgd on two corners,
while the non-conflicting courses will appear on the other two corigssg this
configuration, three or four courses can be scheduled at a titmeutvany conflict. For
example, the course (Introduction to IT) has no conflict with the cotrsgligh II, sec
1), and both courses have no conflict with the course (Math 1V)., These three courses
can be scheduled in a class time table and final exam time table in the sarde perio
without expecting to get any complain from students. Moreover, thessesoare taught
by different faculty members. This means again, there will beamdlict on the time
table of the faculty member. This scheme results in reducingse8pent in preparing
time tables and during the last three years, no announced time tabtdhavayed due to
students or faculty complains.

The advantages of this worksheet can be summarized in providingstudent with the
required number of courses those suites their study plan to gradubte shortest time
while maintaining efficiency and diversity in the courses to be offekbate recent
advantages include the distribution of advising load based on academnscrathas than
batch ID, which improves the effectiveness of academic advising ane inakaight
forward process.
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Figure 3: Program Management Worksheet to schedule classefrat exams
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Figure 4: Conflicts between courses
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The results from this program management worksheet are venyigimg. During last
two semesters, the college offered 4 courses (12 credit hours) in eacbffislgjor
specialization in Aeronautical Engineering. This causes a balance on theddaaHion
faculty members. Also, the minimum number of students incanyse was above 16
with overall average of about 22 students per course. There was3dbstudents having
academic warning out of about 150 students, however, all of theenrégistered on the
proper courses to help them improve their AGPA and progress in thayras possible.

During the academic year 2009-2010, there are 32 graduating stu@elytene of them
has spent 10 semesters in the college to graduate, while 9 studenisteyrafier9
semesters, and the remaining 22 students graduate after 8 seifdeyeass), which is
the normal period for a student to graduate according the standard psundyThis
indicates that about 70% of the students graduate in time, 28% graduat®nrefter
semester delay, and only 2% graduate after two semesters delayotthistavmention
that this delay in graduation was not due to non-availability of cotwskes offered for
these students but it was because of their weakness and academic capabilities.

SUMMARY AND CONCLUSIONS

Management of academic programs in universities and colleges irg@ppianning of
efficient processes that yields optimum operation. This is a legitimate international
practice in almost all organizations including private universities as welbnas
supported by governments. In most universities and colleges, thecastidriver is that
resulting from human resources and particularly that of faculty membaesefore,
ensuring that the teaching load of faculty members is efficientigadiremains to be a
prime goal. On the other hand, an emphasis on effective academic adeieaigs to be
another important strategic goal. The effective academic advising alloventstud be
provided with quality guidance and practical means of achieving their ratagdeals.
This leads to the historical managerial dilemma of striving to operate effectindly
efficiently.

This paper presented a tool that can aid in managing academic progsanadlioolleges

and university departments. The program management sheet prepemtates the
planning team with all the required data in a systematic order, which sewmlécision
making and facilitates effective planning. Since the implementationi®ftdbl, each
student in the aeronautical engineering program at EAC, and eveegtegenwvas able to
register for courses according to his/her individual study plan duilé adhering to the
academic rules and regulations. Furthermore, the timetable was not changeHbeafter t
initial plan nor was there any courses added or dropped. Alseeraaddvising during

the registration period was a straight forward process.

This paper does not aim to suggest that the program managemenheebrgeesented
here is the only tool that can aid in the planning of course affgribut rather to
highlight the need for understanding the constrains involved inagiag academic
programs in various colleges and universities and to strive for jimgvitheans for
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achieving efficiency while maintain quality atademic programs in which students’
interest remain to be a priority
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ASSESSMENT OF THE PRACTICAL TRAINING
REQUIREMENT IN ENGINEERING EDUCATION IN
PALESTINIAN UNIVERSITIES

Riyad Abdel-Karim and Samir Helou
An-Najah National University, Nablus, Palestine

ABSTRACT: Practical internship is a mandatory course requergnn all Engineering undergraduate
programs in all Engineering disciplines and in Bhlestinian universities and is congruent with
international norms. In such courses, studentegpected to spend a period of eight to ten weeks in
recognized engineering firm in order to achieveeesal hands-on skills in their respective fields o
study. Upon completion of this requirement studearts required to present a comprehensive report
detailing the extent of the practical experiendaiaed in design work or in the field. Vernaculaeasons
dictate that the bulk of Palestinian students immget this requirement in local engineering firm&eT
following study is conducted to scrutinize the wvalece of this requirement in fulfilling the objei of

the requirement under the prevailing conditiondimited adequate engineering facilities taking into
serious consideration the perpetually growing sttdiemand. The following study shows that, despite
the importance of this course as a key requirerfeenproducing well qualified and trained enginegrin
graduates, the actual practice of implementaticdsdo be constantly scrutinized. The hurdles €acin
better reinforcement of this obligatory requirememte discussed and suggested solutions are
subsequently recommended. The study concludeauttiess the training period is invested at a venue
providing trainees with adequate exposure to thginguedge of technology and to state of the art
engineering then the entire exercise would be dntutdity as it would be counterproductive. The
present experience of the ubiquitous students exggharogram for the purpose of training through the
Union Arab Universities or through the Internatibessociation for the Exchange of Students for
Technical Experience (IAESTE) is thoroughly disagdn the Palestinian context transfer of knowtedg
is a well desired prerogative in the long overdiag¢esbuilding endeavor.

KEYWORDS: Engineering Education; Internship; Palestinian Wdrsities; Practical Training;
Assessment.

INTRODUCTION

Engineering education in Palestinian universities is playing a substaiiah falfilling

the dire need for skilled and well-trained engineers highly requiredthdet the
intensified development and reconstruction efforts especially in infrastructure,
construction and industry sectors which are corner stone’s in the state building enterprise.

The initiation of engineering education in the Palestinian Territories happet8d8 by
the simultaneous establishment of 5 engineering departments in the WwsttBo of
which are at An-Najah National University and the other three at BirZeit Uitivers
Presently there are 33 engineering undergraduate programs in 7itieivermong the
13 universities that are spread in the West Bank and the Gaza Strip. TlséryMari
Education and Higher Education regulates and monitors the quiaétjuoation in these
universities through the newly established Accreditation and Quality Assutaouncil
(AQAC).
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The total area of the Palestinian Territories (the West Bank and Gaza Strip corigined)
5,950 square kilometers, with a population that exceed four million i@.20te number
of registered engineers in the Palestinian Territories climbed to a whoppdtf id the
year 2010. The number of engineering graduates from Palestiniagrsitiés increased
from around 250 graduates in 1999 to more than 1500 graduate@9inT2 colleges of
engineering in Palestinian universities award a B.Sc. degree in 1Zxiffdisciplines.
All local universities follow the semester model, where the students riargeare
required to complete 160 to175 credit hours for graduation, which eatemdh five year
period. Practical internship is a mandatory course requirement in arigeerigg
undergraduate program in all Palestinian universities. This coursesis aredit course
in most of these programs. However in some of the prograensdurse carries 3 to 6
credit hours. In such courses students are expected to spend a pértodBoveeks in a
recognized engineering firm in order to achieve essential hands-ts iskitheir
respective fields of study in order to meet ABET requirements. Tigin&ering
Accreditation Commission, ABET, requires that engineering prograrnss aeunonstrate
that their students have attained the following outcome:

1. A recognition of the need for, and an ability to engage in lifelongilegr
2. An ability to use the techniques, skills, and modern engineering tools
necessary for engineering practice.

RESEARCH METHODOLOGY

For the assessment of the effect of the practical training internshigecdau the
engineering programs in the Palestinian universities, a special questonaa designed
to explore the opinions of a sample of students at the fourth diftthgear level and
who completed the internship course requirement.

The questionnaire was designed to include a general information section, folgveed
section in which the student was requested to mark a grade on aokchléo 10
expressing the extent to which the internship course met expectatigagling the
following aspects:

Supplementary knowledge.

Preparation for the firsop.

Technical writing.

Administrative skills.

Detailed drawing.

Motivation for starting a private entrepreneurship.
Computer skills.

Familiarity with used codes .

Development of interpersonal skills

10 Building analytical capacity.

©oNo Gk~ wNPRE
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A sample of 250 students covered the universities in West Bankb@mdgiuse students in

the Islamic University in Gaza did not have the chance to be practicalhed as
required for the last three years because of the siege of Gaza Strip andhduka¢t of
training opportunities. The internship course was implemented intemaxlinary form.

The sample covered all engineering disciplines in the Palestinian universities. The
supervisors who administer the implementation of the internshigeadun the schools of
engineering were interviewed in order to examine their position regatte current
practice and their evaluation of the obstacles limiting the reaping of the plobemtédits

of the internship course.

STATUS OF PRACTICAL TRAINING IN THE PALESTINIAN UNIVERSITIES

The Engineering study programs in the Palestinian universities are essewtiallyerse.

They generally tend to prepare their students for local engineeringcudgin practice
which magnanimously speaking leaves a lot to be desired. Altitbegirograms are not
identical, they emanate from the same guiding principles. Research versatilities are
absent due to obvious reasons that include but are not limited to ladsmirces,
financial and otherwise. Attracting seasoned faculty members is a futileisexender

the prevailing faculty benefit packages. Most serving faculty menasera product of a
self-sustaining faculty creation program which is self-limiting wiies objective is to
create a remarkable academic climate conducive to being at the cutting edge dod able
match other regional academic institutions of excellence.

BirZeit University has five undergraduate programs which essentially eeja@ credit
hours for graduation. The six-week internship, although obligathogs not carry any
credit hours. At Al-Quds University this graduation requiremsmigarly the same save
for the duration which is quoted in work hours rather than in sie#k An-Najah
University which has the largest engineering student population Witln@iergraduate
engineering programs, students are required to complete 165 creditfblograduation.
The internship requirement carries three credit hours and spans an eigltenied in a
recognized engineering firm.

In the Islamic University of Gaza the total credit requirement for tis¢ éingineering
degree stands at about 170. Internship is obligatory but carriegdio fwours save for
the Architectural study program where the credit number for thensttgr is two. The
rest of the Palestinian Universities follow an almost identical course inirtgfthe

internship requirement. Table 1 provides a summary of the internshijperagnt in the
various Palestinian universities.
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Table 1: The Internship Course Requirements in the Palestinian Universities.

Total Credi
University Department credit  Internship course t Period
hours hours
An -Najah National  Civil Eng 166 61391 3 8 wks
University Architectural Eng 170 62400 3 8 wks
Electrical Eng 165 63460 3 8 wks
Chemical Eng 164 64390 3 8 wks
Industrial Eng 163 65590 3 8 wks
Computer Eng 173 66304 3 8 wks
Mechanical Eng 160 67400 3 8 wks
Building Eng 166 68400 3 8 wks
Mechatronics Eng 163 67484 3 8 wks
Communication Eng 165 69404 3 8 wks
BirZeit University Mechatronics Eng 160 ENMC 401 0 6 wks
Electrical Eng 160 ENEE 401 0 6 wks
Civil Eng 160 ENCE 401 0 6 wks
Architectural Eng 164 ENAR 401 0 6 wks
Mechanical Eng 160 ENME 401 0 6 wks
mfvg;?yf;‘;ri:fa” Telecom Eng 163 11071431 6 3 months
Islamic University Civil Eng 172 ECIV 4000 0 8 wks
Gaza Architectural Eng 174 EARC 4216 2
Electrical Eng 170 EELE 4000 0 60 hrs
Computer Eng 170 ECOM 5000 0 60 hrs
Industrial Eng 172 EIND 4000 0 60 hrs
Palestine Polytechnic . ME391+ME491 180+180
University / H)gbron Mechanical Eng 163 3913391+ME491 0 hrs
Polytechnic Civil & Buildin 180+180
Unii//tersity Architectural Egng 163 CE 391+CE 491 0 hrs
Electrical Computer 163 EE391+EE491 0 ﬁ?50+180
Palestine Technical  Electrical Eng 170 No Course 0 400 hrs
University Industrial Eng Automation 163 No Course 0 8 wks
(Khadoorie) Computer Eng 164 No Course 0 8 wks
Mechatronics Eng 163 No Course 8 wks
Communication Eng & 164 No Course 0 8 wks
Technology
AL-Quds University  Electronic Eng 162 No Course 0 120 hrs
Computer Eng 166 No Course 0 120 hrs
Materials Eng 163 No Course 0 120 hrs

Analysis of Results

The student responses are presented in bar charts shown in thelfedavesThe graphs
represent the degree of student satisfaction in regard to the trainingeagpethey had
while striving to satisfy an important university graduation requirement.
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Before in depth scrutiny of the results portrayed in the bar chastsvibrth keeping in
perspective the fact that students by and large have no established daturmpacedbeir
training exercise with. The choices made in the questionnaire were perhapscahpar
excellence and based on little or no solid rational. Figure 1 indicates that tiaynaed
large expressed satisfaction. In Figure 2 the degree of satisfactiame ivatious
disciplines is presented. While most disciplines hover around the 5.5 thark,
development of interpersonal skills stood out on the positive side whiléindraf
engineering details stood out on the negative side. This is quitestamtable; students
are having their initial exposure to the business world with whatevereelegf
excitement this entails while on the other hand they do not get muchuegpo hands-
on production experience. At An-Najah University students, Figure 4t pegatively to
technical writing. This is perhaps linked to the prevalent moderate English l@nguag
skills. Furthermore, this may point towards the general abilitieseofr#tining venues in
the general vicinity of the Palestinian Territories. This conclusion gets yet further
reinforced when compared to the similar results of BirZeit University Ralestine
Technical University (Khadoury). At the Palestine Polytechnic University inrdteb
students were clearly dissatisfied with the computer skills they &¢p&racquire during
their training exercise, Figure 6. Regarding the types of firms that providiing
opportunities, Figure 9 shows that such opportunities were unifatisifsibuted among
all potential training providers; nongovernment organizations having & slitge. On
the other hand Figure 8 shows that a small fraction of engineeringnsdldvested time
in a factory setting. This is expected as the Palestinian Territories areavat kor their
industrial capabilities. This area is best described as a market for the Fegiahvious
reasons the Israeli products overwhelm the Palestinian market.

70
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40 B An-Najah
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30 ,
H Polytechnique
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Figure 1: General Evaluation of Students in Palestinian Universities for Internship
Course.
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Figure 2: Degree of Satisfaction of Students on various indicators at Palestinian
universities.
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Figure 3: Degree of satisfaction of students on various indicators at BirZeit
University.



TRAINING AND PROJECT-BASED ENGINEERING EDUCATION 235

R, N W B~ U0 O N

Figure 4: Degree of satisfaction of students on various indicators at An-Najah
University.
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Figure 5: Degree of satisfaction of students on various indicators at Palestine
Technical University (Khadoury).
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Figure 6: Degree of satisfaction of students on various indicators at Palestine
Polytechnic University (Hebron).
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Figure 7: Percentage of Students Trained Outside Palestine in Comparison with
Students Trained Inside Palestine.
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Figure 9: Percentage of Distribution of Internship in Different Types of Business.

CONCLUSION

The Palestinian Territories are on the path of becoming an independent statel@nd u
such conditions technical expertise that matches international standards is thod threler
day. The extremely rapid development of technology is an added dimehat must be
kept in perspective. Local technical training is no more than a rehasin afready
expired technology. It fails to bring into the country a seriously neadédd knowledge.
The local market is just a reflection of the prevailing technical experience n8eyty
shadow of doubt, local training does not contribute effectively towardsnimiglehe
horizon of the young university graduates and, as such, it doé®lipoexpand the local
industry sector capabilities. In this direction the local industry needmport and
indigenize state-of-the-art technical knowledge. Student training is one effective
mechanism in the dynamics of technical experience exchange. In twurds one
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should not fail to clearly note that future leadership is what is at stakeresults of the
guestionnaire by and large show a seemingly satisfying outcomesvdoit is not to be
taken for granted as none of the students marked his or her choicdirrgdo any
established criteria. The measured student satisfaction in this case is raocerafern
than a comforting outcome.

International training possibilities through IAESTE are up for graiee onus for
directing senior students towards such potential training venues restslgauymon the
local administrative body of the Palestinian universities at all levels with particular
emphasis on the local engineering schools’ administration. Perhaps an ad hoc financial

aid program for student support may be solicited. It is of paranioyoortance to accept
the fact that study programs remain self-limiting unless they hhiagtudent populace
towards exposure to the real world of technology. To perpetually retgxd book type
problems and solutions is self-defeating; it is a recipe for losingsee s direction.
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DEVELOPMENT OF A CONTROL AND EVALUATION
STRATEGY FOR THE COOP TRAINING PROGRAM AT THE
COLLEGE OF ENGINEERING IN QASSIM UNIVERSITY

A.F. Almarshoud’, E.S. Gadelmawld, A.E. Abdelraheim? and K.K. Esmaeif
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ABSTRACT: The course GE405 Cooperative Training Program festompleted one semester prior
to the graduation from any program offered by tlidlége Of Engineering at Qassim University. Many
challenges face the application, control and evalnaf the program. The importance of this reskearc
stems from the real need to meet the differentlehgés by establishing control and evaluation egyat

for the entire program with suitable and applicatechanisms. A proposed strategy was established
taking into consideration the ABET engineering edion outcomes. These outcomes reflect the
knowledge, skills, abilities and behavior that dtlobe achieved by each engineering graduate. The
proposed strategy was built in the continual improvement approach “Plan-Do-CheckAct”. The proposed
strategy was implemented on one batch of cooperatfudents. Results and feedbacks out of this
implementation were monitored and verified agaihstplanned coop-program objectives and outcomes.
Satisfactory results were obtained.

KEYWORDS: Qassim University; COOP Training; Engineering Ediara

INTRODUCTION

ABET's outcomes-based assessment and evaluation requirements fieegngi school
accreditation has been a catalyst for curricular reform for engineerograms all
around the world [1-4].

Cooperative Education is designed to give the student work experigatedrto their
major field of study while earning college credit. Students are expected to ld&n sk
related to their degree or major field of study in a work setting. Platsraes normally
off-campus with business, industry or governmental agenciesghlhaan occasion,
placements may be on campus. Co-op work experience can be arpaah-paid
opportunity [5,6].

Assessment of program outcomes is an important, but time-consypamg@f the ABET
accreditation process for faculty [7]. The difference between exsing and
assessment of program outcomes is always a matter of discussioproblem with
using grades as assessment tools is that grades often cover material ¢ésantepnore
than one programmatic outcome [8-13]. In addition, there ma ligeat deal of
variability in assignment of grades, depending on which faculty membes the
grading.

In QU, the Cooperative Training Program is a joint effort between thikede of
Engineering (QEC) in Qassim University (QU) and both the puftid the private
sectors in the area of specialization to allow students to practice the skike@nldge
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they have learned. A similar program was launched by KFUPM wheesnhrdded-
assessment program to insure continuous improvement toward the desiraohd
outcomes was initiated [14].

In 2006, new curriculums, in agreement with the ABET criteria, lwaen adopted by
QEC in which, the cooperative training was introduced as a basic course (GE 405
credit hours). The COOP program must be completed before the last senmestdeg
the student's graduation. A minimum of 100 credit hours must bepleted prior to
student admission for the COOP program. Moreover, a student hastisy the
department special requirements, if any and he is not permitted tterdgisany other
courses during the COOP program. The first batch of COOP-studave finished their
COOP-program while the second batch started their program spring @010/2

Objectives of the COOP Training Program
The objectives of the COOP training have been stated in the course syllabiwas:follo

1. Allow students to relate the classroom learning outcomes to the actual engjineerin
field experiences in either governmental or private sectors.

2. To build up the student's disciplinary, ability and personality to communicate
effectively through teams with the most updated various industries and
technologies.

3. Introducing students for first time to their expecting careers.

4. Build up the relation between the college and the various industrial fieldslias w
as knowing the needs and expectations of these fields for the gradudtsis

5. Enable the private and public organizations to identify the skills otramee,
and polarizing him for jobs.

Learning outcomes of the COOP Training Program

The COOP training is one of the most useful areas for students tvexthéeprogram
outcomes for the different disciplinarians in the college. It is expected that these
outcomes are to be achieved with different levels as shown in Table 1.

Problem Definition and Objectives

1. Many challenges face the planning, application, control and evaluation of the
coop-program. The most important challenges arise from the duratisaveh
months of the program without on-site college supervision (administratio
restriction) while the program weights of 9 credits out of the requid&dctedits
for graduation. The problem stems from the real need to meet tegedif
challenges by planning for and establishing control and evaluation stratetiye f
entire program with suitable and applicable mechanisms.

2. In this work a strategy was established taking into consideration the eviou
stated restriction besides the ABET engineering education outcomes. The ABET
outcomes reflect the knowledge, skills, abilities and behavior that should be
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achieved by each engineering graduate. The strategy was built in theuabntin

improvement approach ‘“Plan-Do-CheckAct”. This includes planning a procedure
for carrying out the coop-program, assigning responsibilities, edtaigis
implementation criteria, addressing checklists and getting feedbackswaxitisr

assessments and evaluations processes are to be carried out and noeseque

improvement actions are to be applied.

3. The rest of this paper includes an explanation of the coop programingaand
structure. The roles and responsibilities of the different constituentsriafly b
explained. The evaluation strategy and the improvement of the coop praggam
discussed as well. Evaluation of the first batch of coop at QEC is gisenMost
of the forms and checklist are designed to measure the level of atigietvof the

ABET outcomes by the trainee at the COOP training period. This method will

utilize the Rubric system depending on Bloom Taxonomy [10].

Table 1: Expected level of achievement of the program ougsam

Program Outcomes (ABET 2007) Achievement Level
(& An ability to apply knowledge of mathematics, science, and N/A
engineering

(b) An ability to design and conduct experiments, as well as to N/A
analyze and interpret data

(c) An ability to design a system, component, or process to meet N/A
desired needs within realistic constraints

(d)  An ability to function on teams MUST
(e) An ability to identify, formulate, and solve engineering problem MAY

() Anunderstanding of professional and ethical responsibility MUST
(@) An ability to communicate effectively MUST

(h) The broad education necessary to understand the impact of  MUST
engineering solutions in a global, economic, environmental, ar
societal context

(i)  Recognition of the need for, and an ability to engagefe/ding MAY
learning

() A knowledge of contemporary issues MUST

(k)  An ability to use the techniques, skills, and modern engineerin MUST
tools necessary for engineering practice.
N/A not applicable  MAY: may be achieved basedhentraining nature  MUST: must be achieved

COOP PROGRAM PLANNING AND STRUCTURE

The coop-program is planned to elapse seven months (28 weeksjtradtere of the
COOP Training Program is given in Figure 1, while the planning @fnthjor and the
regular activities is given in Table 2. Moreover, the student taskagdtime COOP
training are shown in Figure 2. It is noticeable that these figures andaiablself-
explanatory. Thirteen different forms were established for the control ahdaten of
the COOP process.
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ROLES AND RESPONSIBILITIES

There are three constituents in the COOP training program; college/departneent,
organization offering the COOP training and the coop-student. Eachsef ¢bhastituents
has an effective role to get the most outcomes from the COOP mrogjas section
focuses on stating the role of each constituent. In addition, the interaetiveen all of
constituents is addressed.

College/Department Responsibilities

Within the college, the role of the following parties will be of pivotal dmance to the
professional development of the student and to the successfuletommf the COOP
program:

a) Academic Departments,

b) COOP Coordinator,

c) COOP Steering and Improvement Committee,

d) COOP Academic Advisor, and

e) COOP Examination Committee.

Table 2: Planning of the COOP program

Time Major Activity Regular Activity
Before Beginning Orientation meeting Student weekly repor
- Field advisor monthly
Week 1 Training start report
Week 3 Last week to submit Portfolio’s
the training schedule Preparation
At the 12" and the 20 weeks First and second meetings with the

academic advisor

The Two weeks after returning  Meeting the academic advisor

back to the college Prepare the report, the portfolio and the presentation
Get ready for the celebration day (will be announced by tt
program coordinator)

The details of their responsibilities are statesewlhere [15]. Moreover, the college
has general responsibilities towards:

1. Making orientation seminars for coop-students and giving irdtion packages
contain copies of the progress reports to be submitted along with theifisp
dates and meetings' schedule.

2. Nominate and communicate the public and private organizations offering COOP
training.

3. Collect, statistically analyze and summarize results of COOP-student surveys
and the COOP-Instructor Evaluation Reports.

4. Guide and follow up the COOP students through the entire traininggonog
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Figure 1: Flowchart for COOP program event sequences.
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Figure 2: Periodical student tasks and activities during@@OP training

Responsibilities of the Training Organization

The training organization is the place where the student will spend his COORgtraini
period. It is expected that the training organization will supply théestts by adequate
It is expected also that the organizatgignaa

practical information and training.

COORP Field Advisor for each student or group of students. The COOPAgleisor is

asked by the college to keep track of the students and submit iralieléatronic-report
for each student every month. The report may be accessed electrotticallgh the
college website. For more details one may review [15].
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Student Roles and Responsibilities

The students' responsibilities are detailed elsewhere [15] and broadly may loeizadeg
into three main groups:

Before leaving for COOP

This include that a student should familiarize himself with the regulatindsplanning
of the COOP program, attending the orientation seminar and havineatequired
materials For more details one may review [15].

During the COOP

(1) This include that a student should try to learn as much about the traitivnitiesc
he is involved in.

(2) Student should establish a COOP Training Portfolio in which all documents,
photos, catalogues, data and reports related to the COOP will be maintained. This

Portfolio will be evaluated by the COOP Exam Committee.

(3) By the end of each training week, student should prepareveekly reports The
first is fixed electronic-format report which must be submitted weeddyg
includes brief addressing for the training activities through the week. elond
report, however, is a free format report which details the training actiaitids
learning outcomes through the week. This report is to be kepteinraiming
portfolio.

(4) Student should meet his COOP academic advisor personally two tirnegtttthe
training program. Within these meetings; student is expected @ tigrportfolio,
review his progress, and other related topics with his advisor. Exdeding(s)
may be arranged for specific concerns.

(5) A student should keep records of his daily activities, such as fispgulds
performed, field trips made, meetings attended, seminars attendedangnd
relevant data for his COOP-progress, portfolio and final reports.

Upon Return to the Qassim College of Engineering

In this stage, a student shall prepare his final coop-report, finaliz®disportfolio and
prepare himself for a presentation during the final exam day. The dksah of the

COOP training program is called The Celebration. On the celebration day all the

professors, advisors, trainee students and representatives fromairireg organizations
(if possible) are invited. Three examiners (including the academic adeis® to be
assigned to each student. Forms COOP-04 up to COOP-10 will be finalizéte by
academic advisor and the examiners on this day.

It may be necessary at this point to state that in case of major probldénnsathdace
either the student or the field advisor; a quick report must be submitteediately to
the academic advisor. The later; upon his turn; must study thiepraind try to solve it.
If not he has to report the problem to the COOP coordinator. COOPri8Bisothe
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associated electronic form to report major problems. This form will be aleattaough
the college website and will be accessible to both the student and the field advisor.

EVALUATION STRATEGY

The evaluation strategy is based on evaluating three different categoriescaksgiry
is divided into some dimensions. The categories, the dimensiontheinghare in the
total mark evaluation are given in Figure 3. Each evolution or niatiktdition is based
on a specific checklist. Moving between the different forms may be guigethe
flowchart given in Figure 4.

COOP PROGRAM IMPROVEMENT

Upon completing the program for a specific student; feedback informatéorequired.
This information may be obtained by completing the COOP-11 and COGex1h2.
COOP-11 is a Student COOP training Survey. COOP-12, however, is theatiaddr
COORP training Survey. These surveys allow the COOP Steering anwvinment
Committee to make changes for improving the program. Electronic cofptlesse forms
will be available by the end of the program through the college websipy. @€ OOP-
11 must be included in the student portfolio.

a) Responsibilities of the departmental CQDRIning SubjectCommittee

e Collect the entire set of forms and documentations from the academic
advisors.

e Direct forms COOP-11 to the analysis committee and receives the output of
their analysis.

e Meets two weeks after the celebration to review and analyze the COOP-
process completed in the previous semester.

e Suggest any required changes and/or improvements to the steering
committee.

b) Responsibilities of the departmental COQDRining Subject Committee .The
COOP steering and Improvement Committee has to meet four weeks after th
celebration day. The objective of this meeting is to review the stigaeby the
COOP-subject committees. Upon this review, the committee may issue
necessary recommendations for changes and improvements ant$ tbpt to
the dean.
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Figure 4: Managing different examiner evaluation forms.
EVALUATION OF THE FIRST BATCH OF COOP AT QEC
After completing a full cycle of COOP training program by the first battlQEC

students, assessment and evaluation process was carried oydrothiss led to several
comments, among them are the followings:
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e By the end of the first COOP program implementation, most ofattdties and
coop-students appreciated the planning and implemented strategy fasl contr
and evaluate the COOP program, despite of their initial resistance to the system.

e The present control and evaluation strategies were reviewed by the NCAAA and
ABET teams during their visits to the engineering college in Fall 2B0&éh
teams highly appreciated this system.

¢ Involving several parties in evaluating the student efforts and achietezhoes
during the coop reflects realistic measure.

e Based on general comment stemmed from faculties and coop-students, th
length of the COOP training period (seven months) still a big issve f
discussion.

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK

In the present work strategies for control and evaluation of a COOPgginbgram
were proposed. The proposal was based on seven months petivd]egq to 9 credit
hours and according to specific constraints. The proposed systamimplemented
through on the first batch of QEC. The implementation demonstraites sgtisfaction
regarding the achievement of the COOP outcomes and evaluation of thetsstuden
However, some comments were raised which needs for more discussiores/aluating

the implementation on the subsequent batches.

It is recommended for the future to build up an excel model for automatienmaptation
for the applied forms and checklists.
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ABSTRACT: An active/cooperative, problem-based, introductorgdeling course was redesigned
using the project-based learning approach to alteshman level students to gain professional hamds-
engineering design experience through well plarawive/cooperative learning activities. The stugen
function on effective design teams to practice gdidconceptual design, project planning, and
manufacturing of the designed artifact. The courgeoduces engineering design practices through
guided design phases and provides the students amitbpportunity to practice team work, quality
principals, communication skills, life-long leargirrealistic constraints, and global awarenessioeat
domestic and global challenges. Each semestewapngect is introduced in the form of a real-life
project proposal prepared by an assumed customaddress one contemporary issue. The course is
designed as an active/cooperative learning couieansuitable class layout and a small workshop to
insure an effective learning environment. In additto several successive design reports and two in
class assignments, the students are required berttieof the semester to communicate, clearly and
concisely, the details of their design both oralhd in writing through a functional artifact/protpe, a
design notebook, an AO project poster, and a finall presentation. In addition to these direct sssent
tools several indirect measures are used to irtsiarggulation including class feedback forms, pesce
checks, entry and exit surveys and course evalugtiestionnaire. Students are asked to peer abmess
work of their classmates and to self-assess their work before submission. Quality principles are
enforced in each learning activity. Assignments based on customer expectations and are assessed
using a detailed checklist as: Exceeds expectatidasts expectations, Acceptable, Needs Improvement,
or represents No Credible Effort. Engineering pssfenalism is enforced and lapses are used tolpunis
any unprofessional behavior. Bonus points are ,usedhe other hand, to encourage top performance.
End of semester course evaluation is based orfysagisboth course learning outcomes and course-
supported program outcomes. The course was implechdor the first time in fall 2009. The students
were asked to design a small wind turbine suitdbtehome use in Jeddah city. Direct and indirect
assessment tools indicated high level of achievemnourse learning outcomes together with a high
level of student satisfaction

KEYWORDS: Project-Based Learning; Engineering Design; Outc@ased Courses;
Active/Cooperative Learning.

INTRODUCTI ON

The Faculty of Engineering at King Abdul-Aziz University carried otattsg from the
year 2004, fundamental curriculum modifications in order to meet thireatents of the
ABET accreditation criteria EC2000. One aspect of these modifications viabote
the example of several institutions in introducing engineering designrablkm solving
skills at the freshmen level. Based on the experience of Arizona State Unjvievsity
introductory freshmen engineering design courses, Introduction toé&argig Design |
& Il (IE 201 & IE 202) [1-3], were introduced at that timeBoth courses used the
Active/cooperative learning approach. The motion continued later-on to tnanséeeral
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freshmen and sophomore courses, including engineering ecdddnfiuid mechanics
[5], construction management, and mass transfer, into active/coopdeatmeng. Al-
Bahi [6] also developed a generalized checklist for the design phase of ethesed
active/cooperative learning courses as part of the work carried out in tilerprbased
fluid mechanics course.

Following the ABET visit in 2008, which was successfully concludedthsy full
accreditation of all of the 12 Engineering Programs of KAU Faculgrafineering, the
authors started revising the active/cooperative IE 202 course. Pragstd-learning was
identified as an effective learning approach. The aim was to develoP2E&m just a
modeling course into a project based active and cooperative learning introciedimy
course. The course was redesigned to allow freshman level students poojessional
hands-on engineering design experience through well planned active/ coeperativ
learning activities. The developed course introduces engineering deadicgs through
guided design phases and provides the students with an optyotturpractice team
work, quality principals, communication skills, life-long learning, realisboistraints,
and global awareness of current domestic and global challenges.

The course was implemented for the first time in fall 2009. Theestadvere asked to
design and manufacture a small wooden-bladed wind turbine suitablenfer tge in

Jeddah city. In spring 2010, the students were asked to designaandaoture a low
speed permanent magnet alternator to be coupled with the designedrivine. tu

In the present work the project-based learning approach in enginestimmgtion is
reviewed and the developed project-based active/cooperative introductory destm co
is described.

PROJECT-BASED LEARNING IN ENGINEERING EDUCATION

The term “project” is universally used in engineering practice as a “unit of work™, usually
defined on the basis of the client [7]. Almost every task undertakeprofessional
practice by an engineer will be in relation to a project. Projects will havéngatiyne
scales. A project such as the construction of a large dam or power statiptake
several years, whilst other engineers may be involved on numeralk sojects for
various clients at any given time. Projects will have varying complexityall will relate
in some way to the fundamental theories and techniques of an engineer’s discipline
specialization. Small projects may only involve one area of enginespiegjalization,
but larger projects will be multidisciplinary, not only involving eregers from different
specializations, but other professional and non-professional personnel ang. tea
Successful completion of projects in practice requires the integration of &l @irea
ergineer’s undergraduate training [7].

Project based learning is a teaching and learning model (curriculum devetognaen
instructional approach) that emphasizes student- centered instructionsigyires
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projects. It allows students to work more autonomously to agsidtineir own learning,
and culminates in realistic, student-generated products [8].

Project-Based Learning, as well as Problem-Based Learning, has ats o
constructionism learning theory [8]. Constructionism posits thdivithuals learn best
when they are constructing an artifact that can be shared with o8jeBejwey [10],
Piaget [11], Brunner [12], and others have contributed to the &biamdof these methods
as an outgrowth of cognitive and later constructivist, theory of leartiig [

Thomas [14] in his review of research on project-based learning eosngidht all of the
research on Project-Based Learning has taken place in the past 20 gemussanof it in
just the last few years [14]. This goes in line with his definitiénPooject-Based
Learning:

“Project-ba®d learning (PBL) is a model that organizes learning around projects. .....

Projects are complex tasks, based on challenging questions or protiiatmvolve
students in design, problem-solving, decision making, or figas/e activities; give
students the opportunity to work relatively autonomously over extepeiedds of time;
and culminate in realistic products or presentations” [14].

This research on project-based learning is highly attributed to recemimsefin
Engineering Education. The significant changes that accompanied pearapce of
ABET 2000 document in 1998 [15] reflected the observation by atadend industry
that engineering education needed to change to better prepare enginestiragesr for
the current work environment [16, 17].

Modern engineering profession deals constantly with uncertainty,imitdmplete data
and competing (often conflicting) demands from clients, governmentgronmental
groups and the general public. It requires skills in human relationglags technical
competence. Whilst trying to incorporate more “human” skills into their knowledge base
and professional practice, today’s engineers must also cope with continual technological
and organizational change in the workplace.

In addition they must cope with the commercial realities of industrialtipeatn the
modern world, as well as the legal consequences of every professionabrdéloey
make [7].

Despite these challenges, Mills and Treagust noticed that the predominant model of
engineering educati remains similar to that practiced in the 1950’s - “chalk and talk”,

with large classes and single-discipline, lecture-based delivery the narticularly in

the early years of study [7]. They consider that developmianttudent-centered
learning such as problem-based and project-based learning havéaad fatatively little
impact on mainstream engineering education.

On the other hand, Mills and Treagust were able to find several exaofptesject-
based learning being used in individual or a few courses in engigegmdgrams that
have been reported in the literature [7]. They noticed that somes# #xamples use the
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term projectbased, others use the term “problem-based learning”, but are actually
project-based learning. Still others use the terms interchangedtilyh woints to the
grey area that exists in engineering between these terms. The cepsdsd cover a
range of discipline areas and program levels and include:

e Final semester undergraduate industry projects in all disciplines at the
Engineering College at Hogskolen i Telemark, Norway [18].

e Projects in the EPICS courses in first and second year at thea@oI8chool of
Mines, USA [19].

e Several US examples cited in Rosenbaum [20] including Rose-Hulmstitute
of Technology, Carnegie Mellon and Worcester Polytechnic Institute.

Heitmann differentiates between “project-oriented studies” and “project-organized
curriculun?’ [21]. According to Heitmann, project-oriented study involves ubke of
small projects within individual courses, progressing to a final yegegrcourse. The
projects will usually be combined with traditional teaching methods witiénsame
course. They focus on the application, and possibly the integrHtneviously acquired
knowledge. Projects may be carried out as individuals or in smallpg. Project-
organized curricula use projects as the structuring principle of the emtilgutium, with
subject-oriented courses eliminated or reduced to a minimum and relatedettain
project. Students work in small groups with a project team olictstrs who are advisers
and consultants. Projects are undertaken throughout the length oltse ead vary in
duration from a few weeks up to a whole year. Mills and Treag(shdfice that a
completely progctorganized curriculum does not yet exist, and the closest are programs
where projects and project-related courses make up 75% ofdfeapr, as at Aalborg
University in Denmark.

Perrenet et al [22] compare problem-based and project-based learning.otde\that
the similarities between the two strategies are that they are both based oresgtrdir
and collaboration, and that they both have a multidisciplinary orientation. Thesdfésr
that they noted included:

a. Project tasks are closer to professional reality and therefore take a pemnigel
of time than problem-based learning problems (which may exteedamly a
single session, a week or a few weeks).

b. Project work is more directed to the application of knowledge, whereas
problem-based learning is more directed to the acquisition of knowledge.

c. Management of time and resources by the students as well as task and role
differentiation is very important in project-based learning.

One result of the changes introduced by the new outcome-based ABEID Eriteria is
that design, communication skills, managerial skills, working in multidiseify teams,
and life-long learning have been given increasingly important tesdtin undergraduate
engineering curriculum. Project-based courses have been gaininmgasmoeeas a means
to introduce design, managerial skills, and teamwork experiences mtouthiculum
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prior to the senior capstone design course [23-25]. In many casasucication skills
are integrated into the engineering content of these project-based coursedn[26]D1
the University of Sherbrook, Québec, Canada, used a combinatianjeétFBased and
ProblemBased learning to develop the students’ life-long learning skills in a freshman
engineering course where the students are required to develop feend o their
learning strategies [27].

A review of project based learning courses in engineering edug¢atimates that these
courses are not limited to introductory design courses. One can Badilgeveral

examples of project-based courses in statics [28], structures [29], vediteering [30,

31], architecture [8], computer sciences [32], energy conservation EB#rgy

conversion [34], and industrial engineering [35].

In the late 1990, MIT's Department of Aeronautics and Astronautics etgaga
rigorous process to determine the knowledge, skills and attitudes thatatgngdu
engineers should possess. This resulted in a framework knowDH3, short for
Conceive, Design, Implement, and Operate [36]. CDIO initiative aimedtraduting
Curriculum reform to ensure that students have opportunities to demeldmowledge,
skills and attitudes to conceive and design complex systems and prodijctd 8
Approach uses both Project-Based and Problem-Based learning aikgra flexible,
open architecture, along with enabling tools and resources that can be apgied to
engineering discipline at any school. CDIO approach is based on twoefeanents,
namely: the CDIO Syllabus and CDIO Standards. The CDIO Syllabas &rganized
list of the areas of knowledge, skills and attributes that an engineeadgage could
reasonably be expected to possess. The CDIO Standards focus primatie delivery
of an engineering program, rather than its content and includeair? elements [38]. In
the context of the present work, 3 of these 12 elements are of particular interelgt nam
Introduction to Engineering, Design-Build Experiences, and Active learning.

Very recently “The First Bell” news briefings published by the American Society of
Engineering Education (ASEE) briefed a report by R. CallahanA#iseciated Press
Writer [39]. The report indicated that "Youngsters taught science in clagsme the
goal was to design and build a device to perform a specific task scoréficaigly
higher on a final test than students who got traditional classroom instrlaxttording to

a study from Purdue University. The findings suggest thatidian, problem-solving
learning may have advantages over traditional lecture- and textbook+aseods of
teaching students about engineering and technology. The studgdocn students who
learned about the principles of water purification and water quality in sciencesclass
Those who learned mostly through hands-on instruction, wgriindesign and build a
water-purification device to make water taken from the Wabash River suitable for
drinking, had an average score on the following test that was 20 pajher than those
that learned through traditional instruction.” Samantha A. Murray, the American Society
for Engineering Education's K-12 coordinator, called the findings 'Viraetl relevant,”
adding, "It hopefully will spur additional research efforts focusetheruse of hands-on
projects to successfully engage students in engineering concepts dy aged
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INITIAL STRUCTURE OF THE MODELING IE 202 COURSE

The course is compulsory for all engineering majors and enrolls than 250 students
per semester. This two credit hours course consists of two actipefative weekly
class meetings, or modeling sessions, of 110 minutes each. The clasdisiited to 21
students divided into 3-member teams that are heterogeneous in lalggitybased on
GPA and prerequisite score). The instructor, known as class facilitator, shietisads
of the teams from the top students and gives them the responsibfiitsntdheir teams
out of the remaining students. This will guarantee that team meroharintegrate and
meet easily while ensuring heterogeneity in ability level.

Modeling sessions take place in multimedia classes with a desktop computecifor ea
student. A constructivist approach, suggested and supported by tee textbook [40],

is used where the students are given an open-ended problem antbaskerdeveloping
models that could be useful in solving the problem. The modelisgpsesoncentrates on
encouraging the students to think about how they created their maddlsyhy they
created them. The final work product (model) is not as importartheagprocess the
students used to develop that work product. Each modeling sessiom reggerda
consisting of the following tasks:

1. Today’s learning outcomes (5 minutes at the beginning of the session) in which
the facilitator sets, before starting, the learning goals to be achieved by the
students.

2. Class activities (85 minutes of the session time divided into 2 peribdshg
this time, the students are expected to work in teams on the assighthy to
develop and test the computational model (usually using MS EXCEL), to
prepare and deliver oral presentations (using MS PowerPoint) and to participate
in the class discussions.

3. Break (10 minutes at the middle of the session) to help the $sutdebe ready
for their next assigned class activity.

4. In-Class Process Check (10 minutes at the end of the sessior) eeludr team
(and in some cases each student) has to comment on one aspect they foun
valuable and would keep for future sessions and suggest how tovenpne
aspect for future sessions. This is known /@stéchnique.

Over the semester, 6 to 7 open ended unstructured problems are traategrdblem
addresses one of the following:

Time driven models
Linear Programming
Simulation

Expert systems

Deterministic models
Stochastic models
Risk analysis

Critical Path Analysis

N wE
© o A~N
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Each problem is treated in an active manner over two successivensessithe third
session a new problem, in the same line of thoughts, is giveretstiidents as an
assignment and they are asked to work on it either individuallyteams. Although the
students are encouraged to finish a large part of the assignment in classetgayen a
week to complete the work, submit a complete written design reportrepdre an oral
professional presentation [41]. Table 1 represents the schedule o$itharants during
the spring 2009 semester where M_4_1, for example, indicates sessioweikaf4.

Table 1: Assignments schedule for IE 202 Modeling Course (spring)2009

Submission Returnedto Resubmission Due

Assignment Due Date the Student Date
Excel Modeling Assignment M_4 1 M_5 1 M_6_1
Assignment on Chapter 1 M_5_2 M_6_2 M_7_2
Course Portfoliold M_6_1 M_6_2
Assignment on Chapter 2 M 7 1 M 8 1 M9 1
In-Class Assignment #1 M 8 1
Assignment on Chapter 4 M 8 2 M9 2 M_10 2
Course Portfoliold M_10_1 M_10 2
Assignment on Chapter 9 M_11_2 M_12_2 M_13_2
Assignment on Chapter 7 M_13 1 M_14 1 No Resubmission
In-Class Assignment #2 M_13 1
Non Mandatory Defect Removal (In- M_13 2
Class)
Submission of Course Portfolio M 14 1
Project Poster and Presentation M 14 1
Celebration/Final Oral Presentation M_14 2

EVALUATION OF THE MODELING COURSE

The modeling course was taught and continuously improved ovesut2essive
semesters. Course evaluation was carried out and documentestgadter - as a part of
the systematic ABET documentation system - to address both course validiation
course verification [39]. Validation is required to test if the course degigls are met
and is carried out by measuring the students' level of confiderat&ining the learning
outcomes specified for the course. Verification, on the other hand, idaiseake sure
that the course functions as planned by measuring the students'tipescey the
efficacy of the pedagogical tools to facilitate attaining the course learniognes. The
opinion of the students, the end users of the course, indicated in course surveys, the +/A
feedback, and the course portfolio is discussed by the course totrirc weekly and
end of semester meetings. Investigation of these meeting minutes indicatethe
course is valid and functions as planned. In spite of the contironpuevement of the
course over successive semester, the students and the cairgetdrs - who are
normally between seven and nine instructors per semegiempoint continuously the
following drawbacks:
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1. The number of the equally weighed graded assignments is excess&e2for
credit course with 6 team assignments, each in the form of up-pade report,
five resubmissions, two individual in class assignments, one projetol
presentation, and one course portfolio.

2. The students find it difficult to complete the design project in tweks’ time,
with limited in-class activities.

3. The work load increases near the end of the semester with lot dfiestin the
last two weeks.

4. Each assignment deals with different chapter and different conceptseahd d
with different real world problems that sometimes deviate from #sigd
concept.

5. The course instructors make enormous effort in assessing andg puéin
assignments at each semester.

OUTLINES OF THE DEVELOPED PROJECT-BASED COURSE

Intended Learning Outcomes of the Course

IE-202 is a required introductory engineering active learning project lcasese, which
should be taken by all engineering students. The course descrggianwill appear in
the Faculty of Engineering bulletin (2010), is as follows:

“Engineering design process. Computer modeling and heuristics for problem
solving. Hands-on real life and teabased engineering design project:
customer requirements, conceptual design, prototyping, functional testing,
preparation of operational manual. Communicating design outcomes.”

The course has conserved its time structure by dividing the coursenct@md the
classroom activities into two Sessions per week. The student shéodss per week in
Session-1 and another 2 hours per week in Session-2.

The developed IE-202 course allows freshmen students to gaesgimfal handen
engineering design experience through a well-planned active learnirggcobe student
will practice conceptual design, procedures of mock-up tests, detailed désan,
planning, manufacturing, inspection and testing. This will give gtudents a solid
background of practical engineering design through a cornerstone ¢esjgat before
joining their selected engineering programs. Although IE 202seoisr considered as a
key course for ABET outcomes ¢ and d, it partially addresses anothesutmomes of
the study programs of KAU Faculty of Engineering:
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ABET outcome c: an ability to design a system, component, or gréceaeet
desired needs within realistic constraints such as economic, envirahmen
social, political, ethical, health and safety, manufacturability, and sustainability,
ABET outcome (d): an ability to function on multi-disciplinary teams,

ABET outcome (e): an ability to identify, formulate, and solve enginger
problems,

ABET outcome (g): an ability to communicate effectively,

ABET outcome (i): a recognition of the need for, and an abilignigage in life-
long learning, and

ABET outcome (k): an ability to use the techniques, skills, and modern
engineering tools necessary for engineering practice.

These six ABET outcomes are addressed through the intended courseyleatoomes
which are stated as follows:

By the completion of IE-202 course the students should be able to:

1.

ok w

10.

Define the problem, identify customer needs, and transform the imged
design requirements.

Access information from a variety of sources, and critically evaluate their
quality, validity and accuracy.

Plan an effective design strategy with manageable subtasks and timelines.
Develop and compare alternative solutions to select a baseline design
Consider realistic constraints such as economic, environmental, social,
manufacturability, and sustainability.

Integrate prior knowledge of science and mathematics with engineering
principles, heuristics and modeling techniques to formulate unstructured
engineering problems.

Effectively use modern engineering tools to carry on design and
performance calculations.

Evaluate the baseline design and argue suitable improvements and
changes.

Work in a student team to Build, test, and evaluate a working prototype o
the designed artifact.

Document the design procedure, communicate design details and express
thoughts clearly and concisely, both orally and in writing.

Demonstrate ability to achieve objectives using independent, well
organized, and regularly reported multidisciplinary team management
techniques.

The Structure of the Course

The new course structure allows minimum effort in achieving theseogoals. Also, it
allows the student to practice a real design project from the begininihg semester to
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its end. The teams receive the project statement, which includes the custed®from
the beginning of the semester. The project is divided into five assigsnor five
modules jointed together to form the whole project. In each assignhemstudents
update the previous one after gaining more knowledge about the project pasilgain
the current assignment with the previous in the same report and .s&oorhe
resubmission is just an update that increases the sense of continpomgeiment. After
five assignments the project will be ready. Figurel shows theecoatendar. Note that
the first five assignments formulate the whole project and the retfieodssignments
measure the communications skills through the design notebook, oral preseatatio
poster. The course structure allows for a different project evemgster/year using the
same materials and assessment instruments. The instructor's materiatucgerd's
materials are just containing the design concepts. The new course chedjisiidable
for all the assignments and has a serial number to indicate updatsigns. The course
checklist is shown in Figuresand3.

ke z
o <x|E|lz
= ]
Class Topic Week o ':E Due Evaﬁ:i‘;ﬂls;:rms E Surveys Hard Copies
Registration MO | 0|
FDM M1 |1 FDM
Introduction to Project M1 |2 Project
Introduction to Excel M2 [1 Introduction to Excel
Introduction to Excel M2 |2 Introduction to Excel
Assignment 1 M3 [ 1] Entry Survey
Chapter 1 - HTMI M3 |2 HTMI
Chapter 1 - HTMI M4 |1 HTMI
Assignment 2 M4 | 2| 1 Checklist 1 5[ §
Chapter 2- HTMI M5 |1 HTMI
Chapter 2- HTMI M5 |2 HTMI
Assignment 3 M6 | 1] 2 Checklist 2 10 | 10|
Chapter 4 -HTMI M6 |2 HTMI
Chapter 4- HTMI M7 |1 HTMI
Assignment 4 M7 |2 g Checklist 3 10| 10|
In Class Assignment 1 M8 | 1] In class i I] InClass Ass. Checklis{ 10 10
Introduction to Project- Phase 3 | M8 | 2| Project
Chapter 5 - HTMI M9 |1 4 Checklist 4 10 [ 10] HTMI
Chapter 5 - HTMI M9 |2 HTMI
Chapter 5 - HTMI M10 |1
Assignment 5 M10 4
Workshop - Session | M1] Exit Survey Workshop Guide
Workshop - Session Il M11 i 5 Checklist 5 10| 10| Outcome Survey|  Workshop Guide
Workshop - Session IlI M12| 1 Workshop Guide
In class Assignment II M12| 7 In class Assignment I]  InClass Ass. Checklis} 10 10
Poster & Prototype M13] 1] Prototype & Poster | Prototype & Poster EF'§ 15 [ 10| 5
Celebration M13| 2} Project Presentation Presentation EF 10| 5| 5 | Course Evaluatior
Defect Removal M14 Design Notebook Design Notebook E1 10 | 10|
zo0] 70[ 39

Figure 1: Calendar for the project-based course (Fall 2009).
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King Abdulaziz University
Faculty of Engineering
IE 202 — INTRODUCTION TO ENGINEERING DESIGN II ( FALL_2009 )

IE-202-FALL-2009-SEC( )-Team- ( )PRO- O

Work Self A 1 by A nent Symbol/Color ___ Date( [/ / )
Work Assessed & Evaluated by A nent Symbol/Color ___ Date( / / )

Self . Instructor Assessment
Checklist ltems —

A L
YES| NO 1 0 Mark
Report Requirements Max Mark
Is the the work assembled in the correct order (Checklist, Cover page,
Table of contents, Introduction, literature review, Main Body, 1
Conclusion, Appendices, and References)?
Is the work self d and the checklist completely filled?
Is the cover page informative and well formatted?
Is there a well formated table of contents?
Is there an INTRODUCTION at the beginning of the report?
Is there a_Conclusion after the main body?
Is the MAIN BODY of the report divided into sections with appropriate
titles and subtitles using appropriate font for each?
Does a references section appear as the last ltem of the main report?
Is there an attached, deemly filled, Process Check?
Is there an informative footer (Assignment#, pag# / no. of pages, and
team # and members)?
Does each table have a number and a title, and is it mentioned in the
text before it is placed?
Does each figure have a number and a caption, and is it mentioned
in the text before it is placed?
Graph Requirements
13 [Does the graph have a reasonable size and format?
14 |Is there an appropriate, descriptive title or caption?
15 Do both axes have descriptive titles (N.B. not a single letter) which
include units?
16 |Are there labeled divisions (text or numbers) on the axes?
17 |If there is more than one chart line, is there a legend?

I{ heet R iremen
Are the work title, students' names and team number mentioned in
the spreadsheet?
Are the data or "design constants or parameters" grouped in a single
area which is separated from the calculation area?
Have the numerical values of the "design constants or parameters”
been labeled in neighboring cells and have units?
21 | Are all calculation columns or rows labeled and have units? 1

Has cell formatting been used to improve the appearance and

22 .
presentation of the model?
Is the number of significant figures displayed appropriate for all the
numerical values?
24 |Is a soft copy of the Excell Sheet attached with the report? 1
o5 Are cell references used rather than numerical values for "design
constants or parameters" in the formulae?

Total of Page 1 out of 25

alafalal=

©lo| N |o|o|s|w|r

o
[P (Y Y N

alal 2 [af=a

20

23

Figure 2: Page 1 of the general checklist for the assessment of project reports.
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Self . . Instructor Assessment
A Modeling Requi
0 n Ex.|G. |Av.|Acc|Pr. [Nul| Resubmission
YES | NO (Work is assessed as Excelent, Good, Average, Marginal, Poor, or null) 51413210 |Maxmark —
26 Introduction: The introduction provides background, forecasts the 5
document and define the problem to orient the reader.
Problem Definition: The problem to be solved is clearly stated.
Customer needs are correctly identified and transformed into project
27 N . . . 5
requirements. Potential customers are identified and their needs are
taken into consideration.
Literature Review:All pertaining information are identified and collected
from a variety of credible sources. Information are reviewed and
28 |assessed with respect to their quality, validity and accuracy and 10
presented using a standard and ethically referenced literature review
format.
Problem Formulation: The problem to be solved is logically
formulated. Collected information are successfully integrated.
Applicable realistic constraints are discussed. Objectives and
29 . . X 5
constraints are design oriented, measurable and clearly presented.
Evaluation criteria are quantitative, specific, and address customer
needs.
Modelling and Design Calculations: Design parameters are correctly
identified as well as their ranges based on acceptable arguments such
as prior knowledge, data from existing similar products, theoretical
modeling, and operational experience. Assumptions are reasonable,
30 ) ) ) . . 15
logic, and clearly stated. Mathematical equations are clearly written with
their symbols explained. Appropriate engineering resources and
computer tools are efficiently used to carry on accurate design
calculations.
Results and Discussions: Qualitative and quantitative results are
presented. Reference is made to supporting charts, figures, tables, and
31 [drawings that stand on their own with clear legends. Performance of the 15
final design compares favorably to customer requirements, design
criteria, operational constraints ,and existing products if any.
Conculusiont the conclusion remind the reader of the project requirement]
3 the result obtained, and discuss why the results are conclusive and interd 5
Relevance of the findings to other published work and real organisneried]
world is described. Future work and further studies are mentioned.
References: References used credit work from other sources and appeag|
33 10
standard reference list in the same order as they are reffered to in the mqg
34 | Are the language and style of the report adequate? 5
Total of items 26 to 34 (How many Ex, G., Av, Acc., Pr. and Nul.)
Self
Assessment Team Work Requirements Instructor Assessment
YES | NO If the work is a team work assignment, is each of the following items O.K. Missing
included? (1 laps will be given for each missing item) No lapses | 1 Laps
41 |a. Well written Team Meetings’ Minutes AT
42 |b. Deemly filled Team Work Peer-to-Peer A it
43 |c. Soft copy of the Power Point Presentation and Excell Sheet
Total Lapses (sum of all poor or null in items 26 to 34 + lapses on items 41 & 43)
Final Grade
A 1t Results Grade |Resubm.| Lapses Grade After
1. Exceeds Expectations: Final Grade = 85 E R Resubmission
2. Meets Expectations: 85 > Final Grade = 70 M R E
3. Acceptable: 70 > Final Grade > 60 AC R M
4. Needs Improvement: 60 > Final Grade = 50; the work has to be resubmitted NI R AC
within one week. The maximum grade after resubmission is AC. NI
5. No Credible Effort: Final Grade < 50, 1 laps; the work has to be resubmitted NCE R NCE
wnhm one week. The maximum grade after resubmission is AC. NS
. Resubmission within one week is required for any Poor or Null in the checklist items from 26 to 34, no
matter what the final grade is. One lapse is given for each unsatisfactory item and R is circled beside the
grade. The grade remains as is after successful resubmission, otherwise it becomes one grade lower (e.g.
E becomes M, M becomes AC, and so on). Late resubmission results in one lapse. No more than 1 week
of lateness is allowed, otherwise an NS is given.

Figure 3: Page 2 of the general checklist for the assessment of project reports.
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Direct Assessment Tools

Course assignments are used as the primary direct assessment taolcgnitive
domain. The student’s work is evaluated as Exceeds Expectations (E), Meets
Expectations (M), Acceptable (AC), Needs Improvement (NI), or repreSen@redible
Effort (NCE). The checklist is mapped into the course learning o@sdhey are used to
assess and into the corresponding course supported program autcorhe work
evaluated as NI or NCE will be updated in the next project report. Thenmaxgrade
after resubmission is AC in the previous report version. On tifer dhland the major
checklist items that receive Null or Poor are to be corrected and rigsahmo matter
what the final grade is. The grade remains as is after successtumission; otherwise
it becomes one grade lower. This approach clearly enforces customereuaditg
principles and continuous improvement philosophy. Work is accepigdf it Meets or
Exceeds customer’s expectations. Unsatisfactory wok is considered to Need
Improvement (NI) and the students are given one week to immogdeesubmit. The
total mark is calculated using the following equation.

No.of Es* 100+ No.of M's* 84+ No.of AC's* 69
TotalNo.of Assignmerd
- No.of Lapses- No.of Bonuses

FinalGrade=

A smart checklist is developed to convert the grades of each assigsusantat they
map course learning outcomes in the main grading sheet. The checkiisnided to
help the instructor to grade the assignment and periodically monitor the exobietvof
the course learning outcomes.

Design Phases of the Project

The course starts with a project manual that includes the project stgteewuired
communications and step by step learning and instructional guide. The gtajeatent
describes the customer needs and the sponsor of the project. The required
communications are as follows:

1. Final comprehensive, well organized design notebook, which includes
parametric design, recommendations, rationale and plans for implementing
changes, prototype drawings, and the project Gantt chart and deploymént char

2. Comprehensive oral team presentation for a general audience.

3. A poster for exhibition.

4. Built, tested and analyzed project artifact or prototype.

The project is divided into three phases as shown in Figure 4. pdtametric design
phase will map some selected modeling chapters from the "How to model itT4&jok
After finishing this phase it is expected that the student teams had mdideladifact,
calculated all design variables and performed parametric studies. This phaserési co
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by five team assignments. The second phase is the drawing phaggch the teams
draw the artifact to scale as a starting point before implementationhifthglhase is the
prototype phase in which the teams implement their designs andfacame their
prototype following the flowchart of Figuie

Phase |
Parametric Design

Phase Il
Drawings

Phase Il
Prototype

Figure 4: Project phases.

Evaluation of the Course Design

In order to compare the developed project-based course to the mamtedinipe method
of “exposure matrix” proposed by Al-Bahi [41] and systematically used by the majority
of Engineering Programs in KAU is utilized. The method uses edaxel measures of
achievement of intended program outcomes to evaluate the achievemARE®f
outcomes on the program level. This approach is based on the faitrthke averaging
is not suitable since each course addresses one or more program oatcroertain
level of learning (which may be defined as learning height). Also tlteests in different
courses could be exposed lightly, moderately or extensively to the saogram
outcome (i.e. learning coverage or breadth). The approach is usbthito ® weighted
average of achievement of program outcomes by a combination of leaeigig and
learning breadth or coverage in different courses. A modified meaksBlteam's levels
of learning, in which 1 is assigned to knowledge and compreheristorapplication and
analysis and 3 to synthesis and evaluation, is used to quantify thandebheight while
contact hours allocated to each program outcome in the course are usadtify tfue
learning coverage or breadth. Students’ exposure to certain outcome in a course is then
measured by multiplying its intended attainable level of learning by the corttact h
allocated to that outcome.
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PHASE 1 & 2
Blade Sketch Tasks Schedule
Generator specification. (Gantt chart)

Manufacturing &
purchase of parts

Recommendation plans for v
implementing changes
Assembly Plan

A

Build Prototype

4

Design evaluation result

4

Cost analysis

A
Environment Statement
Social Statement

Figure 5: Flowchart of the prototype phase.

Evaluation of the project-based course indicates that (see Figure 6) trsumexpf the
key outcome 3c is almost 6 times as large as it was in the modeling doufse project
based course the exposure of outcome 3c contributes to 40 % of the tatal msicome
exposure, while it contributed to only 11% for the modeling course dihe @ddition of
more design attributes to the course. The structure of the assignnmehttheir
resubmission let the student more experienced in identifying, solvidgeealuating
engineering problems, and resulted in an increase in the egpolsoutcome 3e. The
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long life learning attributes (outcome 3i) also increased because of dedlingpen
ended design problem that requires intensive literature review in eachnaesign

90.0
80.0 +
70.0 4 m PBD .
@ O Modeling
£ 60.0 4
e
2 500
o
>
w
]
£
o
L
=]
o

3C 3D 3E 3G 3l 3K
ABET Outcome

Figure 6: Students' exposure to ABET outcomes in both courses.

On the other hand the total outcomes exposure in the course inchiearet36 hrs to
208 hrs, an increase of 53 % while maintaining the course credit,hasira result of
increasing the level of learning for certain key outcomes.

The overall contribution of the course to the design outcome (3c), in particalaased
from 2% to 5 % by developing the new project-based design course.

COURSE IMPLEMENTATION

The course was implemented starting from fall 2009. Two main fasilitiere
constructed before the start of the course offering. The first is awe aletirning
laboratory equipped with 12 round tables and 48 computers to accatamiveblve
teams of four students each. The second facility is the wagokeljoipped with the
essential tools needed for the artifact manufacturing. The course accatamaik
sections for 288 students. In the first week course materials weverddlito the students
including the first day materials, project assignments and students’ guide, surveys,
checklists and forms. The course calendar plays an imporiantoralert the students
when they should deliver assignments and surveys. The inssrmeé@t regularly once a
week to insure the sustainability of the course and to decide oor mamtinuous
improvement actions. The course instructors had to implement imgéthees the artifact
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in the workshop before the beginning of the workshop activitiasdare that the work is
feasible for the students within allocated time constraints.

At the end of the semester students had delivered the course design incetifaot and
poster. The project was to design a wind turbine for homenudeddah city. Figure 7
shows sample pictures of the students' products and activities.

COURSE ASSESSMENT AND EVALUATION

The student performance target is that, at least 70% of passing studehischieve at
least 65% score in each outcome. This criterion is applied to both direct andtindirec
assessment methods.

Entry survey is used as an indirect assessment tool that measures this stnfaence

level in their abilities to achieve course addressed ABET outcomes and is usually
distributed in the second week of the course. The same sunadisgibuted in the last
week of the course and is called exit survey. Differences betweendhsutweys are

used as measure of gain caused by the course.

Introduction to. Engineering Design Il

- Design 60 W wind _hu-‘bin‘e for public at Jeddah city
. ' Section #: 2 2009/2010

Figure 7a: An example of the project poster delivered by one team of students.
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Figure 7c: Sample wind turbine bladt

. d 2 ""_ E - manufactured by a team of student:
Figure 7b: Sample workshop activity of

graving wood to manufacture the blades

Figure 8 indicates the results of these 2 surveys for the fall 2009 dffefritihe project-
based course. It deserves attention to notice that the confidence level of thésstuden
indicated in the exit survey are in good agreement with the resultheofditect
assessment tools as depicted in Figure 9. This indicates that the pagiedtelifering not

only increased the level of achievement of ABET outcomes; it alsmeased the
confidence of the students in their abilities.

3c

B Exit Survey
O Entry Survey|

39

Figure 8: Students' confidence level in their abilities.



TRAINING AND PROJECT-BASED ENGINEERING EDUCATION 268

3c === Students' Expectations

= Graded Work

------ Instructors' Expectations

39

Figure 9: Results of direct and indirect assessment of ABET outcomes

SUMMARY AND CONCLUSIONS

An active/cooperative, problem-based, introductory modeling course was redesigned
using project-based learning to allow freshman level students t@g@dessional hands-

on engineering design experience through well-planned active/cooperativendearni
activities. The developed course introduces engineering design practicestgroded
design phases and provides the students with an opportunity to praetimework,
quality principals, communication skills, life-long learning, realistic conssaiand
global awareness of current domestic and global challenges. Copieenantation for

two successive semesters gave rise to the following conclusions:

a. Project-based learning is an efficient learning and teaching model suitable for
engineering education. It provides the students with an opportonfiyactice
team work, quality principals, communication skills, life-long learning, rialis
constraints, and global awareness of current domestic and global challenges.

b. Project-based courses increases the students exposure to engidesigrg
attributes and permit the attainment of higher levels of learning even for
freshman level students

c. In hands-on projedased learning the student’s achievement of intended course
learning outcomes is higher than that of the students enrolled in prblbkeed
cooperative learning classrooms.
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d. Project-based learning courses require commitment and sincere workHe
part of the course instructors, as well as leadership, motivation and support f
the college management, to insure sustainability.
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ASSESSMENT OF CAPSTONE GRADUATION PROJECT IN
RELATION TO ABET ACCREDITED PROGRAM OUTCOMES

Rami J. Oweid, Naser Hamdi and Fahmi Abu Al-Rub?
'Biomedical Engineering DepartmefGhemical Engineering Department, Jordan
University of Science & Technology, Irbid, Jordan

ABSTRACT: Earning the B.Sc. degree in Biomedical EngineeBYIE) at Jordan University of
Science and Technology (JUST) requires the suadessipletion of a minimum of 159 credit hours.
Four of these credit hours are devoted to the segraduation (capstone) projects required as a two-
semester course, namely, graduation project | anthke importance of the senior graduation projects
stems from the fact that they are conducted inshida that mimics, to the largest extent possit#e)
world industrial practice. Students, during grachratproject |, must identify and formulate problem
statements, perform a thorough review of literatorerder to gain expert knowledge in the area ehps
and formulate the conceptual design for the prapasdution. Subsequently, during graduation pitojec
I, students use modern engineering tools to asbesproposed designs and implement the design that
represents the best solution to that engineerinblem. This paper discusses how graduation projects
that are built based on the knowledge and skillguaed in earlier course work can be an excellent
means to provide students not only with profesdiahéls; such as communication, teamwork, and
understanding of professional and ethical respditgijlbut also with skills related to engineerimgthin

a global and societal context, lifelong learningd &nowledge of contemporary issues. Assessmels too
directed at evaluating the extent to which gradwmafprojects fulfill the BME department program
outcomes are also presented. The paper concludis theé assessment results, lessons learned,
observations and recommendations that should baloé to engineering educators.

KEYWORDS: ABET; Accreditation; Design; Capstone Projects; Ehmpladuate Engineering;
Engineering Education.

INTRODUCTION

The engineering profession requires design abilities that are of cruc@ttémpe in most
of the activities conducted by engineers. Because of this, educataliseingineering
fields of study tend to incorporate engineering design courses whthiourricula they
develop [1]. The teaching of such courses aims at fulfilling dempuidby professional
bodies responsible for accreditation of engineering programs. The accraditadial for
engineering and technology (ABET) as a leading and internationally tedpec
organization has set the higher-educational standards in its fiel@dg ¢cordingly, to
be ABET accredited, engineering programs must meet quality standaatd by
engineering profession. These standards in context with engineksgn dictate that
students must acquire during their course of study three tyfp&sowledge. These
include knowledge to generate ideas, knowledge to evaluate ideas, amiédge to
structure a design process. All of these three types of knowledge aha tmeguip the
students with skills related to the following issues [4, 5]: Developmenusaaf design
methodology, Formulation of design problem statements and speciigatio
Consideration of alternative solutions, Feasibility study, Detailed system descrip
Economic factors, Safety, Aesthetics, Ethics, and Social impact.
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The BME Department at JUST offers Bachelor of Science in Biomedical Engimpeer
degree. To earn this degree, the student must successfully con@letedit hours. The
design component available in the BME at JUST curriculum demonstratesetigtistof
the program and at the same time the commitment of JUST to produceatgsathat are
able to compete at both national and international levels. The design tasks lalesvto f
engineering standards and meet realistic engineering constraints. Tdesdards and
constraints are highlighted more clearly during the capstone projectscio febr credit
hours of BME program at JUST are devoted. During these projedenstuare required,
at a minimum, to provide sections on economic analysis includinmgadtcomponent,
system, or process, and the health/safety/and environmental imp#wtirodesigns,
including any relevant discussion on other implications. Senior graduatjects are
given to the student as a two-semester course. Namely, graduation pr@edt
graduation project Il. The utmost importance of senior graduat@jagts stems from the
fact that they are conducted in a fashion that mimics, to the largest passiible, the
real industrial practice. Students, during the graduation project |, mukirrpen
thorough review of literature in order to gain expert knowledge in the diia
knowledge allows students to identify and formulate problem stateméitst having
built such knowledge and a problem statement, students during thetpadoroject I
use modern engineering tools to design a system that represents a dolutiat
engineering problem. Projects during this two-semester actuityconducted in groups
of two to four students, with each group supervised byoomeore faculty members.

CAPSTONE PROJECTS: COURSE CATALOGUE, OBJECTIVES,
STRUCTURE, MECHANISM, AND EVALUATION

Capstone projects, described in the BME department course catalogue list, Hosvas fo
Senior Capstone Project |

Provides students the opportunity to individually explore a BMElprolor issue within

their field of study and apply their education to solving thédlgm for the benefit of the
local community and society as a whole. Students produce a shotttregiadocuments
the application of previous learning, experience and knowledge to the prablesand,

and evaluates the results.

Senior Capstone Projectl

Students perform the experimental and practical phases associated with $&\BME
problem addressed in Senior Capstone Project I. Students produce a fudlaleictport
that documents the research, design, results, analysis, and recommemfatienstudy,
followed by a final presentation and defense. The objectives of these capatosesco
are:
e Applying the methodology of design, addressing issues centrabtoetical
engineering, by utilizing the knowledge gained from past fundamentedeou

e Understanding of professional and ethical responsibility
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e Practicing skills related to engineering within a global and societal dontex
lifelong learning, and knowledge of contemporary issues.

e Applying time management fundamentals and cost effectiveness.

e Implementing effective communication both orally and in writing.

e Practicing effective team work management.

Consequently, typical projects in Biomedical Engineering involveview of stateof-
the-art designs for biomedical engineering practice, and combineeenigip analysis
and design with experimental and/or simulation work to provide negdermation
relevant to the specific constraints of equipment operation. During the capstjact |
each group of students are required to complete a literature review, ptréonecessary
engineering analysis, and provide an initial design for their prdfecapstone project Il,
they are expected to optimize their designs and perform the economic/dadetitiand
environmental impact, and other implications of their design. The mschaccording
to which the BME department at JUST suggests and assigns prgjecsals to students
is as shown below:

1. The department forms Graduation Project (GP) committees each semester.

2. Each faculty member, offering GP |, submits a proposal to thedsimittee

during the first week of the semester.

GP committee evaluates the submitted proposals and lists all approved projects.

Students communicate with each other to form project teams.

5. Students select their project preferences on a Team Assembly Form which is
submitted to the GP committee.

6. The GP committee assign a project to each team according to their prefdrence
more than one team show an interest in one project, the facultpeneffiering
that project chooses among the teams.

hw

Capstone projects are evaluated based on specific assessment infornaaticemtbhe
divided into three criteria:

e Advisor(s) Grading (25%)The advisor(s) grading is conducted based on two items:
Technical ability, data analysis, professional responsibility, ability to work
independently, use of modern engineering tools (17.5%) and Team(Wok).

e Final Report (35%)The guidelines used to assess the final report are:
1. General Format (1%): this includes number of pages, font, margins, title page
and chapter numbering.
2. Report Sections (6%): Executive summary, nomenclature, table of contents, list
of tables, list of figures and team member contributions.
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3. Technical Contents (17%): Introduction, background theory, methodolatyy an
techniques, results and discussions, conclusions and recommendations,
references and appendices

4. Ethics, Impacts and Quality (11%): Ethics, citation, language (grammar and
spelling), general looks and quality and economical environmental, safety and
social impacts.

o Final Presentation (40%)This criterion is evaluated based on three items: Ability to
formulate a problem, select an optimal approach and design a processtenaltsy
applying math/science/engineering principles, analyze and interpret results for a
system/experiment to meet desired needs (20%), ability to answer technical
questions (12%) and oral presentation (8%).

The selection of these three criteria is strongly defensible especially méggping the
used criteria to the BME program at JUST outcomes.

CAPSTONE PROJECTS IN RELATION TO PROGRAM OUTCOMES

The BME program at JUST after extensive meetings, discussions, andtaibogs
adopted the a-m criteria in ABET. Course outcomes are defined for eade ¢ouhe
program, based on the material in each course, and these are linkedragthena-m)
outcomes. The success of the program is evaluated through the achievEpregram
outcomes. One of the direct tools the BME at JUST uses to assess theesttaifim
curriculum outcomes is capstone projects. The use of this toop&ealy justified by
the fact that capstone projects' objectives are related to all program outcBamsty
members are also defined to be a program constituency exploitedvidepr@aluable
feedback for the development, evaluating how the program outcomesear Figure 1
gives the results of how the faculty members in the BME at Je&iluated the
achievements of program outcomes using the capstone pragdasdirect tool. This
assessment was done for projects conducted by students in fogissve semesters
starting with the first semester of the academic year 2007/2008.

The success criteria for each program outcome are indicated as follows:

- Suggestedmprovement Above 3 on a scale of 3he program outcome has
been met, but recommendations for some improvement may be suggested.

- Needs Improvement: Between 2.5 and 3.0 on a scale of 5, the progi@ymes
have been marginally met. Improvement should be suggested and implemented.

- Major Improvement: Less than 2.5 on a scale of 5, the program ceittasmot
been met. Major improvement should be suggested and implemented.
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Figure 1: The results of achievement program outcomes wasipgtone projects as a direct
assessment tool.

SUMMARY AND CONCLUSION

Capstone design projects can be used as an assessment tool tahgidgedents
comprehension of the different courses within the curriculum, ithisirn serves as
feedback when restructuring course content and material. Instructsesvations with
regard to the capstone projects can be summarized as follows:

- Students perform very well when they have an oppdtfuto choose the
topic of the projects themselves.

- Including design component in other courses hasreatgimpact on
improving the student performance during the comdok the capstone
project.

- The inclusion of communication course within the razulum has also
improved student writing and organizational abilitie

- Applying acquired theoretical knowledge to the sioltof the practical
biomedical problems infer a sense of self-configenand social
responsibilities within the students.

- The practical training requirement in the fourth year of study givestthirents
exposure to a wider array of biomedical related issues and problems.

- Efforts to conduct joint capstone projects with industry and othezrgmental
institutions were not very successful due to bureaiaclianitations.
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INTRODUCTION TO BALANCE BETWEEN THE CREATION OF
ALLAH AND HUMAN INDUSTRY - THE GREATEST
CHALLENGE OF EDUCATION FOR THE 21 * CENTURY

Abdul Razzaq Tougan
Department of Civil Engineering, An-Najah National University, Palestine

ABSTRACT: God's creation of heavens and Earth is charaetbriby creator's knowledge which
covers everything , his soul tying him with theatures and his wisdom achieving enhanced balance
with time. Current science is characterized by vmtion and imitation of God's creation. However, it
evolved independently of a universal reference ltiegu in problems in balance seen through
environmental corruption and manners' collapse.ceSigurrent science represents the best valid
materialistic civilization, the requested challeng®oth legislative and methodological in how éstore
balance. This research presents a vision througichmive make use of what we first read from
materialistic science to develop another readinthénGodly Universal Reference. This will help man
first absorb materialistic sciences and then dieud enhance it. Such interaction between the two
readings is essential to preserve and improve beldynfortunately such interaction is absent imenir
civilization which discovered how much importanistto provide the user with a manufacturer manual
but did not find out how much a human is in neadhis own reference book to reveal the purposaf h
creation and the way to achieve it! Researchersfith@ greatest challenge in how to provide students
with qualified co-chairs: one in science to impr@ficiency of digesting art beneficial to the wdyrthe
other in manners which adjusts its behavioral wackording to scientific knowledge. The complete
universal reference of God "Qur-an" is the best esfee to achieve both co-chairs. The research also
provides an understanding from Qur-an and sciehbew to cure the most important issues concerning
scientific institutions (to be based on science faitth), education institutions (to simplify andcflitate
learning skills through exciting hard thinking, miying variables and providing evidence and pjoof
and industrial institutions (to provide evidenceaasoutput).

KEYWORDS: Balance; creation; industry; education manual; ersal reference.

INTRODUCTION

In modern times, man has discovered by trial that humanities (just like sciencepare tw
types. One is theoretical facts, characterized by constancy. These are scientific,
humanistic legislative laws. Another is practical applications that are renewable and are
characterized by change according to changing situation. On this basis, specmlists ar
classified as scientists (possessing theoretical knowledge) and applied scientists, like
engineers. Scientists learn theoretical science (pure science) while engineers le@arn how
apply this science and benefit from it in changing situations.

With increasing scientific knowledge and discovery of new means of obsenaam
measurement, what scientists think to be constant (stable) turns to serve aely un
specific conditions. So the laws turn to be a wise wisdom that works gpéeific
circumstances. For example, Newton's laws which were thought to be the discbvery
laws of universe motion, are not valid when speed becomes equal to tHeokjight.

Thus, they are replaced by the laws of Einstein [1]. Also, Newton'sdeavaot valid in
Nano-sciences and are thus replaced by quantum physics. Quantum physics is also in
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contradiction with physics of Newton and Einstein forcing scientists to try to eesolv
these inconsistencies through a new theory, superstring theory, which assumes eleven
world dimensions [2]. Thus, we can say that human discoveries are atwayginuous
increase and change with increasing human knowledge and improved means of
observance and measurements. Such discoveries are either scientific represeraing hu
laws bounded by place, time and means of observance and measuremérg, or
corresponding applied sciences showing how to understand and useuswh laws in
balanced form for all creatures.

On the other hand, one studyibgok of God finds out another source for accurate
information sent from the creator. The facts of the universe are either etisdovom
reading the universe or from reading the book sent from the cteatioe creature. The
term, The Bok, refers first to a constant script (whose understanding is dynamic:
changes with place, time and development of means of observance and meat3urem
which represents theoretical legislation and, second is the platform necessary to
understand these facts and apply them (called balance) as revealed by Ash-&ttera ch

(17) Gt A0l U B 535 Ly (1 3all’s (30 LIS T30 o2 41
42./5 550
17-1t is Allah Who has sent down the Book in truth, and the
Balance. And what will make thee realize that perhaps the Hour (of
punishment) is close at hand. Sura Ash-Shura\Number 42.

Balance is the tool that is used to judge the implementation concepts of TheoBook
different worlds, i.e. it is the wisdom necessary to achieve balance in theseniver

Ibrahim (Abraham) (peace be upon him) emphasizes the importance of integnatio
education between established constant famscepts, (named book) and practice
(named judgment) as the basis for development of education, consideriagvttmslid
not abide by such platform a fool as revealed in Al-Bagarah chapter:

5 LAy LIS Ll S gl St e Ul e s U
2815 4030 A 0 ) a3 e e L2 (1295l 5 el s )
2/3 jl(130) sliall al AT 3 A5 LI b sl

129130"Our Lord! Send amongst them a Messenger of their own,
who shall rehearse Thy Signs to them and instruct them in Scripture
and Wisdom, and sanctify them: for Thou art the Exalted in Might,
the Wise.". And who turns away from the religion of Abraham but
such as debase their souls with folly? Him We chose and rendered

pure in this world: and he will be in the Hereafter in the ranks of

the Righteous. Sura Al-Bagarah\Number 2.

Knowledge of science facts represents strength for sponsorship leardeabiéling by
the requirements of this science instead of following the Hui represents stability in
sponsorship learner. Stability is a change of thought and sponsoediapidr for the
benefit of people and contributes to the architecture of the Earth. However, sciemce alo
without guidance from The Book of God is unable to discover all univést due to
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human limitations (human ideas are developed through means of obsensathce
measurement; and assumptions bounded by place and time) which boualdiitias to
achieve balance. Whereas the creator abilities are thorough as describes in Ta-ha chapter:

(50)s A o (K e T (oM U JE(49) o s L&) {1 08
20/4k
49-50 (When this message was delivered), (Pharaoh) said: Who,
then, O Moses, is the Lord of you two?" . He said: "Our Lord is He
Who gave to each (created) thing its form and nature, and further,
gave guidance." Sura Taa\Number 20.

Thus Our Lord has designed everything and has given it its form and nature. Allah’s
saying: "gave guidance" means that Allah has programmed the designed thémfipto p

its role easily and with the least cost and effort. He has also programmed othethiiings
are interrelated with each other to carry out tasks that are fully integrated to make thin
do their roles easily. Allah has never designed a thing in isolation from oftmenr®fore,

He said "gave guidance" and didn’t say "gave it guidance". For example, the human
body organs and systems are programmed to do their roles automaticaltysamdasy
fashion. The same is true for thousands or even millions of fisle iseth, and birds in the
sky: they move quickly and continuously without one fish or bird collidiith another.

In contrast, many planes have collided in the vast space and many ships have also
collided head on in oceans and seas, let alone the numerous collisiorsarf o@ads.

Thus it is logical to find out that many of human beings’ inventions and industries, that

had characterized the 20th century, have been a human imitation, however itnpérfec
some of Allah’s creatures: planes are a weak copy of birds; the submarines a costly copy

of fish; the cameras a copy of eyes, calculators a copy of human brain; satellites a
transformed simple copy of planets and moons, keeping in mind the diffeyence
between the copy and the original. Although such a difference is admitted by
intellectuals, yet it is strange that they imitate God's creation, yet they don’t ask earnestly

for the universal reference book from Allah, the creator. Whereas theyadinice a
manual for every machine they produce to show its operation instrudgt®mpairposes

and function.

Although the Christian West belongs to People of the Book in its first gtmgtTorah

and the Bible) and because the book is not complete, the People of the Book couldn’t find

in it what might cure their burning desire and quench thirst for knowledge dsciding

to start their reformation and consider the Torah and the Bible the only solurce
revelation and religion. And because the Christian West had not known thiy Lord
Universal Complete Reference, they saw things with one eye (eye of materialism)
bounded by available physical means of measurements, lots of assumptibns an
limitations of human mind to produce the available civilization. This one-eyed
civilization, since it is read from universe alone without reference to the toalab,
produced corruption which will finally lead people to return to the final compleidly
universal script as stated in Ar-Rum chapter:
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41 -Mischief has appeared on land and sea because of (the meed)
that the hands of men have earned. That (Allah) may give them a
taste of some of their deeds: in order that they may turn back (from
Evil).Sura Ar-Rum\Number 30.

Once we return, Allah has stated qualifications needed to understand detail83obkis
at the beginning of Fussilat chapter

AUcbad (3) Gsalp il e Uit adls llad La
3-A Book, whereof the verses are explained in detail; a Qur-an in
Arabic, for scientific people; Sura Fussilat\Number 41.

Those who want to understand details of Quranic verses need to be knowkdgtab
Arabic, in Terms of expression, comprehension and thought and mwstsgientific
knowledge that helps them understand signs and recommendations which @dlah h
embedded in His verses. This is the science which Allah has promised to be th® index
prove the authenticity and truthfulness of the Holy Book verses. To this #ald,said at
the end of Fussilat chapter [3]:
A1y G ATl Gl A3 el G s gl T UL 8 Ule ag y

A1/lad (53) A o8 K e
53-Soon will We show them Our Signs in the (furthest) regions, and
in their own souls, until it becomes manifest to them that this is the
Truth. Is it not enough that thy Lord doth witness all things. Sura

Fussilat\Number 41.

UNIVERSAL CREATION REFERENCE: THE BOOK OF GOD (ALLAH)
The most important advice in the universal creation reference is stated in Saba chapter:

£ e pnliny Lo 1580 28 (60185 (e all ) g o (f 33m)y o80me L) (08
B4/ (46) 2 e (53 G 27 ) T )
46-Say: "I do admonish you on one point: that ye do stand upebefo
Allah, - in pairs, or singly - and reflect (within yourselves): your
Companion is not possessed: he is no less than a Warner to you, in
face of a terrible Penalty” . Sura Saba\Number 34.

To do anything as learning or education, it must be done in pairs at start, then
individually. So we understand several pairs like the importance of studyingyutio
references: reading the book sent from God as stated in Az-Zumar chapter:

39,030 (41)... Gl Ll Casl Elile WG
41- Verily We have revealed the Book to thee in Truth, for
(instructing) mankind... Az-Zumar\Number 39.
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And reading the truth seen in the universe as emphasized in Al-Tagabun chapter:

(3) D) dlly 28y sl cnll o8y (3l (a5 sl GBI
B4/l
3-He has created the heavens and the earth in Truth, and has given
you shape, and made your shapes beautiful: and to Him is the final
Goal. Sura Al-Tagabun\Number 64.

The terms book and truth were repeated equally (227 times) in the bodlatof'@ur-
an" [4,5]. This reveals that the truth is the same in both the wo@edtnd his creation
seen in the universe. Thus, reading the truth from any reference t¥dhelps reading
it in the other. And since both references belong to a unified sourcerghedings cannot
contradict each other. If contradiction appears, it must be in human undergtahdne
of the two sources. Since human understanding is not complete nectpedntrary to
God's laws that govern the universe: they do not change or turn off am daadir
chapter:

35/,kl8 (43) U a3 alll ATl 3a5 (T Wi alll AR 05 18
43-...But no change wilt thou find in Allah's way (of dealing): no
turning off wilt thou find in Allah's way (of dealing). Sura
FatinNumber 35.

Thus, such approach provides the learner with two-eyes, each one helpsethe oth
However superiority, as in human eyes, must be given to the eye readingothefb
Allah as stated in Al-Maida chapter:

Ui’y LS (e 433 (i el 1Bk (3l S Sl Wil
48- To thee We sent the Scripture in truth, confirming the Scripture
that came before it, and guarding it in safety: ...; AI-Maida\Number
5.

And in God's script at the end of Fussilat chapter:
o S G AT A A5 Sl i s Sl T 3 8 Lils ag i
41/cilad (53) Ligh o5 K8 e
53-Soon will We show them Our Signs in the (furthest) regions (of
the universe), and in their own souls, until it becomes manifest to
them that this is the Truth. Is it not enough that thy Lord doth
witness all things. Sura Fussilat\Number 41.

A promise that his verses (signs) will be revealed in both the regionsvefrse and in
their own souls, such a promise implies the unity of science and faith. Seieracés
materialistic, while faith area is the soul. The book of Allah unify both in vettaes any
scientific discovery will reflect faith, also any faith verse reflects materialistic scientific
discovery. To affirm such declaration, the Lord who created the unigats¢he souls
reminds us in Gafir and Fatir chapters respectively:
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57-Assuredly the creation of the heavens and the earth is a greater
(matter) than the creation of men: yet most men understand not.
Sura GafinNumber 40

35/ (A3) S8 4l S 323 oy Sl 4l 2 33
43-...But no change wilt thou find in Allah's way (of dealing): no
turning off wilt thou find in Allah's way (of dealing). Sura
FatinNumber 35.

And in affirming unity, God says in As-Shura chapter:

a4y K05l T, A0 K05 ) ) 40853 5 (30 48 PRI L
42,5310
10-Whatever it be wherein ye differ, the decision thereof is with
Allah: such is Allah my Lord: in Him I trust, and to Him | turn. Sura
Al-shura\Number 42.

Importance of providing students with two qualifications: strength (efficieranyd
stability (trusty) completely in agreement of what God says in Al-Qasas chapter:

(oanaill(26) aalll (5 58 Cal) (e SR T
26-Said one of the (damsels): "O my (dear) father! engage him on
wages: truly the best of men for thee to employ is the (man) who is
strong and trusty. Sura Al-Qasas\Number 28.

Being specialized only by strength or by stability alone, or by both $itremgl stability

in aspects not beneficial to the entire nation is tyranny in education. The current
education in the Islamic world is divided into two sections. The first seigtiooncerned

with building societies scientifically in medicine, pharmacy, engineering, science and
others. These are taught how to read the universe without reference to ki Bdlah
leading to strength buildup independently of the stability. This is the ethicdeprals
Western societies.

The other section is concerned in the stability building in the fields of edugcatio
humanity and social sciences without strength buildup. Believe in feasibilityabf s
approach contradicts with what distinguishes human from angélat humans have
superior strength while angles are superior in stability. The result is mistamdi#ng the
objective of creation and separation of religion from life and this is therpegblem in
our Islamic societies.
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CENTRALIZATION OF EDUCATION IN ACHIEVING BALANCE BETWEEN
COMMUNITY INSTITUTIONS

Development of any society is based on three institutions whose role is inter-selelted

that the objective of education (which is to benefit society and establish earth
architecture) cannot be achieved unless their role integrates together: these are scientific,
technical education and industrial institutions.

The objective of scientific institutions is to discover the laws governing thenseiand

the way to achieve architectural development, thus they represent the base of civilization.
The objective of technical educational institutions, the central role, is to prepare the
technical staff needed to read the laws and know the way to implement them t@ achiev
development, thus they represent the foundation of civilization (the link between
scientific and industrial institutions).

The objective of industrial institutions is to set the environment and capital needed
translate scientific research through technical staff into earth architecture, thus they
represent the civilization structure of a nation (the fruit). The centralized role of educatio
to achieve balance can be analogized through the computer example [6]. Tarsolve
problem using the computer, three steps are needed:

1) Input provide system determinants needed to define the problem;

2) Processing implement theoretical ideas and methodology of solutions in a flow
chart that read the input determinants and suggest a solution;

3) Output the suggested solution either solves the problem indicating correctness
of both input data and processing, or the problem stays indicating falgautn in
or processing or both.

The script of the book of Allah (Qur-an) together with scientific institutions@dabputs,

the technical education institutions and reading ufunderstanding the meaning of its
verses) act as processing. Industrial institutions and their products represent civilization
output. Such an output is the image of level and correctness of research and reducatio
This mechanism is clearly stated in Al-Israa chapter:

Gt S o T a5 (B 7 00 (i AT (B AN RN T
17/¢) ¥ (80) st
80-Say: "O my Lord! Let my entry be by the Gate of Truth and
Honour, and likewise my exit by the Gate of Truth and Honour; and
grant me from Thy Presence an authority to aid (me)." Sura Al-
Israa\Number 17.

Obviously, renaissance civilization cannot take place unless integrated action and
coordination exist among the three institutions. The following present detaiElofas
argument.
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Scientific Research Institutions (Input)

Aim of scientific researclis to identify and apply the laws governing the universe and
souls through two approaches:

1) Extrapolation of creation by collecting items that share the physical
characteristics and uniform laws (specification) in what is known as the
extrapolation methadnduction.

2) Application of customary laws in the community including legislative asthe
practical examples in the so-called interpolation metdeduction.

If research prospects aim to detect laws that govern creation, research education aims
adjust the behavior so that the laws of ethics are in agreement with laws of ci@ation
defines three classes of verses in his book: verses attributed to Allah, and verses
attributed to Lord and once attributed the verses to Rahman (most graciotn in
mechanism of application of the verses of Allah and Lord in Maryam chapter:

s 755 aon e (an's 3l A3 (e G (o gl Al () ]
|5DA Dl Cule aeile (T8 13) LEaly Wb (an's i sl s ot 3 4303
1Y e (58) G T

58 Those were some of the prophets on whom Allah did bestow His
Grace, of the posterity of Adam, and of those whom We carried (in
the Ark) with Noah, and of the posterity of Abraham and Israel, of
those whom We guided and chose. Whenever the Signs of (Allah)

Most Gracious were rehearsed to them, they would fall down in

prostrate adoration and in tears. Sura Maryam\Number 19.

Allah's saying “of those whom We guided and chose” includes anyone who seeks to be
blessed. The name of God: Rahman (most gracious) refers to pair of meneddisinal
mercy attributed to Allah (God) the creator and ethical mercy attributed to Lord
mastermind command:

7/al eV (54) Gaaladl Sy AT @S "5 (311 AT Y
54-... Is it not His to create and to govern? Blessed be Allah, the
Cherisher and Sustainer of the Worlds. Sura Al-Araf\Number 7.

Thus, Rahman verses are collections of God (Allah) verses and Loesks \@kecting
creation and ethics: theory and practice. Thus standing for God is donetleitheyh
pairs of Allah and Lord verses (Qur-an: Al-Rahman verses) or individuassefsAllah
or Lord: "I do admonish you on one point: that ye do stand ugrddilah, - in pairs, or
singly..."

In addition to clarity in script, Qur-an provides the same meaning in statistican As
example: the number of occasions where "Allah vergesy!" is used equal the number
of occasions where "the Lord of the worldisi=! " is used and is equal to 42. This
equity in number declares how to achieve balance between creation (Allah verses) and
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ethics (the Lord of the worlds). Every creation verse provides streegéssary to
architect the world, and every ethical verse provides stability needed to direct strength
towards building and not demolition. All this clearly indicates the importanpecvide
balance between scientific research (seeking truth) and its translation into actdwftco
Focusing onlyon one of them is tyranny in balance.

Manuals produced by manufacturers are a small example of previous ideasual of
personal computer for example provides detail description of the components of th
computer, the hardware. Computer software's start by examining the coimgnaenre

first, and then controls and directs its outcome [7]. A computer withoupatiloiity
between hardware and software is tyranny in balance: imagine playing caadsuper
giant computer or trying to analyze a high rise building on a hand calculator.

Such combination between creation and ethic verses provides an additional advantage
making it easier to learn and remember as said in Al-Qamar chapter:

54 5aill (17) JS3a (e Ugd KA (e300 g T
17-And We have indeed made the Qur-an easy to understand and
remember: then is there any that will receive admonition. Sura Al-
Qamar\Number 54.

Achieving enhanced balance between creation and ethics was the most important demand
(might be the only one) in Al-Rahman chapter which speaks in its start taching
Qur-an:

elly Gl (4) Gl Ale (3) mall B2 (2) e A Gl (1) a0
U1 (7) O aadl gim’s’s Ly s Lalally (6) olann alilly 22l (5) phs
(9) OVl ) 5/ pmisd Uy Jadlly (575500 1 a5 (8) )il (b 15
55/ sl
1-(Allah) Most Gracious! 2-It is He Who has taught the Qur-an. 3-
He has created man: 4-He has taught him speech (and Intelligence).
5-The sun and the moon follow courses (exactly) computed; 6-And
the herbs and the trees both (alike) bow in adoration. 7-And the
Firmament has He raised high, and He has set up the Balance , 8-In
order that ye may not transgress (due) balance. 9-So establish
weight with justice and fall not short in the balance. Sura Al-
Rahman\Number 55.

Allah considers the most losers are those ignoring ethic verses in his messages as
declared in Al-Kahf chapter:

(AAJL\JJ” a;ﬂ\@?@m&aumj\ (103) ez | wwﬁu‘,ﬁﬁ& Ja
MMN}*J@D\})&SUJJX\J.\S} (104)&.\.»4u).\w?g_viu).\w
18/6S)) (105) Uy Aadll o5 2l 2l U8 el
103-Say: "Shall we tell you of those who lose most in respect of
their deeds? 104-"Those whose efforts have been wasted in this life.
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While they thought that they were acquiring good by their works?
105 They are those who deny the Signs of their Lord and the fact of
their having to meet Him (in the Hereafter): vain will be their
works, nor shall We, on the Day of Judgment, give them any Weight.
Sura Al-Kahf\Number 55.

Technical Education Institutions (Treatment/Balance)

Technical education institutions aito provide the learner with qualifications necessary
for earth architecture. They do so through two key roles:

1) linking research to actuality updated variables. Thus, they simplify and
facilitate laws to be easily connected to the largest possible audience, and

2) finding qualified staff to understand human achievements of scientific
research and translate them into reality by providing them with two
essentiato-chairs:

a. Strength/(efficiency)teaching human staff technology; i.e. latest advanced ways of
dealing with the problem to be solved. Or teaching human staff howaogdod job by
understanding the achievements of scientific research in the specified domain, learns th
mechanism of combining this understanding to reality to come up with anmeluct and

learn mechanism of limplementation of this product on the ground.

b. Stability/(trusty):teaching technical staff to play their role effectively (abide to laws: a
basic principle of ethics). Contrary to what is expected that increasing materialistic
scientific knowledge is the best way to reduce failures, practically the largest percentages
of failures are due to human ethics.

This means that the human does not abide by science discoveries and laws in
implementation. For example: it is true that failure of structures subjected to eaehquak
are larger in weak old structures as compared to modern strong structurssafistital

study of both types of old versus modernized structural collapses shaatetigHarger
number of collapses in both are due to ethics: lower quality of materials used as
compared to specifications [8]. This emphasizes importance of strength docero
modernized structures, and stability for quality control.

For technical education institutions to play their role effectively, they should beilcafref
methodology of providing students with the necessary co-chairs of tstremgl
stability. Globalization of education makes it necessary to achieve four w's: \uav(
the amount of information), know why (understanding the informgtiaomw when and
know where (establish importance of poof in all areas of learning and ed(catere
are some important details for the previous items:

(1) know what (amount of information) and Know how (education rdetbgies): As
reading materials present the previous information necessary to understanchgmd g
reality, it looks like raw materials that if it fits, it will provide a good fuml thought; and
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if rotted negated any progress to reality. Thus, Allah declares in Al-Nahl and Al-kahf
chapters that his words do not run out of fuel while human wordslguigk out:

16/d= (96)... (3L alll S s A & L
96-What is with you must vanish:. Al-Natg\

Llia T3V 20 Cal€ 3885 {f 38 DAl 241 375 cualT 1310 Dl S 1 (8
18/—2¢Sll (109) 1336 4l
109-Say: "If the ocean were ink (wherewith to write out) the words
of my Lord. Sooner would the ocean be exhausted than would the
words of my Lord, even if we added another ocean like it, for its
aid." Sura Al-Kahf\iNumber 18.

Since the book of Allah, the Qur-an (a universal reference) is 77407 ,woedsmount of
information to be given must be short like a rule of thumb. This is asigdd in Al-
Maida chapter:
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100-Say: "Not equal are things that are bad and things that are
good, even though the abundance of the bad may dazzle thee; so
fear Allah, O ye that understand; that (so) ye may prosper.” Al-
Maida\s.

To interpret the foregoing, Allah provides an example for human to remémlbieahim
(Abraham) chapter:
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24-Seest thou not how Allah sets forth a parable? A goodly Word
like a goodly tree, whose root is firmly fixed, and its branches
(reach) to the heavens, 25-It brings forth its fruit at all times, by the
leave of its Lord. So Allah sets forth parables for men, in order that
they may receive admonition. Sura Ibrahim\Number 14.

The goodly word is the Lord verses in Qur-an text. This text is stable likmatheat tree.
Its fruits grow on renewed understanding like the tree fruits thatsgmwthe new
branch. The old branch either can be utilized for building renewed branihhas
become firewood. This indicatése need to update all information.

To prune the tree is to remove dead branclbikh have become a burden on the tree to
grow and live; much like what the human needs of prune old undersiandday to
book of Allah to grow instead new understandings suitable for present times

There are two main methodologies of education (know how): indoctrination dnetho
based on memorization of knowledge and thinking method based on several hierarch
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steps starting from understanding of the knowledge and its applicationsglysisand
synthesis.

Indoctrination method produces copy designs without developments oatioresy thus
unsuited for continued improvements needed for earth architecture which clathges
place and time due to different design determinants. Not a single word in theQuhrele
an asks for memorization of information.

The thinking method produces development and innovation designs which are a
characteristic of human for qualification of ruling the earth. This is whig aijob (earth
architecture) is given to humans with lower mark in stability, instead of angleshawreo

lower mark in scientific strength qualifications as evident by their talking in Al-Bagara
chapter (which is similar to an introduction as it comes at the start of Qur-an):

55 (32) asall aladl caf ol Uide U U) W ale U eliail 1518
32-They said: "Glory to Thee: of knowledge we have none, save
what Thou hast taught us: in truth it is Thou Who art perfect in
knowledge and wisdom." Sura Al-Bagara\Number 2.

Therefore, it is unworthy to edueahumans with ming (the binding strength and
developmentpy indoctrination methodnstead, the human must first learn to understand
the Godly script that dmn't change, and then to develop his understanding by the
methodology of thinking to address the problems of the constantly chaegitly
architecture. God warned human beings not to disable the quality of thinkiagskeeaf
ignorance or imitating parents, as stated in Al-A'raf chapter:
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172When thy Lord drew forth from the Children of Adam from
their loins, their descendants, and made them testify concerning
themselves, (saying): "Am | not your Lord (Who cherishes and
sustains you)?" They said: "Yea! we do testify!" (this), lest ye should
say on the Day of Judgment: "Of this we were never mindful.” 173-
Or lest ye should say: "Our fathers before us may have taken false
gods, but we are (their) descendants after them: wilt Thou then
destroy us because of the deeds of men who were futile?". Sura Al-
Araf\Number 7.

Ignorance is a product of not being knowledgeable of Allah's versesthandreat
injustice is in heroes concepts that do not fit reality which leads to a failure in
developments and innovations.

(2) Know when and know where (Evidence/verificatitim}: universe is ruled by a single
system perspective, this system has global way of functioning with similar laws
However, we cannot study (analygé as a unit. Thus, we need to discretize it first and
study the laws governing its parts, and then try to establish a common dystem
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combines all these laws into a unified theofhis approach faces researchers with
growing disabilities in both methodologies of scientific research:

a) Difficulty to discover an analytical law to the issue under discussion in more than
one dimension, leading to many hypotheses or resorting to extrapolate statistical
solutions. The problem in both cases is that we through hypothesate deam
reality, and in statistics we face increasing difficulty to discover the govelaing
comparable to difficulty in accuracy and truthiness of collected data.

b) Collecting previous information prior to accessing one analogical system (that
governs all became extremely difficult for the huge amount of available
information, especially when easily accessed through the Internet .

Consequently, sorting the information and trying to develop a comprebesgitem
mounts increasing difficulty with time. The more anthropology the humalerstood

the more incapacity and needs for help is recognized. Especially wheniksges need
solution so that the price of any additional experiences ranks extremely hitjte énd

of the twentieth century and the beginning ofstkentury, emerged difficulties in
digesting this vast human discoveries and revised experiments are well recognized. Th
a need for a universal reference to help the world to see his/her discdraries global
angle is essential

This implies the need to refer to the God book which is complete in scriptriemded to
all worlds to configure humanitarian vision to help us digest information epdirr
construction. The name Allah has chosen for this universal book is (QuFfa name
implies the thinking methods needed by the learner to resolve problems gifotlviag
deficit. From Al-Furgan chapter:
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32-Those who reject Faith say: "Why is not the Qur-a revealed to
him all at once? Thus (is it revealed), that We may strengthen thy
heart thereby, and We have rehearsed it to thee in slow, well-
arranged stages, gradually. Sura Al-Furqan\Number 25.

It is clear that the possibility to study Qur-an as one unit is not pos3ihieword (Qar")
means read in Arabic script, this implies understanding parts of Qur-andiagcoo
subject and to extrapolate laws for every part to be read (induction). dridg@aran) in
Arabic means combining parts read to form a global vision from whi&lanalogize
behavior of everything (deduction).

Thus, Qur-an is a combined word for methods of scientific research compitihg
methods of studying the universe. The name carries the objective of medsaligs, ds
to help the human to perform his duties by enhancing his ways of tiirgdid clearly in
Al-Nahl chapter:
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44-(We sent them) with Clear Signs and Scriptures and We have
sent down unto thee (also) the Message; that thou mayest explain
clearly to men what is sent for them, and that they may give thought.
Sura Al-Nahl\Number 16.

This means that Qur-an is provoking thought. Qur-an -as defined ksetiter- is a
book of pairs and analogy as defined in Az-Zumar chapter:
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23-Allah has revealed (from time to time) the most beautiful
Message in the form of a Book, consistent with itself (analogical),
repeating (pairs). Sura Az-umar\Number 39.

The meanings of book and pairs were explained previously. By anilisgynderstood

that Allah provides a global explanation that applies to everything proving that there is
only one God. By analogy, physical science horizons (science) are explained in
psychological science (humanities) and psychological science are written in physical
science horizons

Thus it is a universal book that can be applied to human and all creatures gtititeon

the universe. This means that the achievement in any field in science raises théoreader
understand verses in the book of Allah, which then can be downloadebesrscientific
areas, making all areas posted each other a common reference representsténe Char
which links all sciences together

This will reduce the effort of researchers and activate solving any probledeahdith

recent problems in best devedmpmodern style, rather than wasted in many experiences
that some result in tragic outcomes and some cost a lot disabling development and
prolonging fruitful outcomes.

Humans reached through experiments that unified laws govern this uniersirs
perform experiences first on animals to benefit from the results of their resedreht
human diseases. This was revealed in the book of God in Al-An'am chapter
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38 There is not an animal (that lives) on the earth, nor a being that
flies on its wings, but (forms part of) communities like you. Nothing
have We omitted from the Book, and they (all) shall be gathered to
their Lord in the end. Sura Al-An'am\Number 6.

Earth scientists and engineers combine- their findings of @sear ground and in sky
with humanitarian concepts as also revealed by the book of God in Ghegfiter:
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57-Assuredly the creation of the heavens and the earth is a greater
(matter) than the creation of men: yet most men understand not.
Sura GhafinNumber 40.

Industrial Institutions (Outputs: Fruit)

Industrial institutions aim to develop or provide earner demanding co-chaies:dond
comprehensive validity of subjective material. Local material validity means that the
product's function for the time period specified by the manufacturer.pf@bmensive
validity makes product achieve goal if used properly without being spoiled asd th
impairing things around it. If both validities are satisfied, improved balanced
development on Earth is accomplished

Thus similarities of manufacturing and material specifications versus human
qualifications exist. Poor manufacturing material on local scale reflects lower stogngth

a human strength level, and on comprehensive scale reflects lower level of sfEidity
product of industrial institutions for any nation is the picture of healthténfacientific
research) and processing (technical education institutions)

Modern civilization led by the West produced high level local materialistic sEienc
because of its efficiency in reading the creation book, but failed to provide a
comprehensive civilization because it did not use a universal reference book. afi&od
results in tyranny in balance which led to corruption in environment and colilapse
ethics.

The indoctrination civilization is in deficit to achieve the required level of materialistic
and comprehensive civilization which led to a decrease in balance. Scientific research
institutions headed for subjective benefits like promoting researchers indetweraten
seeking to benefit the nation and solve their problems.

Technical education institutions, especially humanitarian, are based on indoctrination to
reduce costs or to gain a quick low sum rather than raise thinking and dbality
requires a great effort in learning and a lot of money in spending faig®ance. This
yielded traditional architectural institutions incapable of creativity and continuous loss in
balance indicating bugs in their scientific or educational institutions or masalgyo

both [9]

SUMMARY AND CONCLUSIONS

The manuals provided by industry providers (emphasizing importangeasfing them
before use to make sure that the handmade works efficiently and to minlitikzesy...)
presents a modern example of the importance of the universal Book ath@ddmighty
Creator, for humans to provide guidelines and safeguards and wafifinggerstood)
that promote and improve human performance. The book of Allalbinemverses of
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creation with verses of ethics in single scripts, thus offering in each materialistic
(physical) science an ethical code of practice. This provides learner with qualified
efficiency and stability in improved balanced development almost absent in present
education.

The scientific research institutions provide the base for Renaissance where you
extrapolate laws, facilitate them to humans and define mechanism of architectese. Th
must balance between truth discovery and translating discoveries into practical ethical
applications The technical education institutions provide the foundation connecting
Renaissance rules (product of scientific research institutions) with industrial institutions
by providing graduate with qualifiedo-chairs: qualified efficiency and qualified
stability (integrity). Industrial institutions are structural products of research and
educational institutions. Their level is a mirror image of scientific and educational
institutions. Their grade depends on level of achieving and enhancing balancat with
loss or tyranny in it.

Present materialistic science is inadequate to establish renaissance because of corruption
and environmental collapse. This results from one-eye civilization based on trial and
error, lack of commitment and letting personal interests supersedes the moral values
(which vyielded tyranny in balancdncreased efficiency compared to decrease in
stability).

Turning away from reading the book of God in the Middle East prodssénidalance
in both the efficiency/strength and in the stability. To correct our missioBarth we
must do two readings; first readings from the universe (creation)trenather from
verses of the book (verses of Allah and Lord: creation and ethics) withewrtding one
reading over the other.

This century calls first: searching for rightness to be the fuel fougiht. And calls
second: the realization that the script of the book of Allah provides holistidetail of

all reality, giving us a valued neutral reference to resort any disagreement.ughis d
reading promises, if read and implemented correctly, to establish enhanced balance
without tyranny nor loss, indicating the possibility of advancement and iagolv
differences and problemd all kinds to all worlds. This dual reading is called Qur-an,
making its reference easy to memorize and a mercy to all the worlds.
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FIVE DECADES OF ENGINEERING EDUCATION
A NOSTALGIC LOOK BACK, A BOLD LOOK FORWARD

Klaus Wuersig
Department of Engineering
University of Pittsburgh at Bradford, Bradford PA, Unites Statesnoérica

ABSTRACT: Up to about 1960, Engineering Education had nahghd significantly from the previous
five decades. Problem solutions were accomplishedsing CRC Handbooks and the slide rule. The
invention of the transistor in 1947, and the subeaeg invention of integrated circuits would change
Engineering Education forever. Main frame compustasted appearing on college campuses and a high
level language called Fortran made it possible toes@&ngineering problems that were too daunting for
students to solve in the past. Then in the eanrgrstges the hand held calculator made its appeardnc
1972 the H-P 35calculator, using reverse polistatm, was $395 and even though that cost was
prohibitive it was the beginning of the end for 8igle rule. It was only five years later that fa West
Coast Computer Fair Applell, the first real usapkrsonal computer, made its appearance. Software
manufacturers now created powerful programs thatdcaake life so much easier for students and
faculty and gave them the ability to solve compbegblems within a few minutes. Super Calc, Excel,
MatLab and others, were programs that providedoefdre seen capabilities and programs like Word
Perfect and MS-Word made the type writer obsolete.

In 1962 an agency called Advanced Research Projegency (ARPA) was created. It was the
forerunner of what culminated in 1993 into the Wowlde Web. In 1968 ARPA had four Host
computers, now there are millions. Information ths¢d to be obtained through painstaking resedrch a
the library is now available with a few keystrokés. we move into the teen years of thé' 2&ntury we
see new developments that will affect Engineeringriculums. Alternate Energy sources and
Nanotechnology will have a dramatic impact on ceunsaterials and will lead to completely new
Engineering disciplines. What a ride it has beertiiose last 50 years and the excitement and ingfact
new devices and technologies will continue forribgt half century.

KEYWORDS: The Main Frame Computer; The Slide Rule, Women igifgering, The Internet,
Nanotechnology;Energy Programs.

INTRODUCTION

When the transistor was invented in 1947 and Sputnik was launthi&b7, the impact
of these milestones would be felt in the Engineering Community dnamatically from
the 1960’s, through the 1990’s. When in 1958 Nobel Laureate Richard P. Feynman gave
his now famous speech “There’s plenty of room at the Bottom” to the American Physical
Society at Cal Tech, he predicted one of the most revolutionary chareyesrew
experiencing today. Nano technology is what he was talking aboutoand will affect
Engineering Education is at this point even unpredictable [1].

The author, who has experienced the events over the five decades pgrstaréithg as
an Engineering student in 1958 and having been an Engigdedincator since 1968 has
used the information from a paper published in 2004 about thet@9B®0 timeline, but
has shown the changes since 2000 that will or have influenced EmginEducation. In
addition to Nanotechnology, a rapid change in how we look at obtainingyefierg
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sources other than fossil fuels, will have an impact on courseEnigineering
curriculums, or will spawn completely new programs. We have coone tihe slide rule

as a computational tool to the point where the cell phone has the capability ofi a mai
frame computer in the 1960’s. Where in five years the phenomena of Facebook has gone
from zero subscribers to 400,000,000. Where the number of domsputers of the
Internet has gone from 4 in 1968 to over 700,000,000 now, ¥$ Engineering
Educators, have a responsibility to decide where we are headed, how ws@peamnd

how we can use the new tools to our greatest advantage.

Figure 1: Example of a slide rule: This one is a Pickett [2].

What a change from the simple device shown. Yes, one could multiply, digelé,og
functions, trig functions and LoglLog scales on this device, it wascomputer, our
calculator. Slide rules did not have decimal points so it was essential thahemdHe
approximate magnitude of the answer before it was put down on paper.

THE 1960’s

The space race was on and so was the Vietnam war. Many engindets up in the
service and many ended up in defense industries. As technologydafémse industries
and the space race leapfrogged this filtered down into the university wdtynand
computers used for mainly administrative purposes were now engadesl used for
student problem solving. Here were computers like the IBM 360 setdetharDEC pdp
series (The first ones that were not built for just special applications) thaupolarge
rooms which were air conditioned and could support various progirsgnlanguages.
The Fortran language was very popular for solving many probleatspteviously had
taken hours and hours of manual calculations. Now a complex foutth btesh could
be solved, where previously it was nearly impossible.

Although the use of mainframes as shown above increased the calculatiyngabdtly,

it was still a batch process with turnaround times of as much as 24. frunch cards
would have to be keyboarded and if one mistake was made, one ktadttall over
again.
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Figure 3: Punchcard as used with batch processing.

As the end of the decade approached and large scale integration becamen,ctiramo
minicomputer made its debut and many Engineering departments acquirelikartig
HP-2100 series. Large desktop calculators made their entrance, but the expetiseir

size made it prohibitive for students to own. Another computational lgeguwas
introduced. It was called BASIC and it made inroads into the exclusiveness of
FORTRAN, mainly because of being much more user friendly [10].

THE 1970’s

The Vietnam war was coming to an end , long hair was in , gaswigreslong during the
oil embargoes, students in colleges and universities were introducedsse to all kind
of drugs brought back by the Vietham vets. More and more dbabg boomers were
attending college and numerous new schools were built and especially rtirau@iby
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College boom was initiated. What was happening in the Engineering dred972,
Hewlett Packard introduced the HP-35 [9], which was followed vernktuiy the very
successful HR5. Both of them were touted as “Slide Rule Pocket Calculators”(Figure
5), and even though initially over $200 (Equivalémtabout $1000 in today’s money)
they spelled the doom of the instrument Engineers and Scientistsédoun centuries,
the Slide Rule. Other manufacturers like Texas Instrument quickly follewitchnd in
1980 Keuffel & Esser (Known as K&E) quit making Slide Rules.

Figure 5: Hewlett Packard’s Slide Rule Pocket Calculator [9].

HP calculators used reverse Polish Notation and employed LED displays initiaity
was quite hard on battery life and they had to be recharged veryrithgiéot only did
revolutionary changes occur in the area of personal calculationteupult in succession
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several single chip microprocessor chips on the market. Starting with Qe theé 8008
and the 8080 the path to more and more powerful devices and convpaselesd down.
The dizzying speed of innovation challenged Engineering departmentss the board
to rise to these challenges. New courses had to be created and others disedrded
especially in the Electrical Engineering curriculums some tough choices hadnade.
Power and machinery courses were the first ones to go and Commumazatises were
curtailed in favor of Digital Logic and Microprocessor and Thick and Tilim courses.
So much new and interesting design was happening in the ElectrigimleEring areas
that all of this new material just would not fit into the normal culdcuareas and the
Computer Engineering curriculum was born. In 1972 PONG wezdinced, and was an
instant success. The dawn of the computer game had arrived and geseshtmw
students would sit in front of their various game designs and pag thlames for hours.

For decades most prospective Engineers had taken Mechanical DrawingftingDr
Borne in the early sixties, a process called CAD (Computer Aided Desigas starting
to make another tradition obsolete. Using software that could drawimrisdte shapes
quickly and accurately and eventually in 3-D, would now replace therdyeboard, the
protractor and the mechanical pencil. CAD and CAM (Computer Aided Mauouifag)
would be the operational mode of all manufacturing companies. Software caurses
instructions to learn about PLC’s (Programmable Logic Controllers) were integrated into
various curriculums. It was not just Fortran anymore, but alaeguage called C had
made its debut, initiated by programmers at Bell Labs.

The cost of a slide rule was about $20, the cost of a good calculato®X®@mand the
cost of the next device would be from about $1000 to several thoDediads. More and
more powerful microprocessors, IBM’s development of the Winchester Hard Drive and
innovations in display technology resulted in the first useful Personap@em the
APPLE II. Displayed at the West Coast Computer Fair in 1977, it wouldtdeadoom
in personal computers which has not stopped.

Figure 6: Apple li Personal Computer Shown In 1977 [4].

Changes did not occur in just the computing field and the technolegieahtages for
faculty and students, but the makeup of the student populatercianging as well. In
1966 the number of females receiving BS Engineering degreesdfasut of a total of
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nearly 36000. In 1979 that figure had risen to 4881 out of aabtaler 53000. Even
though this was a phenomenal rise in 13 years, percentage wese still under 10%. If
one looks at the statistics of Ph.D. degrees the numbers are much8damales out of
a total of 2301 in 1966 and 62 out of a total of 2494 in 1979. indaflux of foreign
students has contributed to the totals above, some of the results weeiloeea skewed
somewhat. This would be especially true at the Master’s and Doctoral levels [5].

Undergraduate Enrollment in Engineering- Percent Female
Source; National Science Board, Science & Engineering Indicators-2000.
Arlington & National Science Foundation, 2000 &ppendix 4-33
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Figure 7: Women in Engineering Disciplines1979-1999 [6].

The total number of females enrolled in Engineering programs hasistayly constant
from the mid 1980’s. What has changed is this, the total enrollment has decreased and
therefore the % of female enrollment is higher. The number of fenealedled in
Engineering reached a peak around 2001 but then declined dradticalbout 16.4%
before recovering slightly to 17.2% in 2008.

Other more mundane changes brought about by again technological adwenedbe
use of copy machines that did not require carbon paper. Even tKeugk Corporation
had their first copier on the market in 1959, they did not appear & sobools until
the1970’s. It certainly improved the quality of preparing handouts and tests. At the end of
the decade Spreadsheet programs like VisiCalc, Lotus 1-2-3, Excebugedcalc came
on the market [3]. Each one initially targeting different typesep$@nal computers and
operating systems. Oh what a great labor saving device these applicatiamsogere
for faculty and students alike. Many problems could be solvied) tise built in functions
and one did not have to resort to writing programs to get a qoikeax. Keeping track
of grades was now so much simpler and getting final grade resulte a&nth of a
semester was a snap.

The continuous advances in all areas of technology gave rise tdaghksksnent of night
school programs. To keep up and to possibly better themselvgsamployees of small
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and large companies would attend courses in all areas of Engin€esinget a degree
this way would normally take as much as 8 years, and even tlitowgk a hard road to
travel, thousands would be engaged in the pursuit of thisteFheof lifelong learning
was coined and in order to stay abreast of a continually changirid, wanployees in
especially high tech companies would have to continually upgradedhasis10]

THE 1980’s

The innovations and progress in the 1970’s resulted in an explosion of products in the
1980’s. If one would categorize this decade from a technology perspective it would have
to be the decade of the rise of the personal computer. At least acdozpanies got into
the fray to sell computers to the masses and even IBM who wad@mtsa main frame
supplier got into the act in 1981 with its IBM PC, which was foddvby the XT and AT
Clock speeds were headed toward 20MHz and RAM was 512Kb. Justddiddk at the
APPLE I, it had a clock speed of 1MHz and a RAM of 4Kb. MangiBeering students
got their introduction into personal computing from the Commodoré\ggroximately
20 million units were sold and the best part of it was its price of dréi#00.
Engineering departments around the country were scrambling paukewith this frenzy
and computer labs sprung up for student and faculty use. Mahgrmfwere open for 24
hours and usually 1 or 2 proctors were assigned to each lab.

To keep up with the advances and the spiraling costs, tuitions iedraasecord rates
and some Engineering schools required their incoming Freshmenytdhbi own
computers. Along with computer sophistication came advances in all arelestobnics
and instrumentation. Up to date Laboratories were equipped with networkegniests
and results of experiments could be printed out, could be stored and ganédate
graphs and diagrams. In order to keep up, faculty would sprruth time to generate
equipment grants from private industry and from the National Sciengel&tion. Some
schools would employ professional grant writers to make sure thagttepart of their
equipment grant pie. Enroliment in Engineering schools was at amallkigh but as
shown before, female enrollments still lagged far behind. In the mid 80’s NSF sponsored
aggressive programs to remedy this situation. Women img&egng programs boosted
the total number to above 11000 enrolled. However since then thisenums been
fairly constant and in some cases has decreased.

Storm clouds were gathering at the end of the decade in the Engineeroliment area.

The baby boom birthrate bubble was about to burst. Lower &iethin the late sixties

and early seventies diminished the number of high school graduates in the late 80’s and
Engineering enroliments plummeted from a high of about 780QB&% to 62000 in
1991. Schools were scrambling to attract students with incentivesiofiz¥&inds which

of course usually meant good scholarships. All of a suddeseliees’ market had turned

into a buyers’ market. Programs were developed to make sure that once a student
enrolled they were kept in school, preferably in the department they enioll&dep
programs sprouted and Administrators looked unkindly at Engimeéaculty that had a

high failure rate in their classes.
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To list all of the advances in technology during this decade wouldtdakenuch space.
However there are a couple advances that should be mentioned. la p8&&rful Word

Processing program was introduced. It was called Word Perfect dinty changed the
life of thousands of secretaries but it had great impact on facutgtadents as well. At
about the same time another very powerful program was introdiicedhs called

MatLab and with its Toolboxes and practical approach to programmiag soon a
staple in many departments and industries.

One aspect of technology development will be left to the discussion ot#telecade.
The influence of these developments did not just affect the Emgigegommunity but
they have changed the world and its impacts will be recorded imyhetoone of the
major milestones [10].

THE 1990’s

It is the decade identified by Internet and World Wide Web. They are thetoniés
previously mentioned. Who could have perceived about 30 years eaHen the
Advanced Research Projects Agency, also known as ARPA was createfilqrthétose
humble beginnings a system would develop that has affected nead§ alimanity.
When one follows the development through the years from 18&figh 1993 the
following developments should be recorded. Packet switched netwiatie/IP,
INTERNET, ETHERNET, BITNET, USENET, CSNET, T1line, and the culminatbn
it all in 1993 as the World Wide Web (www) [1]. Thousands of Eegia and hundreds
of Engineering Departments around the country and the world astettlito get to this
point. In 1968, four Host computers were available, in 1993 there we@26,200 and
this was just the beginning. Figure 8 shows the exponential grofattost computers
from 1968 through 2010.

In the archives of Engineering and Science dozens of names amizatgpns would be
mentioned that were masterminding the development of the Internet. Omestemds
out above the rest, known to millions around the world. In the ashi¥ Engineering
and Science dozens of names and organizations would be mentioned that were
masterminding the development of the Internet. One name stands out hborest]
known to millions around the world. It is of course Bill Gates. Jusuglecof highlights
on the life of one of the major architects of the Internet. In 197%dgstio one of his
friends in prep school that he will make his first million by the timésHzs. Along with
a friend they develop BASIC programs for the Altair computer comdarning 1975 and
at the same time start the TRAF-O-DATA company. In 1976 Bill Gategsdoait of
Harvard to devote himself full time to a company that was incorporated in Nevesh
1976 as MICROSOFT. The rest of course is the meteoric rise of that corapdrits
founder and whoever turns on a computer today will most certainlthaeevell known
logo of Microsoft.
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Figure 8: Number of host computers over 40 years [].

The development of faster computers with more memory in both RAMhard drives
continued. In 1993 Intel put the Pentium processor on the market and the mid 90’s PC’s
were now running at speeds of up to 120MHz and RAM was up to 1BMk space was
up to 200Mb. Windows 95 was followed by Windows 98, which viaes tupgraded to
Windows 2000. Every time a new Pentium chip came on the marketraimskdoubled
or tripled from the previous design and we are now at about 3 GHmilarsstatement
could be made about RAM and Diskspace.

What were the effects on Engineering and Engineering Educationt\elé not just
the accessibility to all kinds of information at the click of a buttortieitdevelopment of
ever faster processors and the development of newer and better andafbsse that
affected not just Engineering Education but the whole University aptedge
community. Access to the most sophisticated databases was now paasible
presentations to large groups of students in networked computer lamebeommon.
Simulation of intricate designs was enabled by powerful software andmition
obtained through the Internet. Laptops are as common as calculators usecdnal
preparation of lectures and presentation could be done on the run. Distand@educa
started flourishing and E-Mail interaction was as common as telephonidgyr8phics
for animation and CAD were introduced and Virtual Labs could be usedainy
Engineering applications. Asking what the effects were and are, ibedtilj sorted out
and as we march forward into the first decade of the 21st century weewgllirprised by
the next innovation around the corner [10].

FROM 2000 TO NOW

If one were to put a general stamp on the 1st decade of theemtwry it would be one
of cell phone overload and mass expression masquerading as individuapresssin.
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How else would it have been possible to have a worldwide network like Facébook
Which did not exist before 2004 ), to go from nothing t0,800,000 subscribers in six
years. With Wireless available throughout the world, with very few dixgep one can

be as close to home and E-Mail information as is possible. The same thibg said
about the cell phone, which has changed from a phone to a sophisticatechsmpaiter.

Can your student’s text someone on the outside for the answers to your exam? Do we
have to put a Faraday cage around each classroom? Zip drives have stahiitiesap

of 6 Gigabits and approach the DVD as a storage medium.

Even though some of the above developments overshadow sontbe obther
technological developments, one wonders about Richard P. Feynman’s famous speech
about all of the room at the bottom. It was the Scanning Tunneling Migestaveloped
in 1981, which was followed by the Atomic Force Microscope in 1886would make
it possible to do extensive research into the world of Nanotechnoldagy0-8 meter,
one now is looking at atomic structures and once it was possible toalothkese
structures a flurry of activity commenced in the 1990’s but the real impact of
Nanotechnology has not been felt until a couple of years ago and it witjechiae way
we look at many areas in Engineering. Just about every majeersity how has a
Nanotechnology department and every week on ASEE’s First Bell, announcements of
new products, using nano-particles, is given. In 2001, the FedevelrBeent created
the National Nanotechnology Initiative (Recognizing the Importance of gikriology )
and in 2008 the NNI budget was 1.5 hillion.

o

Figure 9: The Author working with an Atomic Force Microscope at Penn-State.

It is not only Nanotechnology that is making news, changing ergimg curriculums is
demanding attention. Alternate energy sources, their developmenteandiability are
at the forefront of serious discussions in Engineering departmentad the world. How
can one fit all of this new information into present curriculums? bsipte! Even though
alternate energy is only about 7% of the total energy spectrum, it will certaimgand
a larger portion of the total energy pie in the near future. It isjusit Petroleum
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Engineering or Nuclear Engineering any more, but Biomass, Biodiebeln®, Solar
Power, Wind Power, Geothermal are pieces of the total energy mix. Cumgiitu
Energy Engineering seem to be the answer. If based on the sanmusigoath and
science background as any other Engineering program they stesidcessful.

CONCLUSIONS

It has been over 52 years since a young man (the Author) tradgbe campus of a
Midwestern University and enrolled as an Electrical Engineering student. Heoisl an
man now but has had one of the most exciting rides life has to offer anid¢he
continues. From the day buying his first slide rule to now beinglgésmlved with the
study of Nanotechnology and alternate Energy sources, life has beea afflmiv with
technology and innovation. It has been and still is an honor to be gimeEring
Educator and to try to instill in future generations the drive to makevtirld a better
place through Engineering. We have always been the ones thahiiemted, improved,
eliminated drudgery, made all advances in transportation, medicine, entertginm
communications, household chores, construction and many other areaswvithibut
Engineers and Engineering Educators would not be possible.

What exciting things does the future hold? For sure we will see monerfub
computers. Will clock speeds be at 10 or 20GHz? Will robots take oveaity areas?
Will we still teach in classrooms or will it be cyber education? Whatever the
technological future holds it will be Engineers and the ones that prépam to be
Engineers that will determine that future.
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DEVELOPMENT OF HIGHER EDUCATION IN JORDAN
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Jordan university of Science and Technoldgyid, Jordan

ABSTRACT: Higher education in Jordan has grown drasticalljthie last decade. The number of
students, teaching staff and universities has loegticated many folds. This study will focus on the
development of higher education components in gérerd the development of engineering education in
particular between the years 2000-2010. The stutlskow statistics about the government and pevat
universities indicating number of students, spé&atibns, and course programs given. The developmen
models of higher education components will be fdatad. The annual growth rates of higher education
components will be compared with population grovette. The relationships between number of students
and teaching staff will be graphically presented.

KEYWORDS: Higher Education; Engineering Education; Jordatiaiversities; Development Models;
Accreditation.

INTRODUCION

Higher education in Jordan falls into two categories: universities andnuooity
colleges. There are public and private institutions of both. Enrollment ratdgher h
education have risen dramatically over the last 10 years, today jest3085% of
Jordan's total population is enrolled at university, a proportiorpacable to the United
Kingdom [1].

Jordanian universities largely follow the Bachelor and Master systermachdbr is 4
years in most fields; Dentistry, Pharmacy and Engineering arer$, yéeadicine 6 years.
A Master study follows the completion of a Bachelor’s and takes 2-3 years. Teacher
education is part of the university system. All teachers must obtainfeeBgcsecondary
teachers must in addition pass one more year of study to obtain ther Bigihoma in
Education.

According to the World Bank report no. 46824-JO [1], Jostzends 0.4 percent of his
GDP on higher education. This amount counts for 14% of total educatpenditures.

The country has many universities compared to the size of the populatienper
250,000 inhabitants, which is no. 3 in Middle East and North Africa (MENg)on.
These rates are low when compared to other middle income countries and to th
Organization of Economic Cooperation and Development (OECD) average @&rtehp

of GDP. Government transfers to universities have declined from JDviigh in 2004

to JD 52.6 million in 2007 and JD 45 million in 2008 [1].
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HIGHER EDUCATION IN JORDAN
Evolution of Higher Education

The higher education in Jordan has started since the middle of the pasy.cBefore
that the students used to continue their higher education in other Arabi¢aaltt\Wide
universities. Higher education in Jordan started in 1951 with a omepgstsecondary
teacher training class [2]. The first Jordanian governmental; so called stptdl;
university was established in 1962 in Amman and was named "Jafdsersity".
Followed by Yarmouk university in Irbid in 1976, Mu'tah univirsn 1981, Jordan
University of Science and Technology in 1986, Al-Albayt Univergitiafraq in 1994,
The Hashemite University in Zarka in 1995, Balga Applied University in S&l98v,
Al-Hussein University in Ma'an in 1999, Tafila Technical University in280d the last
state university was the Germdordanian University which was established in 2004.
The first 4 state universities (Jordan, Yarmouk, Science and Technology and Mu’tah) are
considered relatively old, the rest which were established after the year 1986 are
considered new.

The idea of establishing private universities came into existence sinfe d8g which
about 16 universities were granted licenses and accreditations. Private univeesitiks ar
in the northern and central regions of the country where the popukati@mse. They are
Amman Private University, Philadelphia University, Al-lsra Universi#pplied
Sciences University, Petra University, Al-Zeitunah University, Jerasate University,

Al Zarga Private University, Irbid Private University, Educational ScierCelege,
Princess Sumayya University, Jadara University, Middle East Univefgitynan Arabic
University and Jordanian Academy for Music.

Article 3 of the University Law of 2009 summarizes the formal fumstiof the
universities as follows: to offer university study opportunities; to emgruiscientific
progress and serve the society; to provide the country with specialtdéenent fields;

to pay special attention to the Arab-Islamic civilization and spread its heritage; to
participate positively in international thought; and to strengthenrallaind scientific

ties with other Arab and foreign universities and scientific organizations.

Fields of Study

In order to fulfill their functions, Jordanian universities teach differaspects of
knowledge. In the year 2009, a total of 219227 Students at B.Sc levelistributed
among 20 fields of study [3] as shown in Figure 1. The &ghrows that 12.1% of the
students study engineering.

Non-university higher education is offered at Community Collegeghmvere created
in 1981 by converting and expanding the existent Teacher Colleges. Tikéggions
are meant to offer specialized, career-oriented training. All communitygesllare
supervised by and affiliated to Al- Balga Applied University, a Jordampahlic
university [4]. About 30061 students are enrolled in communitieges. Students in
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these colleges study 2 years before they awarded the Diploma dege@efidits of
study are shown in Figure 2.

14% - 12.1%

Percent of Bachelor Student

Figure 1: Distribution of Bachelor Students According to their Field of Study.
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Figure 2: Distribution of Community College Students According to their Field ofifstu

Governance

The Ministry of Higher Education was established in 1985 with a mandatenthaded
controlling the process of random pursuit of specializations bgtests and, rather,
coordinating specializations with the development needs of the countriic Ruobd
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private universities are governed now by the Law of Higher Educatiocordingly,
each university should have a university council, deans council, Yfaoolincils, and
departmental councils. The current administrative organization is as follows:

Higher Education Council (HEC)Legislation governing higher education in Jordan was
first passed 6 April 1980. This marked the formation of a council thatspand
coordinates higher education in Jordan and lays down its general policie€othisl is
chaired by the Minister of Higher Education.

University Board of Trusteeslordan Universities law (2009) state that each university
should have a Board of Trustees consists of 13 members fopahlit university and
15 members for each private university.

The objectives of higher education are to graduate students for the meaxjgower in
the various fields of knowledge, including sending studentddioyutside Jordan.
University Council: Jordan Universities law (2009) states that each unywsisiuld
have a university council, chaired by the university president. Itsheesrare: all vice
presidents; all deans; a member from each faculty elected by the fiacatiyve for one
year subject to renewal; the directors of two administrative unithieatuniversity,
appointed by the president for one year; three members of diffexekgrounds from the
local community, recommended by the president and appointed by the &oandstees
for one year; one student, selected by the president, for one gdasna member from
the university alumni, selected by the president, for one year. Thersityvcouncil is
responsible for developing general policy for the university; evaluatimgersity
activities and examining the president's annual reports; strengtheminglétionship
between the university and the public and private sectors; lodkitog university
regulations and plans; and preparing the budget for approval bytigher Education
Council.

Deans Council The deans’ council is chaired by the university president. Its members

include all vice presidents and deans. It is responsible for appointingrantting
faculty members; approving faculty sabbaticals and other leaves ehchsand
approving the curricula of the various faculties.

Faculty Council The faculty council is chaired by the dean of the faculty. Its lneesn

are all vice deans; heads of all departments of the faculty; a represefrativeach
department, elected by its faculty members for one year; and twaeqet members

of relevant experience to the functions of faculty from local societyiajgubby the
president upon the recommendation of the dean, for one year aadtsabenewal.
Department CouncilEvery academic staff member is a member of one of the department
councils, which form the basic unit in the academic structure of thersity. In the
department council, decisions are made with the participation of all members.

University Density

Jordan presently has 10 state universities, 16 private universitiegbant 6 million
inhabitants, corresponding to a university density of 250,00&bitdnts per university


http://looklex.com/e.o/index.education.universities.density.htm
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[5], placing Jordan as no. 3 of 22 in the Middle East and North Africa (MERNgion as
shown in Figure 3.

The information in Figure 3 is provided to illustrate the size and developsiage of
infrastructure for higher education. The information is only valuabledfluogether with

other information, simply because the quality of institutions and dizestitutions are

not reflected. For comparison, Sweden has one university per B8djibitants; and
Canada one per 410,000 inhabitants. Overall, the countries doing best in modern
development average at around half a million inhabitants per university.

As a general rule, high density can be just as negative as low détigityuniversity
density can suggest overstretch of resources, both human amcidin#t can also cause
each institution to become too small to provide enough force for cientiic
communities and research.

Low density is, naturally, a negative indicator to the extent that it reflestdficient
capacity compared to the population. For developing countries, a low dersjtybe
positive to the extent that not too many candidates are graduated for a feorktHi
limited number of relevant jobs.
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Figure 3: University Density for Middle East and North Africa Countrigsurce:
http://looklex.com/e.o/index.education.universitieasigy.htm).

DEVELOPMENT OF HIGHER EDUCATION COMPONENTS
Development of Universities

Universities are considered as indicators of the greatness and advancematibre.

They are looked at as centers of enlightenment and research and the incaf atitoineo
in its broad meaning: thought, literature, science and technology. Théofidsinian state
(public) university was founded in 1962. The last one was in.2Bfiate universities
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were granted permission in 1990. Since then; 16 private universityiarsity colleges
were established. The period between 1990-2005 has experienced a noticasthiengr
number of universities. During this period, public universities inl@orcould not accept
all applicants and because of this shortage a number of private univemsitiesd
financed by companies have emerged. Figure 4 shows the deeetopmnumber of
universities (public and private). It can be seen from the figuretifeanhumber has
jumped from 6 to 13 in one year (1991). That is because siatpruniversities were
licensed in that year.
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20 4 17
15 ~
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Number of Universities

1962 1975 1980 1981 1986 1989 1990 1991 1992 1993 1994 1997 1999 2004 2005

Figure 4: Development of Jordanian Universities.

DEVELOPMENT OF ENROLLMENT
Bachelor Level

During the last decade the number of B.Sc student enrollment in aftnian
universities has increased from 105813 in 1999 to 21927000.2This counts for an
annual increase rate of about 7.5%. The annual rate of increase in populatidingdco
the Department of Statistics [7] is 2.52%. Interpreting these results indicatesighat t
annual increase in enrolment is three times the annual increase itatpopuThe
estimated population of Jordan in 2009 is 5932130 inhabitants. Thepefenrollment

to population is 3.7%. Figure 5 below shows the growth histogiarmg the study
period. The trend model is shown on the figure. The model hefpedict the number of
students for future.
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Figure 5: Development of Bachelor Student Enroliment 2Q009

Graduate Level

The number of graduate student enrollment has increased fromr66999 to 17543 in
2009. The years 2004, 2005 and 2006 faced a jump in grastudies due to the opening
of 3 graduate studies universities and licensing for M.Sc progmraumthér universities.
Figure 6 shows the growth trend of graduate enrolment durmgsttidy period. The
development model is shown on the figure. The annual rate of increl34 %86 which
equals 4 times the annual rate of population increase.
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Figure 6: Development of Graduate Students 2009
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DEVELOPMENT OF TEACHING STAFF

Figure 7 below shows the growth of teaching staff in higher educastitutes during
the study period. The development model is shown in the figurearingal growth rate
is 5.1%. This rate is not compatible with that of student (7.5%). These rieslittste

that there is a shortage in staff members in Jordanian universities.
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Figure 7: Development of Teaching Staff 20@009

The student - staff ratio increased from 24 students/staff in the §6art@ 31 in the year
2009 as shown in figure 8 below. This increase is attributed tondwmpetitive rates of
increase in the number of students and instructors. The ratio fegedif between
humanities and science faculties. The Jordanian Higher Education Accreditatio
Commission specifies 30 student/staff for humanity faculties 20dstudents for
engineering faculties.
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Figure 8: Development of student- staff Ratio.
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DEVELOPMENT OF FOREIGN STUDENTS

Jordanian institutes accept on the average about 11% of their total enrolinfiemigrs
students, mostly from Middle East and Gulf countries. The averagalagnowth rate of
foreign students is about 8.5% which is higher than the total annualinsmt rate
(7.5%). This development is due to the higher level of education enérdroifered in
Jordan. Foreign students are attracted to private universities where tuitioneféaser
than that in neighboring countries. Some private universities have about f50firo
student as foreigners. Figure 9 illustrates the growth in numb@areifjn students in
Jordanian universities during the study period. The development mogtews) on the
figure.

y=1813.9x + 10113
R?=0.9966
x=year-2000

Number of Foreign Student

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Figure 9: Development of Foreign Students in Jordan 2P009Q

HIGHER EDUCATION IN ENGINEERING

All of the state universities include engineering faculties teachingerdift
specializations of engineering. Most of private universities do so. Tétefdiculty of
engineering was established in Jordan University in 1975.

Engineering faculties employ academic staff members which havers sngineering
knowledge and significant experience that is constantly improved by rims#arch
efforts. The Faculties are committed to excellence in teaching to achieve thdin aim
bringing forth highly trained and active graduates, with strongneeging and science
background and understanding through the progress of kilg, snnovation, and
ambition.

DEVELOPMENT OF ENGINEERING EDUCATION

As shown in Figure 1, engineering study is ranked numbenahg fields of study with
about 12% of the total enrolled student. Figure 10 shows the growthgineering
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student during the study period. The model that describes thishgiewhown on the
figure. The annual growth rate is 10.4%. Such a rate is higher thaotéheate of
enrollment (7.5%). The prosperous development in construction imrd@md in Gulf
countries during the last decade is the reason for this high reeise of oil prices lead
to a great investments and thus for high demand for engineers.
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Figure 10: Development of Engineering Students 2@T4-0

ENGINEERING DEPARTMENTS

The engineering departments within the faculties provide wide spectdiffefent
engineering programs. These programs satisfy social, regionain@umstrial needs in
Jordan as well as Middle East countries. Most universities have thedauentional
specializations like civil, mechanical, chemical and electrical engineering. The new
universities have more specializations related to the latest technology and teteomp
with industry needs. Such specializations can be found in the Germdanidm and
Balga universities. To fulfill the needs of the south part of the tepuwhere natural
resources exist, special departments; such as mining engineeringestaiéshed in
Mu'tah, Tafila and Al-Hussein universities. It should be noted that duatsto
specialization in Islamic heritage; the University of Al-Albayt has only emgineering
department called Islamic Architecture. Private universities have also established som
engineering departments to complete the shortage in accepting stildé¢rtannot find
places in state universities.

ENGINEERING CURRICULUM AND TUITION FEES
A range between 141 to 166 credit hours is required from thenstuderder to obtain

the Bachelor of Science in Engineering in Jordan. A period ofy@as is normally
enough to finish the requirements. The requirements are divided ie® thtegories:
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university requirements (about 16%-18%), faculty requirementsu{ab5%-20%) and
department requirements (60%-70%). University requirements cover taated to
general knowledge including a variety of humanity courses and othesesooffered by
different faculties in the university. Faculty requirements implysesineeded to prepare
the student for engineering such as mathematics, physics, chemistrgoanmiiter
programming. Department requirements cover the core engineering desigas.

Study costs comprises of two parts: a) cost of living b) tuitems.f Cost of living
depends on the regional location of the university and the staofiivithg required. As

everywhere in the world; cost of living increases as the univegsty closer to the
capital. University fees implies mainly fees for credit hours and feesnsurance,
computer use, library, services and other fees payable per each semgsaer drees per
credit hours consists the major part of tuition fees. These fees depetit type of
university (state or private) as well as the type of specialization. ong the cost of
credit hour of engineering ranges between 20-40 JD in state utegersvhile it is

higher than 100 JD in most of private universities. Not all branchesgineering are
alike in credit hour fees. The cost of credit hour in one engineerindfyfazan differ

according to  specialization. For example the cost of credit hour of civilesrgng in

Jordan University of science and technology is 29 JD while the dostudear

engineering in the same university is 60 JD.

GRADUATE STUDIES IN ENGINEERING

Pursuing higher education in engineering is available in state universitiesPoivate
universities are not accredited nationally to offer graduate degrees ireemgn

A score of 500 in written Test of English as a Foreign Language (TOBRd)a GPA of
GOOD or higher are two conditions for admission in graduate studyyatiraversity.
Conditional GPA of PASS may be accepted. Graduate studies at the Master lével exis
state universities. Higher degrees at the Ph.D level can only bedoffethe Jordan
University of Science and Technology in Irbid and Jordan Univeirsiymman.

Table 1 shows summary of higher education elements developmethteaindnd models.
SUMMARY AND CONCLUSIONS

The paper contains information about higher education in Jordareskrgrcomparison
of higher education in Jordan with other countries in the region. déepts also
information about fields of study, higher education governancepanents and growth
rates. Engineering education statistics and trends were given special attention.
The following conclusions can be withdrawn from this study:

1. Jordan has a high University Density among the Middle East and Naitia Af

region; ranked no. 3 after Lebanon and Bahrain.

2. Higher Education components are growing faster than the population rates.

3. Teaching staff growth is not compatible with number of students.

4. The demand for engineers is very high compared to other fiekisiay.
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Table 1: Summary of higher education development

Higher education No. in year No. in year Annual growth Trend model*
component 2000 2009 rate
Jordan Population 4687500 6000049 2.5%
B.Sc students 105813 219277 7.5% y=12929x+06734
Graduate students 6670 17534 10.15% y=1355.8x+5100.3
Staff 4602 7613 5.1% y=357.7x+3974.8
Foreign students 12328 27871 8.5% y=1813.9=10113
Engineering students 11494 30163 10.4% y=2160x+8339.9

* x= year2000
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ABSTRACT: Itis clear that advancements in science and téohnaive rise to develop specializations
and change their types. It also causes theseadigations to interfere with each other. By fotigsbn
large scale projects, it can be realised thatfiertence of specializations become an important iiond
and not a temporary case that may vanish by entiegnultifarious project. In fact, matters become
more complicated once a technical or scientificjgmbis planned whether they are limited in their
involvedness or boundless. From this point of vidlae need arises to provide persons who are
specialized with more than one field of special@atas well as computing abilities and foreign
languages as well. According to the personal éepee of the authors in collecting more than one
specialization and making use of these speciatimatequally, in addition to the large number ofeoth
persons having equal abilities, it was found thaisi necessary to focus on this issue of multi-
specialization and show its advantages and suggesiesign the proper educational and scientific
procedures to achieve this aim. One way of achigw practical procedure to provide a multi-
specialized engineer, for instance, is to create s@entific departments or develop traditional ote
acquire the required specializations. This sotutiave been well established in famous universsiieh

as Michigan University and Wellington Institute of Tieoclogy as well as normal level ones, such as
Nahrain University and University of Technology whenew departments were established and the
students were graduated from these departmentg; (eLaser and Optoelectronics Engineering,
Mechatronics, Biomedical Engineering, Engineeringsats, and others). Our main theme here is to
focus in depth on these important experiences deroto expand it to include most of our universitie
within the Arab countries and give reasons of thpdrtance of adding or collecting some specialiresi

to one person to be a multi-specialist in certahié. Also the research will focus on the necgssithe
society, represented by industrial projects or sirscientific research centres, and even univesstt
this kind of multi-specialists.

KEYWORDS: Contemporary Issues and Engineering Educatiostawable Development Educatjon
Emerging New Trends; Knowledge Tacit Dimension; filagent SystemsMultitalented Engineering.

INTRODUCTION

As an overview to the Arab academic society, until recently, when a new db
department is suggested, it may face some opposition from Unwé&sdrd; (e.g.:
Computer related departments including IT). What matters here is not thef takey
department but rather the contents of its courses and the directiceseafches that it
will lead to. If we consider Engineering Faculties, in specific, it maynbticed that
number of departments that have more than a specialization have betruated
successfully in number of Foreign as well as Arab Universitiesthinrespect, case
studies presented here will enhance the importance of multi-specializatipersonal
level and in general. Focus will be on practical experiences in this respectpaphis
will discuss multi-specialization as a future requirement using a broauethat projects
become multifarious and requires interference of specializations. Case stydigesdex
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will show how Academia is investing this mubkpecialization issue optimally.
Examples from Germany, USA, New Zealand and Japan [1-4] were.g

Personal experience of the authors inspires the idea of producing this resPakciof
the authors holds two higher degrees in two fields [5,6]. Ther @uthor holds a higher
degree in two fields also [7,8]. In addition, both authormfarteamwork based on their
background experiences [9,10].

The roll of a multispecialist engineer arises when establishing a multifarious project and
does not end by the end of the project. Also systems based omiteoropntrol and
robotic applications require large number of specialists to provide such tbolfact,
examples of nowadays technology are endless in this respect, whies mhacision-
makers to think seriously about providing such masfiiecialists, in particular, if it will

lead to increase the opportunity of job finding.

PROSPECTS ON DEVELOPMENT OF EUROPEAN AND GERMAN
UNIVERSITY EDUCATION

In the global world of today, the development of whole regions andties depends on
some crucial factors. Accordingly, European countries, and especially in Berena

focusing their efforts on developing their educational systems. Tlay t@ provide
excellent education for their students giving them better qualification eamd job

opportunities.

Challenges for Multi-Specialization of Engineering Education

Due to the growth of the global population up to 10 billion during ¢kistury, several
socio-economic challenges arise. The worldwide energy consumption wélagesrwhile
the environmental conditions deteriorate because of climate changes. Theséaiety
will need more renewable technologies such as for food produdti@msport and
exchange of goods and information. Urbanization will increase, as well psritentage
of people living in mega-cities.

This will require different technological solutions. To handle these problarhggher
number of multi-disciplinary scientists and engineers will be necesdaeyefjuirements
and competition in global education will get stronger. Since international compaeies
multi-specialist and internationally educated engineers, cooperation in wiadeld
education will be more important. Thus, engineering educatiorediithre requires not
only the best knowledge of facts and methods in natural sciencesngimeering, but
also a broad expertise in social and language skills, team-working in inteahafioups,
and understanding of other cultures.
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ACTIVITIES OF THE FEDERAL GOVERNMENT IN GERMANY
Partners for Innovations

The German government has launched a number of initiatives in orgeonwte a
culture of innovation and education. One initiative is called "Partnermiiovations".

More than 400 experts from German blue chip companies and institutienackitech
(German Academy of Science and Engineering, Germany) or the Fratn@msellschaft
worked in 15 initialization groups on concepts for a new innovatidtureu This

initiative included a foundation to support technical startups with a voddra@0 million

Euros. In total, more than 100 single projects in nanotechnolegewable energy,
health care, transport and other fields have been supported andnecdations for
actions will be given to the Federal Government, industry, and universities.

Another initiative is the so called "High-Tech Strategy”, which aims at expgndin
cooperation’s between universities and industry. It supports 17 future fields of high
relevance or with high development potential (e. g. logistics, optics, laseritysend
healthcare). The funding is 15 billion Euros for top level technolagd service
infrastructure until 2009.

The Roll of German Universities

The most prominent development in the German academic landscapé Exzbbenz-

Initiative". It was found in 2005 with the aim of increasing twmnpetition among
universities, and thus to achieve a higher competitiveness on the global leweitran
funding of 1.9 billion Euros until 2011 will be provided. THisding is divided into
three fields. One field consists of the elite universities, which currentlyrdye3p but

will be 9 or 10 by the end of 2010.

Another field consists of the 40 graduate schools, situated at diffestitttes. The last
field consists of 30 clusters of excellence, which means the fusimstafites working
on bigger projects.

DEVELOPMENT AND INTEGRATION OF MULTI-SPECIALIZATION
SYLLABUS FOR ENGINEERING PROGRAMS

In this section, a study of the multi-specialization syllabus is intratdudewill depend
on Conceive-Design-Implement-Operate complex (CDIO) [1] model withediation
standards in Europe country. As an independent check on the cemgiuemess of the
CDIO Syllabus, it was compared with generic skills needed by engiinefére different
career tracks. The generic skills applicable to all tracks include:

e Engineering Reasoning and Problem Solving,
e Personal Skills and Attitudes,

e Professional Skills and Attitudes,

e Multidisciplinary Teamwork,
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e Communications,
¢ Communications in a Foreign Language, and
e External and Societal Context.

There are at least five professional tracks that engineers can and must doltovding
to their individual talents and interests.

The tracks, and sections of the Syllabus that support them, are shdvigure 1. Of
course, no graduating engineer will be expert in all of these potential, teaks$n fact,

may not be expert in any. However, the paradigm of modern enigipgeactice is that

an individual’s role will change and evolve. The graduating engineer must be able to
interact in an informed way with individuals in each of these traeksl must be
educated as a generalist, prepared to follow a career that leads to any one or an
combination of these tracks.

It can be said that this syllabus was followed partially by number oadays experts,
way before the creation of it, when they join team works ofigiaate in specialized
training courses or follow any individual tracks presented in this sidlabBut, as a
procedure to be followed, it seems to be systematic and well organized toldrefar
creating a multi-specialist engineer.

In this context, new departments at universities have been created aapbddwduring

the last two decades. These include, and not limited to, Mechatronics, Biomedical
Engineering, Laser and Optoelectronics Engineering [11]. They wédtebeording to

the academic requirements and have their own syllabuses. Large noingtedents
graduated from these departments; giving the proof that multi-spe¢@aljineer does
exist, in addition to that they do exist in Arab Universities. Appendpir{Aeference [2]
provides a good example of the kind of knowledge provided by sudti-specialized
departments at Michigan University.

CASE STUDIES

Based on this background, it becomes possible to discuss somstuadies in depth to
examine the idea of multi-specialization on the ground.

Computational Intelligence

A Coordination Perspective addresses and comprehensively answers cprasied
guestions about coordination in agent-oriented distributed systemsac@dnaing the
stateef-the-art research in the field of coordination with regard to the developrhent o
distributed agent-oriented systems is a particularly complex endeavdre apdce of
available approaches is indeed considerable, and research is independentijecoinca
great number of domains.
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A professor inComputational Intelligencsaid in his book about students attending his
course orintelligent Muti-Agent Hybrid Systemast Wellington Institute of Technology
[3]: “They were really pleased to become familiar with the Intelligent Technologies and
with some typical competitive software, such as Neural Network Professidfius and
Soft Computing Gettic Tool”.

f \ * Experimentation an

Knowledge

“*Engineering Discovery
Reasoning and
Problem Solving

Researcher

* System Thinking

* Conceiving and System Designer

«»Personal Skills an

Attitudes EnSglgti?Trgg
“»Professional Skills Y
. and Attitudes Device / Process
“Multidisciplinary + *Designing — Designer or Developer
Teamwork * Implementing —
“»Communications
Product / Process
«*Communication in *Operating — Support or Operations
Foreign Language — Engineer

«External and ;
Societal Context Entrepreneurial

*Enterprise and Engineer or Manager

Business Context| =
Figure 1: Professional engineering career tracks implicitly identified in the multi-
specialization syllabus.

Smart Grid

The US Department of Energy gives a definition to Smart Grid that it integrdtesced
sensing technologies, control methods and integrated communicationsergaiskting
electricity grid [12]. Taking the Smart Grid as an example is due to the foee¢ke
power engineer who works within this system is to have rabltities and talents in
addition to the solid technical information. Smart grid includes, in addition tempow
engineering, enough knowledge in control, communications, seasdrdnformation
technology. It is prospected that the future grid is a smart grids ifiplies that the
future power engineer should raise his knowledge level with these maiitib subjects
through advanced training courses for optimal operation. Here, it cainglgested that
two types of multi-specialized engineers, one in power, control awdmelectronics and
the other in electronics, communications and information technology, are te& dfp
engineers required to run the smart grid.
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Organizational Receptivity

This example is to discuss which factors can be seen essentially affecting a company’s
learning ability through its organizational receptivity in inter-organizatiénawledge
transfer [13]. This will be done by developing a typology of theofac affecting
company’s organizational receptivity (and absorptive capacity) of new knowledge in
inter-organizational knowledge transfer. Yet, only after the pre-conditionsthior
cooperation are created, it is the individuals’ abilities and the organizational culture that
can essentially affect the outcome.

Before exploring the concept of organizational receptivity further, on¢ umaerstand
the web of interdependencies affecting an organization’s ability to learn as shown in
Figure 2.

Next a typology based on a literature review about the antecedewiganizational

receptivity will be presented (Hamel 1991 [16] among other referencke)edsential
factors are presented in Figure 3.

SUPPORT STRUCTURES POWER BALANCE &
3 MUTUAL TRUST

N 7

ABSORPTIVE
CAPACITY

ORGANIZATIONAL DOMINANT LOGIC
N RECEPTIVITY _ - -

Figure 2: Determinants of absorptive capacity in an inter-organizational knowledge
transfer contexBased on Minbaeva et al. 2003 [14]; Lane et al. 2001 [h6ing other
references)

Organizational Receptivity

Prior Related Knowledge
- Shared Identity >

National Cultures
7 Organizational Cultures

Figure 3: Typology of organizational receptivity
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Managing Knowledge Work

In this work, the exploratory nature of knowledge creation and sharactice in high-
technology industry is investigated [4]. Traditional approaches in knowledg
management focus on the storage and retrieval of knowledge, butam®y address the
tacit dimension of knowledge process. Using data gathered at three semioondu
manufacturers in Japan and Korea, we examine the social processdschyexpert
teams cooperate across team boundaries despite differing points of vidimgesom
increasing team specialization. Three engineering teams are studied: dexigaspand
process integration. They are responsible for trouble management pnothection of
dynamic random access memory (DRAM), a class of integrated circuit semnitond
devices. Trouble management is the handling of problems that requiceatory, yet
routine problem-solving practice. The findings suggest that the crucial clelieng
achieving effective control of the knowledge management process regtssti@tegies
for collecting and classifying relevant problem/solution information. Rathés in the
management of “problematization”, a political process involving the articulation
behaviors of different teams of engineers.

SUMMERY AND CONCLUSIONS

Advancements in science and technology cause interference of specialiratiarge

scale projects which seems to be assorted. After a meticulous $tindgredependent
specializations, number of suggestions arises. According to the availalile s@me
universities were keen to build-up new departments that contain pettiadization in
their programs, which idea is encouraged by the authors. Alsmith#re CDIO model
for development of multi-specialization syllabus for engineering prografhis is also
encouraged and wishes that it may be certified by Arab officials. Numbereostabes
is given to prove the proposal of providing multi-specialized engirfeefature vision.

Due to the global changes, education has gained strategic importance. hi is t
responsibility of the academic society to attract young generation to techniczhtanal
sciences. Competition and cooperation in worldwide education is consiceressary.
Innovation plays a dominant role in all current activities of all countBegiineers can
play a leading function in the future if they are not only technical expattalso have:

e International education,

¢ Interdisciplinary and multi-disciplinary edification, and

e Open minded perceptions with the capability to understand other cultures and
society's needs.

The National Academies can be the key players in consulting govemsnasd
universities for the successful transition to a knowledge-based ecamhspciety.
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ABSTRACT: This paper discusses a procedure for performinigtailed review of the strengths
and weaknesses of a modern academic program. Mewdeads to identification of points of
concern and produces a set of corrective actionmpsove the quality of the program. The paper
will use the review of the Computer Engineering graom at the University of Sharjah as a case
study to highlight the success of the review praced The paper will summarize the review
procedure, as well as the findings and recommeaordatdf the case study.

KEYWORDS: Academic Program Review; Computer Engineering; glam Strengths and
Weaknesses; Curriculum.

INTRODUCTION

It is well-known that modern academic programs need to be contiguevsewed and
adapted to dynamically changing job markets, economic situationscamgpeting
disciplines. Therefore, this paper presents a procedure for perfoardietgiled review of
the strengths and weaknesses of a modern academic prograpro@éaure consisted of
the following steps: a detailed internal review by the program’s faculty, a set of current
student surveys, and a set of alumni surveys. The review andystgsults were
analyzed and a set of preliminary findings and recommendations were edbt&in
preliminary report was drafted and sent for review by external topic texgéreir input
was used to guide the drafting of a final comprehensive report whistthen reviewed
by the required internal committees and boards before going into implementation.

The paper uses the Computer Engineering (CPE) program at thersityiwf Sharjah as
a case study. The triggering point for conducting this review canulvenarized as
follows. Since its inception in 1997/1998, the CPE program wittkassteady and swift
increase in student enrolment until 2002/2003. In fact, the CREgmowas perceived as
the most attractive program offered by the University of Sharjah. $ta2003/2004,
however, there was a continuous decline in the number of incomidgnssuinto the
program over a number of years. Typical of the MENA (Middle East anthMdrica)
region, top-ranked students tend to favor medical studies.efbiner the decline in
student enrollment was initially attributed to the inauguration of a gojumedical
colleges at the university in 2002/2003. This coincided with the effetiteofnternet
burst which started in the West around 2000, but had a delayed efféoe AENA
region that materialized starting in 2002. Another significant developrhanhaffected
the size of the incoming Computer Engineering class was the 2@@H28uguration of
the Architectural Engineering program at the university. Yet again, @nsgemingly
more attractive program was on offer and newly graduating bidiool students
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migrated towards it. All these factors motivated the CPE faculty to coraddetailed
review of the program with the objective of reviving the CRBgmm, keeping it
attractive, and improving its student enrolment.

The findings of this review can be summarized as follows. The gmogenjoyed
strengths relative to the quality of its faculty, the support of the adnaitiis), modern
infrastructure, a solid technical core, and desirability amongst the studertse Other
hand it suffered from weaknesses relative to program identity, stumgculum
deficiencies, and global market effects. The review produced recommendsdions
highlight the program’s identity through a clear definition of focus areas related directly

to career prospects, realign the curriculum with the internationaléedgrpon Computer
Engineering Body Of Knowledge, and define the desirable characterisfigkiad hires
into the program. Most of these recommendations have been put iplEmentation
according to a timed action plan.

Research papers that discuss academic program review procedures do exisl,,4ée
4]. This paper describes an alternative procedure, which has proven tdale Sior

implementation at the University of Sharjah. The main contributiomiefdaper is the
use of the CPE review at the University of Sharjah as an illustresisey study.

The following section describes the details of the procedure used to conelUCPEh
program review at the University of Sharjah.

PROGRAM REVIEW PROCEDURE

The CPE program faculty went through a detailed comprehensiiew of their
program. The objectives of the program review were to improeeptbgram in the
following areas:

e Student enrolment

e Teaching and learning

e Research and scholarship

e Community service initiatives

The review process was conducted in a phased manner; it went throeghal seajor
phases (and iterations through some of the phases).

1) Phase |- Data Gathering:

The committee supervising this phase was comprised of faculty mefd@rshe
Computer Engineering program and a faculty member with expearntgecesses as
an external advisor. This phase concentrated on collecting evaluative inpuinggard
the program. Input was sought from:
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2)

3)

4)

5)

e all faculty members in the Electrical and Computer Engineering Department
through a formal questionnaire and a set of interviews;

e representatives of the undergraduate student population through arainform
survey;

e the alumni of the program through an email survey; and

e investigating the global trends in Computer Engineering studentsemgl
and the Computer Engineering job market through resources dwailab
the Internet.

Phase II- Data Analysis and Preliminary Recommendations:

This phase concentrated on evaluating the results gathered in phaskotifging
areas of concern and drafting a set of recommendations to address tlcesescon

Phase Il — External Review:

This phase started with soliciting external input on the report of phas®twaain
experts from several leading universities representing different higheatextu
styles were retained to render their input on the program review prdicebsgs,

and recommendations. Experts were solicited representing American, Canadian,
British, French, and Australian higher education institutions. Eaulewer was
requested to prepare a short report appraising the overall processarddtees as

well as contribute his/her own recommendations. The outcomes and
recommendations of the review were also presented to the Program #dvisor
Committee (PAC), which provided useful and constructive feedback.

Phase V- Detailed Action Plan:

An internal committee was convened to appraise the external reviews amdineter
how to incorporate them into the overall review. The findings efttevious phases
were compiled into a plan for implementation. The plan was drafted to be
implemented while the program was in operation. Some changes wenegbléor
immediate implementation on students currently in the program. Thesweh
necessitated drafting contingency plans for students progresghod-sync with the
main student body. Some of these outliers were ahead of their mates white oth
were lagging behind. Specific plans were drawn to ensure minimuersedeffects.
Major curriculum changes were planned for implementation only oyrieeoming
students.

Phase V- Approvals:

Once the review was completed and the plans were drawn, the entire package was
sent through the appropriate academic approval process. The coordin#tiarthve
department was quite strong throughout the process. This translatedfast paced
approval process within the department. The coordination outside the ndepiart
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was slightly less which necessitated a slightly lengthier approval cydie abliege
and university levels.

FINDINGS

In what follows, we summarize the findings of our GRtegram review.

Strengths

The strengths of the program can be summarizelderdllowing points:

1

2)

3)

4)

5)

Quiality of the faculty:

One of the main assets of the program has been its faculty. Tlty faeubers of
the computer engineering program are all very well qualified, western edwutated
reputable institutions, and most have significant relevant industrialierper The
faculty’s dedication to the success of the program was actually the triggering point

for the entire review process. Students have always indicated thaiy satisfaction
with the teaching effort and some have indicated that the reputatithve daculty
was amongst their points of attraction to the program.

Support of the administration

The administration of the university had always recognized the isigmile and
desirability of the computer engineering program amongst the stpdeatation.
They have provided the necessary means of support for theaprognd had
indicated strong willingness to back the program with required resource

Modern infrastructure:

The University of Sharjah as a whole enjoys the benefits of a Wiery lsistory. The
facilities are built following the latest modern designs, the infrastructutatisos-
the-art, and the equipment is tgpdate and offers excellent educational
opportunities. In addition, adequate information technology (IT) ressuace
prevalent allowing the students access to the latest information bothy lacall
internationally.

A solid technical core:

The existing computer engineering program is quite rigorous dvasied on a solid
technical core that covers all of the required aspects of the computeeeagin
body of knowledge as identified by the IEEE (Institute of ElectricalEedtronics
Engineers) and ACM (Association for Computing Machinery) societies. The
program is well grounded culturally and scientifically and offers tivelent a
thorough introduction to the Computer Engineering field of study.

Desirability amongst the students:

While the size of the student body was reducing, the programstilagjuite

desirable amongst students. The program was still attracting a reasomcainiéng

class for sustainable operation. The program was attracting top-rankedtstatia
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rate similar to the rest of University of Sharjah (with the exceptiothe medical
colleges).

Weaknesses

Although the CPE program enjoys some strengthsdfasussed in the previous
subsection), the review indicated that the prograiffess also from weaknesses,
which can be summarized as follows.

1) Self-identity problem:
Through formal and informal interaction with current and past CPE dg8jdién
became quite clear that a leading concern is the vague self-identitg @@RE
program. CPE students could not identify a specific factor that differentreges
entirely from Computer Science (CS) and Electrical and Electronics Engineering
(EEE) students. The weakness in self-identity manifested itselfiditional issues
related to the focus areas and career prospects of the CPE pragnaanticular,
students did not understand clearly what the focus areas and margmects of the
CPE program were. In fact, the EEE program attracted more studeaisse it was
perceived as being more diverse, rich and with wider career prospects.

2) Curriculum deficiencies:
Some important market-relevant courses that would be beneficial to the CPE
graduates in their future careers were lacking. Some basic CPE topics were not
covered by the curriculum. That further weakened the self-identgyuoients going
through the CPE program. Some of the courses needed to bfethadi become
more suitable for CPE students.

3) Global market effects
It is well-known that the job market goes through cycles of peakkvalleys. In
fact, Computer Engineering and Computer Science programs, botmalbgiand
globally, are experiencing the problem of declining student enrolfggnthis fact,
however, does not imply in any way that there is nothing weloaissentially, this
review was conducted to determine the appropriate corrective actions that can be
enacted.

RECOMMENDATIONS

In light of the above-mentioned analysis, the pamgrreview led to a set of
recommendations (corrective actions) that can Inensarized as follows:

1) Focus Areas and Career Prospects:
The conducted review indicated that, typically, students did not have a clear
understanding of the focus areas and career prospects of thpr@am. In fact, it
is crucial to clearly identify the diverse and rich CPE focus areas amiqgepects.
Otherwise, we would not be able to convince students to join the Giffapr.
Towards this end, the following focus areas have been identified.



DEVELOPMENT AND REVIEW OF ENGINEERING EDUCATION 334

ohrLONE

Communications and Networking
Information Security

Computer Systems Architecture
Embedded Systems

Integrated Circuit Design
Software Engineering

In fact, most of these focus areas appear in the existing course ti@scB8pudents,
however, are not educated enough on these focus areas, and theirt rglevan
prospects. Therefore, the review strongly recommended communi¢h&nGPE
focus areas and career prospects to prospective students, curdemtssiand the
community at large. This can be achieved through presentations, brochdres an
targeted school visits. In addition to identifying the program’s focus areas, it is vital

that these focus areas are clearly linked to their respective career probpects.
particular, Table 1 shows the linking of CPE focus areas to theieatdsp career

prospects:

Following the recommendations of the review, an article that clearly igsntife
job prospects of the CPE program was published in the “University Forum”
magazine to educate existing students who tend to pass informatiogtttword ef-
mouth to their siblings and relatives [6].

Table 1: Linking of CPE focus areas to career prospects

CPE Focus Areas

Corresponding Career Prospects

Communications
and Networking

Information
Security

Computer Systems
Architecture
Embedded Systems

Integrated  Circuit

Design

Software
Engineering

Computer engineers design and build faster and more semuaraunication
networks, network protocols and network applications.

Computer engineers design and implement cryptography misofs
protocols, software and hardware systems to protect tbnét and
information systems from hostile attacks and security threats.

Computer engineers design and implement modern computemsyand their
various components, e.g., processors and memory.

Computer engineers design and build embedded hardwasofiware
systems for airplanes, robots, smart appliances, mobile phones, pfedirs,
...etc.

Computer engineers design smaller and faster chips for cormpuig mobile
devices.

Computer engineers design and implement software fonkttsearch
engines, gaming, mobile devices, multimedia applicatiamd,medical
imaging.

2) Curriculum Change:

The review helped CPE faculty realize that the current program isngissime
important courses. These courses can be summarized as follows.
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e Technical elective in Communications and Networks
o Computer and Communication Networks Il
o Wireless and Mobile Network Architectures
e Technical electives in Information Security
o Computer and Network Security Il
e Technical electives in Computer and Embedded Systems
o Human-Computer Interaction
o FPGA Design
o Robotics
e Technical electives in Software Engineering
o Mobile Computing
o Atrtificial Intelligence
o Elective courses of general interest
o Entrepreneurship
e Basic CPE courses
o Algorithms
o Database Systems
o Computer Systems Laboratory

In addition to the above-mentioned courses, the review recommeiifying some
of the existing courses as to become suitable for CPE studentsex&wple, the
review recommends dividing the course “Introduction to Electrical and Computer
Engineering” into two courses:

e Introduction to Electrical Engineering; and
e Introduction to Computer Engineering

Furthermore, it was reaamended that “Introduction to Computer Engineering” be
taught mostly in the laboratory as opposed to the classroom. In partituigr,
envisioned that, through this course, students will gain handspemience in:

e assembling a computer (which was demanded by many of our alarti@ i
College of Engineering Alumni Day in May 2007);

e building a computer network; and

e writing a software program.

Finally, the review noticed that the CPE graduate lacks some software(skills
programming in a certain language) that cannot be taught througimal foourse.
To close this gap, the review recommended reinforcing the students’ programming
skills through:

e summer training provided on-campus;
e course projects; and
e senior design projects.



DEVELOPMENT AND REVIEW OF ENGINEERING EDUCATION 336

3)

4)

Program Structure Change:
The most important recommendation of the CPE review was to add
tracks/concentration areas to the CPE program. Note that a CPE progtam w
different track options is adopted by, e.g., the Royal Institute ohritdagy in
Sweden (KTH) [7]. Our CPE review recommended offering the folloviduy CPE
tracks.

1. Computer Engineering Communication Networks

2. Computer Engineering Information Security

3. Computer Engineering Computer and Embedded Systems, and VLSI

4. Computer Engineering Software Engineering

Notice that the above tracks are strongly linked to the CPE focus ardasareer
prospects. The CPE program with different track options can bkernmpted as
follows:

o A “basket of electives” is to be identified for each track option.

e To complete the CPE degree in one of the above-mentioned trhaeks, t
student needs to take at least a required number of electives from the
relevant “basket”.

e Students may choose to complete a CPE degree without a specific track
(similar to the current format). In this case the student can take ekctiv
from different ““baskets" without necessarily completing the majofity o
electives from the same “basket”. This can be considered as the general
track that complements the four above-mentioned tracks.

We believe that the CPE program with different track options as describee laks
the following advantages:
e Strengthening the students' depth.
¢ Maximizing the program flexibility.
e Clearly identifying the CPE focus areas. Thereby, students wealize
that the CPE program is diverse, rich and offering many cutting-ealiger
prospects.

The committee recommended mentioning the track (completed by thetdimal¢me
student's transcript, but not on the degree certificate. The degree mautteremain
Bachelor of Science in Computer Engineering. In fact, this is thwlatd brand
name used in the vast majority of institutions (with a few exceptiondiiwade.
Our recommended CPE program with different track options will all@wtal
maintain the standard degree name, and still highlight the attractivehebe
program and its diverse job prospects through the track names.

Faculty Recruitment:

Our review recommends recruiting top faculty members with teachithgesmearch
experience in the new tracks and focus areas; and/or industrial egpeften
communicate to our students the CPE job prospects and job experierdle); an
excellent research record (or potential, to nurture the program's research activities).
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SUMMARY AND CONCLUSIONS

This paper presented a procedure for performing a detailed review efrémgths and
weaknesses of a modern academic program. We used the review Gbriguter
Engineering (CPE) program at the University of Sharjah as a stadg. The paper
summarized the review procedure as well as the findings of the cdge stu

The main recommendations of the case study focused on issues teltgadhing and
learning, as well as marketing/student welfare. We believe that these areas will have an
immediate and tangible impact on improving the student enrolminat ultimate goal of

the case study. Note that some recommendations, e.g., identifying eantisaty the

focus areas and career prospects, some curriculum changes andrécultgnent, were
already implemented. Some other recommendations, e.g., introducitrgtkeoptions,

need more time to be implemented. To gain better visibility, the CPEgpnageeds also

to initiate some community service activities, e.g., establish links witlotaé industry,

deliver training courses for the industry and community, and organize dtiteral
conferences.
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ABSTRACT: Four phases in the processing of the professiengineer are mentioned in terms of
renewability. The first phase which covers the ugdeduate study period, is considered as a non-
renewable phase. The latest ABET outcome critegadascussed with respect to the latest engineering
design requirements. Knowledge of basic ecology aatural science is emphasized as necessaryefor th
understanding of environmental issues and sustéitgaffhe macroscopic approach in raising student
environmental awareness and learning about glalsaks such as economics and other human needs is
strongly recommended. It is concluded that suchsgoauld only be achieved with a close cooperation
and sharing of responsibility between the facuftgmgineering and the faculty of sciences. If dosild

be achieved, graduate students will be better pedipvith the ability to contribute synergisticaity a
competitive environment, and tackle problems wittolistic multi-disciplinary approach.

KEYWORDS: Engineering Curriculum; Ecologysustainability Macroscopi¢ Professional Engineer;
Lifelong Learning.

INTRODUCTION

It is common knowledge that engineering is a well appreciated professiongamon
societies of the developing countries (considered prestigious), and thatsdtigbl
graduates have to compete to enroll in an engineering program. What is degs kn
and/or acknowledged in such societies, is that becoming a profeseingiaker [1]
requires a long and tedious apprenticeship period after graduation (with @ldbach
degree). This usually takes 3-6 years of apprenticeship and leat®gmition by a peer
society; that the graduate has attained sufficient field experience to take it@fipoims
public engineering projects. However, becoming a licensed enginatrcéim take
responsibility in engineering projects is not a sustainable status unlegseriadically
fed by ‘on the job training’ and/or courses in new developments in the science and
technologies relevant to the field of the profession (continued education).

To become a professional engineer and stay as one, would involelthéng four
phases:

Phase I: The undergraduate phase (a non-renewaaseph

Phase II: The apprenticeship phase (possibly renieywab

Phase llI: The updating in new academic developmghése (renewable)
Phase VI: The Lifelong self-learning phase (continsly renewable)
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Responsibilities of phases I and III belong to faculties of engineering and the “continued
education” organization of the university, respectively. Responsibilities of phbse |
belong to the professional engineering societies such as the IEEE {h8]
responsibilities of phase VI relate to the professional engineer’s attitude.

In this work we shall concentrate on phase | which we indicate as theenewable
phase as far as the engineering student is concerned [4]. We point out thiaaskeisnust
be implemented by joint efforts and fostering of the faculty gfrexering and the faculty
of science (Mathematics & the Natural Sciences). This phase forms the fimsihich
the other phases will be effective in educating engineers as expected by aocdiety
required by the market.

ABET and the Undergraduate Curriculum

ABET, when formed in 1980 by joining various engineering aétaton committees
into one, put the following definition for the engineering profesgir(repeated below
for convenience), to guide faculties in designing the course curriculum.

“Engineering is the profession in which knowledge of the
mathematical and natural sciences gained by stexjyerience, and
practice, is applied with judgment to develop ways utilize,
economically, the materials and forces of natunetfe benefit of
mankind.”

A possible implementation of this definition has been laid out in block atliadgormat
(as a guide for course design) in [5], also shown in Fig.1 belowedteg for
convenience). This diagram shows how the natural sciences couldlypbssrelated to
engineering science courses at various levels and to the senior dngidesign courses
(one 3 credit course each semester). The block diagram also showsithavatuating
engineering design, knowledge from ecological principles should ben take
consideration to ensure contributions towards the benefit of humanTkiadasis of this
knowledge, which will be recalled upon later, is largely discussed int [§]lehcouraging
to see that ABET has also considered this very important topic when itiedodifteria
3c (also mentioneds “outcome ¢” in some literature) to be effective with the 2006-2007
evaluations [7]. The modified criteria 3c is repeated below for convenience.

“an ability to design a system, component, or process to meet
desired needs within realistic constraints such a&snemic,
environmental, social, political, ethical, healthnda safety,
manufacturability, and sustainability.”

In this renewed criteria, we see that the engineering design progeantiineering
student would need to include considerable knowledge outside that |emaaitibnally
in engineering science courses.



DEVELOPMENT AND REVIEW OF ENGINEERING EDUCATION 340

Mathematical Sciences Physics | Chemistry | Biology || Ecology

l Natural Sciences '

!

Sophomore Engineering Science

!

Junior Engineering Science

! !

Senior Engineering Science i+ Engineering Design =

!

Benefit of Mankind e

Figure 1: Hierarchy of Scientific/Technical Courses (Reprinted from [4] with
permission)

The modification includes two wordings that specifically point to comm&ba in basic
ecobgy (as a mnatural science). Those two words are “environmental” and
“sustainability”. In addition it could be argued that the words “social”, “cthical”, “health
and safety” could also be related to ecological basis [8]. This modification also implies
that the engineering design evaluation teams should include peopleaskgrdund in
ecology, supporting the statement regarding the need of cooperation betveeen
engineering and science faculties.

On the Cooperation between the Engineering and Science Faculties

Cooperation between the engineering and science faculties has alwaied eas
evidenced by engineering course programs worldwide. Emphaslie afependence of
the engineering science courses on basic science courses, such as physissy crd
mathematics, have recently been pointed out by some authorg]. [€adrses in
biomedical engineering require detailed knowledge in biology. The latest “outcome”
based criteria issued by ABET, include the modification made to criteria 3c starthmy i
20062007 evaluation period. It is this aspect of the new requirements timattpdhe
need for more cooperation among faculties in fostering enginedridgrss. Since this
phase in the students’ life is non-renewable, it should be covered thoroughly where each
engineering student should be made aware, of the fundamental lavesucé. In this
respect members of staff from the science faculty, teaching erigmetudents, should
be as aware of the ABET requirements as the staff of the engineacinityfare. This
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can be made possible by the full cooperation of the relevant staff andistdaion of
the two faculties. Time should be allocated for scheduled joint meetihtfjer seminars.
The cooperation should also lead to the mutual understanding of thadwhtiels on the
minimal course requirements for graduation, paying utmost attentiothe time
limitations that the students have, to implement their weekly studgram. ABET
requirements also touch upon economics and manufacturability. These watidralso
be discussed within the engineering design courses.

The Macroscopic View Approach

Students need to develop a “macroscopic” view of the world and relate to the
ecosystem(s) of which they are a consuming participant. They neawléostand the
global ecosystem in which all biota have to co-exist. They must be thaghthe earth
and all biota related cycles within the ecosphere work as a system [1Ph&f]need to
approach world matters with a holistic view, learn how to work in nisdiplinary
teams, hence must have guidance from cooperating staff membéher Flio satisfy the
engineering design requirement set by ABET (3c) these aspects slouliscissed
within the two 3-credit engineering design courses at the senior level.

SUMMARY AND CONCLUSIONS

World population has more than tripled in one century [15]. The detl increase of the
human species is about 220000. This means that many morkesnmawe to be fed every
day. It is clear that this increase with no signs of slowing dowhemear future will be
putting a considerable amount of pressure on global natural resourcesssiahd,
potable water, and quality of air. The overcrowding of people in citiegdkening their
resilience against natural disasters worldwide. Engineers of the 21gtycsimould have
capabilities to help humankind to overcome the shortages imposed bymyatjpm and
at the same time maintain a healthy environment throughout the ecospisectear that
the four phases in the making of an engineer, pointed out eaifer need the
cooperation of the Chambers of engineers, the faculties of engmeerihthe sections
that deal with “continued” education in universities.

In this work, we have focused mainly on the nonrenewahlgepin the engineer’s

educational life. We have shown how ABET requirements lead to the dewiomin
curricula requiring the cooperation of the engineering staff with the omesthe natural
sciences faculties. It is clear that when the engineering studentsrgagtththe
recommendations above, they will be:

b) equipped with basic ecological knowledge with the “systems” approach,

c) will have developed a macroscopic view of the ecesph

d) will be able to contribute synergistically in a cpetitive environment, and
e) will be able to tackle problems with a holistic mdisciplinary approach.
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ABSTRACT: Several reports and data suggest that women idAlteare outperforming men at various
educational levels and that the UAE is among thetrdeveloped nations in educating women. We are
presenting here a comparative study between womeénreen to analyze trends for five baccalaureate
programs in the college of engineering at Ajmanvdrsity of Science and Technology (AUST), UAE.
Normalized statistical data is used to analyzehfragimissions, program completion, duration of
completion, academic performance and studentiattritFor all fresh admissions, during the academic
years 2000-01 to 2009-10, overall there were 86 evoffor every 100 men admitted. Women to men
ratio in the year 2000-01 was about 1:2, which ifiantly improved to about 1:1 in 2009-10. In the
recent five years, cumulative fresh intake for wanfes somewhat exceeded that of the men. For
program completion, during the ten year period aNerl0 women graduated for every 100 men. From
the group of graduating women about 80% completen grogram in ten semesters, while only 63% of
the men completed in as many semesters. For atagerformance till graduation, more women scored
higher grades than men. 19% graduating women comhpgar#2% men scored high grades, while 32%
women and 48% men scored low grades in their respegtoups. For attrition, the number of women
aborting their programs was about half that of nore than 50% of the ten-year cumulative attrition in
each group occurred in the first two semesters drhission. In nearly all comparisons, women
outperformed men. The study calls for investigatiamto the factors that would support and motivate
more men to take up the engineering challenge.

KEYWORDS: Women in Engineering; Women Education in MiddlesEaGender Statistics in
Engineering.

INTRODUCTION

Gender disparities in academic programs are quite common around the W8}Idr his

is more so in engineering related programs. Such disparities can lestjtalities in

professions with related social effects. Only limited gender-based statist&sidies

from the UAE or the neighboring countries are available in the literature. Esenr
study is an attempt to analyze gender-based students statisticsnieegimgj programs at
AUST.

According to a report prepared by the Ministry of State for Federal NationalciCoun
Affairs, UAE, women in the UAE are outperforming men at various et levels
and that the United Nations recognizes the UAE to be among the most eéelveiijns

in educating women [4]. Also, in the University of Sharjah, wamepresented nearly
65% of the entire student population for the fall semester of the acageani@00809
[5]. Similarly, in the UAE University, women represented 77% of ¢hére student
population for the spring semester of the academic year 200§-09 [
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The present study concentrates on various aspects of women studentgnieering
education as compared to men. Statistical data collected over ten yearsaftadémic
years 2000-01 to 2009-10 is used for analysis of studeois five baccalaureate
programs in the college of engineering at AUST. The programs ared8eparately for
women and men in the fields of Electronics (EE), Communication (COMNY
Biomedical (BME) engineering as well as in Architecture (Arch) and Interior Besig
(ID).

STATISTICAL DATA AND ANALYSIS

At AUST, the academic year consists of Spring, Fall and Summer seméstettse
Summer is not a regular semester, it is not included for analysis, &hcls academic
year analyzed consisted of two semesters. Until 2005-06, the recoeungémdtion of
completion for each program was 5-years (or ten semesters) eacepyéars for ID.
From 2006-07 modified 4-years programs are offered for EE, K@d BME. For the
present study we analyzed overall data for program completion irsderesters,
irrespective of the program. The students who are expected to comptagdnd of the
current academic year (2009-10) are also included.

Normalized statistical data is used for women and men to analyze the fvericssh
admissions, program completion, duration of completion, academicmarioe of the
graduates and student attrition. The analysis is carried out for separgis gfavomen
and men.

Fresh AdmissiongFigure 1): This section gives a comparison of group size ¢éonem
for every 100 men admitted to the college of engineering. During thgetanperiod,
overall there were 86 women for each 100 men admitted. Figure 1 #hegsoup size
for each academic year. The smallest group was 56 in the yea0208@d the biggest
group was 118 in the year 2006-07. Only in the three eadysy the group was 72 or less
as compared to 80 or more in the recent seven years. In the reegygdig, cumulative
fresh intake for women has somewhat exceeded that of the men.

Program Completionlt is defined as successful completion of all requirements for the
program in which the student was admitted. During the ten year péneé@ were 110
graduating women for every 100 men.

Duration of Completion About 80% of all the graduating women completed their
respective program within ten semesters. In comparison, about 68t graduating
men completed their program within ten semesters. It is worth memgionthis context
here that nearly all the remaining graduating women completed in upetodtditional
semesters, while the remaining men took even longer.
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Figure 1: Fresh admissiorsormalizedgroup sizeof women for each 100 men
admitted during the academic years 2000-01 to 20D ®aken as total of all programs
in the college of engineering.

Academic Performance of the Graduat@sgure 2): It is taken here as the overall
performance till graduation evaluated on a 4.5 scale from cumulative gredeperage
(or CGPA) in terms of three levels in the increasing order oit agr Low (CGPA from

2 to <2.75), Medium (CGPA from 2.75 to <3.75) and High (fl®m5 to 4.5). Figure 2
shows a comparison of performance from the Low to High leveté.\88men and 48%
men in their respective groups graduated with Low level grades. Thisingépe
percentages narrowed significantly for higher level performancd,9%s women and
12% men graduated with High level grades.

Women Men

High, 19 High, 12 Low, 48

Medium Medium 40

Figure 2: A comparison of academic performance of the grddgatomen on the
left and men on the right is shown as percentagethéodifferent levels.

Student Attrition It is defined here as the number of students who aborted their program
without completion. Much less women aborted their program durimgetin year period.
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There were 57 women for every 100 men who aborted. More thanobe total
attrition from each group of students occurred in the first twoeséers of admission,
perhaps because during the first year of university educationtulenss explore and
determine their career interests.

SUMMARY AND CONCLUSIONS

The analysis suggests that there is a significant increase in the percentegmen
studying engineering programs at AUST. More women than madugted within the
specified duration of their programs. In nearly all the comparidonsacademic
performance, women outperformed men.

As the students analyzed in this study come mostly fromWAE and neighboring
countries, this study may, to a limited extent, suggest that a lot mareemw this
region are now ready to accept challenges in various fields of engineerin

Perhaps one of the reasons for relatively lower academic performavee s the men
may be their involvements and responsibilities of non-academic nature. &uiom
personal experiences, we have noticed that significantly more men havetatgdands
to support their studies financially. The present study, therefore, fwallsurther
investigations into the factors that would support and motivate monetontake up the
engineering challenge.

Though excellence in academic performance is a definite requirearemgher studies,
the field or market performance of the excellent as well as the notetieext graduates
remains to be investigated.
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ABSTRACT: This paper presents results of @mwestigation into identifying reasons for students’
nonuniform assignment outcomes in a first year subject in the Civil Enginedisegline and
proposes some effective measures to overcome this issue. The babjeetn taught for three years
since it was introduced in 2007. The assessmettieofubject includes three assignments contributing
40% of the final result. In 2007 and 2008 the autitzserved that students performed well in the firs
and third assignment, however student performancassignment 2 was poor. This observation was
confirmed through statistical analysis of the shigenarks from these two years. In an attemptdtfye

the less than satisfactory student results in asggt 2 a change was made to the amount of teaching
and tutorial time allocated to preparing for thssignment in 2009. It was found that this incraase
teaching time allocated to mathematical calcoleti produced significant positive outcomes. While
student results in Assignment 2 improved to a satisfactory level, assignment 2’ remained the least
performing assignment compared to other assignmertise subject. To gain a deeper understanding
students were surveyed. The initial hypothesishisf $tudy was that the mathematical calculatiougoc
of Assignment 2 might be the reason for lower sttigeerformance, however results of the survey show
that the majority of students did not agree witfs thypothesis. Students reported that they found
Assignment 2 interesting and they understood tineejats and theory that it was testing. It wouldeswp
that other factors, perhaps the timing of the assi@nt mid-semester competing with other subject
assessment, may account for the dip in studenttse3ine outcomes from this investigation inforreet

of recommendations for future teaching of the stbje

KEYWORDS: Non-Uniform Learning; Assignment; Statistical Apsils; Problem Based Learning;
Mathematical Calculations.

INTRODUCTION

The subject named ‘Sustainable Design’ was introduced in 2007 in the Civil Engineering
discipline as a first year compulsory subject at an Australian univefdity strategic
approach employed in the teaching of the subject is ‘problem based learning’. The
assignments in the subject contribute 40% to the students’ final result. Assignments
include a degree of choice and are on the topics require students to woshtadesigns
for infrastructure and utility services with sustainability as the @rohjective. Project
topics are sourced from Engineers Without Borders (a non-prafiin@ation) and the
final product is submitted to nation-wide competition. Project workaisied out in
small groups and problems relate to real-life issues. During thest®@noeurse content
informs the group project and is delivered concurrently throughirkest tutorials and
consultations. This duration of semester allocated to Assignment 1 sks wdde it
requires conceptual knowledge on sustainability and innovative thinkings
introductory in nature. The objectives are to enhance students’ ability to apply knowledge
of basic science and engineering fundamengalsince students’ ability to communicate
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effectively, not only with engineers but also with the wider commurdgvelop an
understanding of the social, cultural, global and environmental responsitulitide
professional engineer and to improve the understanding of the princfestainable
design and development. The objectives of Assignment 2 are more fansedm to
enhance students’ ability to undertake problem identification, formulation and solution as
well as demonstrate an ability to utilize a systems approach to design aatioopér
performance. Assignment 2 also requires students’ to perform a set of mathematical
calculations to calculate heat gains and losses from a typical house, allyetdu
minimise cooling load required by the traditional air-conditioning systemequires
accurate calculations using provided mathematical equations and stepsjettieeshof
the third and final assignment in the subject are to increase studanteklge about
sustainability features, increase their understanding of professional etridal
responsibilities as well as their ability to function effectively as an indivigiual multi-
disciplinary team. The third assignment requires students to demonstiatentiwledge
of life cycle analysis of the building or house selected by eactpgiithis assignment
also requires detailed calculation of energy and water uses, as well as wastdogener
for the building’s whole life cycle. Finally, students prepare a comprehensive life cycle
assessment for the building at its different phases. The pattern of variaddsnasst
observed over the first two years of the subject showed thstt shalents did well in the
1st assignment, not as well in the 2nd assignment and yet their markséchggain in
the 3rd assignment. The objective of this research was to investigatesthe(s@dor this
fluctuation in student results using a survey as well as an amafy@ssignment tasks and
content. The final goal was to propose measure(s) to overcome this dtiemable
results to enable more effective and uniform learning of the students.

SELF-EFFICACY AND STUDENT PERFOMANCE

The literature shows that self-efficacy is important in student outc@ndsis task
related. Researchers have been exploring these concepts for oversd@-geaxample,
Marton and Saljo [1] conducted an experiment with two groups dif@0year students
and studied outcome differences as a function of the learner's conceptioa takk.
Marton and Saljo [2] described functional differences in the proceksanfing which
gave rise to the qualitative differences in outcome. Svensson [3] studoetneuskills in
different situations and related study activity to levels of understaratidgacademic
performance.

Twenty years on, Bandura [4] defined self-efficacy as "one's beliehéislie is able to
organize and apply plans in order to achieve a certain task" and descifibetteaf
variables which were found to play an essential role that influenekavior and
learning. Bandura and Locke [5] commented that construct self-effiadightly
connected to motivation and plays a prominent role in human develominest it
directly influences behavior. They further mentioned that amongattieus mechanisms
of human agency, none is more central or pervasive than self-gffietiefs. According
to Bandura's social cognitive theory, every individual possess a systeaexénts control
on his/her thoughts, emotions and actions.
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Pajares and Schunk [6] examined the contribution rbgidée self-efficacy component
of Bandura’s [4] social cognitive theory to the study of self-regulation and motivaition
academic settings. He explained the difference between self-efficacy lelibfsther
expectancy constructs, followbg a brief overview of problems in self-efficacy research.

Klassen [7] reported that self-efficacy is a task-specific construct and theae is
correspondence between self-efficacy beliefs and the criterial task beirsgealsm
contrast, self-concept is the sense of ability with respect to more global gbidssif-
esteem is a measure of feeling proud about a certain trait, in compaitsoathrers.
Nicolaou and Philippou [8] found that self-efficacy belief is a gjrgmedictor of
mathematical performance while problem posing is considered fundamental i
mathematical learning. They examined the relationship that efficacy haolbem
posing, problem-posing ability, and mathematics achievement. Theytegpdhat a
students' perceived efficacy to construct problems is a strong pregfidtte respective
performance as well as of their general mathematics achievement. A strogigtiom
was also found between ability in problem posing and general matbempearformance.

In similar studies Pajares [9] posited that children self-beliefs are inexyritat to
their thinking and functioning. These researchers identified reagonstudents select
some activities and avoid others, why they succeed in some acadesitgpand fail at
others, or why they are filled with either anticipation or panic at the tiiafgloing this
or that task. Furthermore, Schunk and Pajares [10] described the aeeptag one type
of motivational process: perceived self-efficacy. They concluded thatpgooeptions of
self-efficacy reduces academic motivation, learning, and achievemenefigzty is
grounded in a larger theoretical framework known as social cognhiz@nyt, which
postulates that human achievement depends on interactions between one’s behaviors,
personal factors (e.g., thoughts, beliefs), and environmental conditions.

This body of literature demonstrates that self-efficacy is an imgoxtarable and
corresponds to the criterial tasks. It influences the global measures dentstu
achievement and can inform prediction r#flated outcomes. These earlier studies
informed the hypothesis that underpinned the investigation reported pafies.

The strong mathematical content of Assignment 2 is related to self-efficaopd the
task and self-efficacy in mathematics affects student outcome.

RESEARCH METHODOLOGY

As the main focus of this investigation was to determine if studetsa particular with

the Assignment 2 a survey was constructed with to obtain studedbafde on
assignments. Theusvey questions were prepared to extract information on students’

level of understanding, their efforts in terms of total hours spethetasks, their self-
reported interest related to creative thinking, mathematics and learning newtsoncep
The survey was conducted at the end of the teaching period in @6 students had
completed and submitted all of their assignments for the semester.
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As noted in the introduction, the observation that students performecerpon
Assignment 2 was verified by twgears of data. However, to improve students’ learning
outcome related to Assignment 2, a strategic change was made in 2009eacthiag
process and the amount of time devoted to teaching concepts and conlieabkepto
Assignment 2 . In brief the changes are outlined below:

e An increase in teaching hours (from 1 hour to 2 hours) ofaixpg the basic
theory to strengthen students understanding on basic concepts related to
assignment.

e More tutorials on hands-on calculations (from 2 hours to 4 hdarshe same
assignment components to facilitate more practice and to build efficacy as
suggested by Nicolaou and Philippou [8].

RESULTS ANALYSIS

This study was initiated with two years (2007 and 2008) of students’ assignments results.
With the two years of data, a brief statistical analysis was performedanwtify the
students’ results anomaly. Table 1 shows the comparison of statistical analysis performed
on 2007 and 2008 data. Note that the sample number was not sabpethfgears. It is
evident that there are significant differences between student perfororadssignment
1 and 2. Similar differences of performances between Assignment Assighment 3
are also evident (see Table 1).

In summary the mean values of assignment marks are 83 to 823p@2.7 and 83.3 to
84.7 for assignment 1, assignment 2 and assignment 3 respectivelyedia@ wvalues of
assignment marks are 80~90, 60~65 and 88~90 for assignmentighiresg 2 and
assignment 3 respectivellyigures 1 and 2 graphicalfjpow the ‘Mean Mark’ and ‘10th
Percentile Mark’ respectively for all the assignments in 2007 and 2008. It is shown that
the ‘Mean mark’ for ‘Assignment 2’ was around 60, whereas the ‘Mean mark’ for other
assignments were above 80. Again, ‘10th Percentile Mark’ for ‘Assignment 2’ was about
45, whereas ‘10th Percentile Mark’ for other assignments was above 65. This statistical
analysis proves that there are significant differences in the studeitsref Assignment
2 compared to other assignments.

Table 1: Summary and Comparison of Statistical Analysis.

Statistical Assignment 1 Assignment 2 Assignment 3
Function 2007 2008 2007 2008 2007 2008
Mean 86.3 83 60.2 62.7 84.7 83.25
Sample No. 103 126 103 126 103 126
Median 90.0 80.0 60.0 65.0 88.0 90.0
10" Percentile  65.0 70.0 45.0 45.0 65.0 70.0
90" Percentile  100.0 95.0 75.0 80.0 100.0 95.0
Minimum 50.00 20.00 30.00 0.00 40.00 0.00

Maximum 100.0 100.0 100.0 85.0 100.0 100.0
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Figure 1: Comparison of ‘Mean marks’ among all assignments in 2007 and 2008

10th Percentile
80

70 ~
60

W 2007
@ 2008

50 -
40 -
30
20 -
10 ~
0 -

(%)

Assignment 1 Assignment 2 Assignment 3

Figure 2: Comparison of ‘10th Percentile’ among all assignments in 2007 and 2008

EFFECTS OF STRATEGIC CHANGE

A further statistical analysis was carried out using the assignment rfeark009.
Keeping in mind that in 2009, there was a strategic change in théngachhe subject.
Table 2 shows the statistical analysis summary for the 2009 assigmars compared
to the average of 2007 and 2008 marks.
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Table 2: Comparison of Statistical Analysis between 2009 and Previous years.

Statistical Assignment 1 Assignment 2 Assignment 3
Function 2007#/8 2009 20078 2009 20078 2009
Mean 84.6 91 61.5 85.5 84 92.3
Sample No. 114.5 166 1145 166 1145 166
Median 85.0 95.0 62.5 90.0 89.0 95.0
10th Percentile 67.5 80.0 45.0 60.0 67.5 80.0
90th Percentile 97.5 100.0 77.5 100.0 97.5 100.0
Minimum 35.0 25.0 15.0 50.0 20.0 50.0
Maximum 100.0 100.0 92.5 100.0 100.0 100.0

It would appear that the effect of the strategic change in teaching anidlttiaing
produced significantly positive outcomes. The effects of the strategiogehare
presented graphically in the Figures 3 to 6. From these figures it ismnshatvstudent
results in all the assignments increased in 2009 compared to 2007-8 Bweeased
teaching and tutorial hours, ‘Mean mark’ for ‘Assignment 2’ increased by 39% in 2009.
Moreover the ‘Mean mark’ for Assignment 1 and 3 also increased by 7.5% and 10%
respectively.

Figures 4 t®, graphically show that the ‘10th Percentile’ and ‘90th Percentile’ values for
2009 were increased by 33% (45 60) and 29% (77.5 100) respectively. The ‘10th
Percentile’ values for Assignments 1 and 3 were also increased by 18.5%. There was
significant increase (233%) in ‘Minimum mark’ for ‘Assignment 2°, which may be
attributed to the increased teaching andrig on mathematical calculations, ‘Minimum
mark’ for ‘Assignment 3’ also increased significantly (150%). However, ‘Minimum
mark’ for ‘Assignment 1’ decreased, this may be considered as an outlier.

Mean Marks
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Figure 3: Comparison of ‘Mean Marks’ between 2007-8 and 2009.
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Figure 4: Comparison of ‘10th Percentile’ between 2007-8 and 2009.
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Figure 5: Comparison of ‘90th Percentile’ between 2007-8 and 2009.

In summary, it may be concluded that strategic changes (more tgaamintutoring

hours for basic theory and hands-on practice on mathematical calculatians)
produced significantly positive outcomes for Assignment 2. It atsgy be concluded that
because Assignment 3 also has some mathematical calculations, the strategic changes
also had a positive effect on students assignment 3 results. Thigyfia in line with the

findings of Marton and Saljo [2], which mentioned that functionafediince in the
process of learning gives rise in the outcomes. Figure 7 showsntiperal patterns of
different statistical patterns for Assignment 2.
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Figure 6: Comparison of ‘Minimum Marks’ between 2007-8 and 2009
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Figure 7: Temporal patterns of different statistical parameters for Assigntent

SURVEY RESULTS

A set of survey questions was prepared and were given to the stimegtds the end of
the semester in 2009. Of the 170 students enrolled in the unit, 122 péeticip the
survey, a response rate of 72%. The survey questions weregatepaalicit information
about the level of student engagement in each assignment; their percéfiimtevel of
creativity, interest, and improvement of knowledge applied to Assignmenibelr
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perceived reasons for lower performance in Assignment 2 and pensemlmout
excitement, interest and difficulties associated with Assignment 3. Figah®ws the
percentage of students who spent less than 5 hours on each assighmas found that
more than 40% of students spent less than 5 hours on Assigrdndowever for
Assignment 1 less than 20% students spent less than 5 hoursindilig Supports the
conclusion made by Schunk and Pajares [10], that self-efficacy reducesmacade
motivation, learning and achievement.

It may be concluded from these survey results that Assignmenhdneed students
learning and knowledge; they reported that they found it both inteyesstith inspiring.
Approximately 75% students agreed that the ‘problem based learning’ style of
Assignment 1 enhanced their knowledge and skills, whereas onlyugi#nst disagreed
with this. Approximaely 80% students agreed that the incorporation of ‘sustainability
features’ and the real-life application of the problem made Assignment 1 interesting,
whereas only 4% students disagreed with this. Approxima&ly students agreed that
Assignment 1 was inspiring because it encouraged creative thinkdngedrthe potential
to lead into a national competition, however approximately 12% studentsedidagith
this. In summary, Assignment 1 appeared to be effective in satishgrigarning objects
moreove students’ results were very good.

The initial hypothesis of this study was that the mathematical calculation adpect o
Assignment 2 might be the reason behind lower student performidoeesver, only
22% students agreed with this hypothesis and approximately 58#n&fudisagreed. In
general many students did not realize the magnitude of deeper mathematie rigquir
this assignment. This supports finding by Nicolaou and Philighuwhich says strong
correlation exists between ability in problem posing and mathematiftemance.

45.0

40.0

35.0

30.0
25.0

20.0

% Students

15.0 4
10.0 +

0.0 -
Assignment 1 Assignment 2 Assignment 3

Figure 8: Percentages of students spent less than 5 hours for the assignments.
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CONCLUSIONS AND RECOMMENDATIONS

The following conclusions are proposed as a result of this investigation:

Increased teaching and tutorial time on Assignment 2 contributechptoving
student results in this task. The lowest mark of Assignment 1 was iedrbgs
230%.

Even with the strategic changes, the least performance was still observed in
Assignment 2, although most of the students agreed that theystowdethe
theory (concept) and reported that they found the task interesting.

Mathematical calculation was thought to be the reason for lower perfornmance i
Assignment 2, however most of the students did not agree witrettisn. Only

22% students reported that they had difficulties with mathematical calculations.
It should be noted that in the survey year (2009), approxima@y students
were from non-engineering disciplines, and may therefore have ka#lew
knowledge and skill related to mathematics.

Most of the students reported that they understood the theory andpt® of
Assignment 2 and that mathematical calculations were not a critical issue for
this assignment. However students spent the least amount of houngs on t
assignment compared to other assignments. Could this mean dbatee of
over-confidence (due to good performance in Assignment 1) migh leal

them to apply less effort to this assignment and be the reasonef@otrer
performance in Assignment 2

Through the observation of the effect of the strategic change emutbdck from the
students, the following recommendations are proposed to be impkane

More hands-on tutorial time on applied to Assignment 2 because in 26@9 th
was a significant im@vement on students’ outcome for this assignment.

If a significant number of students are from non-engineeringpdiises, it is
recommended that the subject to be reorganized in a way that resultsahat in
semester it is offered for engineering students and in the ofhegster it is
offered for non-engineering students.

During tutorials, a performance summary of previous years stoesuits could
be presented to current students to alert them not to become over confitlent an
to regulate student self-efficacy.

Assignment 2 needs to be modified to make it more feasible for rginesming
students.
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TROUBLESHOOTING SKILLS OF EE STUDENTS
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ABSTRACT: This paper describes the experience of a prajgetd course “Design with ICs” and its
educational effectiveness in developing the desigplementation, and troubleshooting skills of pmi
level Electrical Engineering students. In conttadraditional approach of conducting experimersisig
laboratory handouts, students are assigned specdjects to design, simulate, implement, and ttesit
projects in the laboratory. The course aims at @gallg and systematically developing the design and
practical skills of students in analog and digétgctronics. Course projects are outlined and soiniee
designed projects are presented. Students” feedback on their first exposure to projects-based approach for
developing the desired skills has been analyzedegsknted in the paper. It is shown that the pteje
based course, though more demanding in time aodt effas significantly contributed in developing th
design, implementation, and troubleshooting skiflstudents. In addition, by requiring the studdots
carry out all stages of the project, starting frime design specifications and ending with complete
project testing, students have gained confidentledaim acquired skills that might not have beenead

by following the traditional approach of conductiexperiments in the laboratory.

KEYWORDS: Projects-Based Course; Design Skills; Practic#lsSEngineering Education.

INTRODUCTION

In Electrical Engineering education, design, implementation, and tréwoitisg skills
have always been considered as important skills to be acquired sju#nts. Their
importance has been further emphasized during the past decade withsthe
introduction of EC2000 Criteria adopted by ABET [1]. As a resultdesits are now
introduced to design concepts at an earlier stage and their design, implemgatadio
troubleshooting skills are gradually developed throughout their undergradudies [2-
5]. This is in contrast to the earlier approach where most of thgndesirk was done at
the senior level, primarily related to the capstone project. The usefudhgssjects-
based courses in enhancing the technical as well as generic skills of engisaatents
has been demonstrated in a number of case studies [6-8]. An interestmgepresenting
the new trend is that of Olin Curriculum [9] that follows the cq@d design throughout
— from the day the students arrive on campus to the day thdyage.

In line with the recent trend on the development of design, ingi&tion, and
troubleshooting skills, the EE Department at AUST has adopted a systematiacépioro
develop these skills from an earlier stage. In a number of EE courbessaiiciated labs,
students are required to design, implement, and test one or two course-petgects
near the end of the semester when they have gained reasonabienegpéirough
traditional laboratory experiments during most part of the semester. Sabtgqin
their junior year, students take a course “Design with ICs” that emphasizes design
throughout the semester. In contrast to traditional laboratory sessitmdents
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implement, troubleshoot, and test their own design work in each laborassiprs This
paper explains the approach adopted by the EE Department for devedopmgkills
through “Design with ICs” course. It also presents an analysis of the students’ feedback
regarding the effectiveness of the presented approach in developingkilkgiin design,
implementation, and troubleshooting. It is shown that the projects-lcasese has not
only enhanced the desired skills but has contributed in developing students’ self-
confidence in their acquired skills. As such, they are well-prepmretheir capstone
project in the final year.

COURSE PROJECTS

A total of six projects are given throughout the semester covering ofathe topics
discussed in the class. Four such projects are described below. In additiercommon
goal of developing design and practical skills, each project has additicaalrgtated to
the course material.

Design Project 1
Design, implement, and test a circuit that will work as follows:

a) If the room temperature is less than 25 °C, a green LED shall lee®bin

b) If the room temperature is between 25 °C and 30 °C, a 12V fanewdhiie ON.

c) If the room temperature is more than 30 °C, a red LED shatl #iaa frequency
of 2 Hz with a duty-cycle of 60 %.

For this project, you will use the temperature sensor LM35, the ti®e&5b, open-
collector comparator ICs (LM311 or LM339), a relay, LEDs, a fan atider
components, as needed.

Design Project 2

You are working in an engineering company and for their nextustdtie manager has
decided to develop a digital temperature meter that can measure and dspiay
temperature. He has asked you to complete this project in two phades finsttphase
you will design, implement, and test a circuit that will interface your tempersdmsor
(LM35) to the input of an 8-bit A/D converter. In the second phase ylbaamvert the
analog input at A/D converter into digital form, process it using a mictomtar and
then display the temperature. The second phase will be completed later in thés Eour
the first phase, the design specifications are as follows:

a) The room temperature is in the range of 15 °C to 40 °C.
b) The supply and reference voltages of the 8-bit A/D converter are bath 5
c) If the temperature exceeds 40 °C, a beeper/buzzer shall sound émohds
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Design Project 3

You have been hired by a new company that plans to pack 12 béttieseral water in
each card-board box. These bottles are passed, one by one, on arcbeiteybich is
started by a push-button. You have been assigned the task of develafigiigl system
that will automatically count and display the number of passing bottlagmr-segment
LEDs. When 12 bottles have been counted, the conveyor belt shall automatimally

Design, implement, and test the complete counting and display system foortipany.
Since the conveyor belt is not available in the lab, you will test yaiesyby passing
manually some other item between I/R transmitter and detector.

Design Project 4

Using PIC16F877, ADCO0804, LM35 and other ICs/components, desigbigital
Thermometer to measure and display the room temperature on twonérdedjsplays
with a resolution of 4C. Also, a 220V Heater should switch ON if the temperature falls
below 20C. If the temperature rises again to°@0or more, the Heater should switch
OFF. You shall use MOC3010 optocoupler triac driver and an external triac with
sufficient current rating to switch ON/OFF the Heater.

DESIGN AND SIMULATION

Each project team comprised of three to four students andfitiseitask was to design

the assigned project with complete details and then carry out simulasofar as
applicable, to validate their design. For the design part, students were required to utilize
data sheets and make sure that their design does not violate any spatifigsl of
components used in their design. Two of the projects designexddubdent teams are
shown in Figures 1 and 2 below.

Figure 1: Design of Project 1 by a student team
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Figure 2: Design of Project 3 by a student team.

IMPLEMENTATION AND TROUBLESHOOTING SKILLS

After the design had been completed and tested by simulation, where appétat#eats

had two laboratory sessions (in two weeks) to implement tiesigd on breadboard, test

it, and carry out troubleshooting as needed. They were required to stest®rthe
working of the complete project satisfying all design specifications. Ardadny
engineer was always available to guide the students in troubleshawstihghecking
complete working of the project as per specifications. During their viorkhe
laboratory, students were also asked related questions to further develop their
understanding of the project and, in particular, their troubleshootitig. Skwo of the
implemented projects are shown in Figures 3 and 4 below.

NG e
Dobalinill

Figure 3: An implementation of Project 1.
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Figure 4: An implementation of Project 3.

EDUCATIONAL EFFECTIVENESS

In order to determine the effectiveness of this projects-based cauysestionnaire was
prepared and distributed to 68 students who took this course. Atéthlresponses were
received. The evaluation questionnaire consisted of 9 statements. For eatiergiate
students were asked to choose from “Strongly Disagree”, “Disagree”, “Strongly Agree”,
and “Agree”. The results of this survey are summarized in Table 1. As none of responses
included any "Strongly Disagree" option, this column is not shawthe table. A
graphical presentation of these results is shown in Figure 5. Foighis,f"SA", "A",
and "D" correspond to “Strongly Agree”, “Agree”, and “Disagree”, respectively. An
analysis of the results obtained from students' feedback is pregettiedollowing.

Table 1: Students’ response to evaluation questionnaire.

Number of Students

No. Statement Strongly Agree  Agree Disagree

1 After completing the course projects, | better undet 36 25 0
the related theoretical topics of the course.

2 Course projects have improved my design skills. 42 18 1

3 Implementation of course projects improved my practics 42 17 2
skills.

4 Course projects helped me improve my troubleshooting 25 32 4
skills.

5 The extra effort required by course projects is wtréh 21 37 3
experience gained through the projects.

6 | feel more confident now to design and implement a 21 36 4
practical project.

7 The laboratory experiments alone are not sufficient to 22 35 4
provide the required confidence and experience.

8 Team members learned and benefited from the knowlec 24 32 5

and experience of one another.
9 | found the course projects highly beneficial. 39 22 0
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Figure 5: Graphical representation of students’ response.

A study of the students’ response makes it quite clear that the projects-based course has
made significant contribution in developing their design, implementatiom an
troubleshooting skills. This is indicated by an overwhelming majafitP8% students
agreeing (or strongly agreeing) for the design skills, 96% studentsnplementation
skills, and 93% students for troubleshooting skills. Furthermitrere is unanimous
agreement (100%) that course projects had helped them better understasicitéue
course topics. Also, vast majority of students (93%) have agreed thaequojects had
improved their confidence in designing and implementing practical proféctly, all
students without any exception, found the course projects higéheficial. It is
interesting to note that 95% students believe that extra effort requirembriguleting
course projects (in contrast with traditional experiments based on handowtsth the
experience gained through the projects. Somewhat similar percentagdearitst(03%)
has agreed that laboratory experiments alone are not sufficient to providegtired
confidence and experience. This supports the projects-based apptdoatéd by the EE
Department at AUST.

CONCLUSION

By presenting the case study of a specific projects-based course (IMbid€s), this
paper has highlighted the significance of course projects in developing design,
implementation, and trouble-shooting skills of EE students. @qngects, based on the
material covered in the classroom, were designed, simulated, implemedtessta in

the laboratory by student teams. This is in contrast to traditional appsbaohducting
experiments in the laboratory using prepared handouts. Analysitidénts' feedback
about the course projects has clearly indicated the effectiveness ofpmajebts in
achieving the intended outcomes of this projects-based course. In additievetoping

their design and practical skills, the course projects helped improveutiggrstanding
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of related theoretical topics and increased their confidence level in desigmihg a
implementing practical projects. While the projects-based approach demdralsffort
from the students, it was encouraging to note that an overwhelmimgityajf students
indicated that the extra effort is worth the experience gained though the projects
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ABSTRACT: The results of a study that was carried out overiast ten years to investigate the impact
of Physics Placement Tests (PPT) and Remedial &h{RP) courses on the performance of University
of Sharjah (UoS) engineering and sciences studentsported. The performance of three groups of
students was evaluated. The first group (G1) iredudtudents who registered in the colleges of
Engineering and Sciences prior to the 2004/2008ean& years; the year during which the University o
Sharjah implemented PPT and RP as an approach to assess students’ physics and mathematics
background. Hence, students in G1 were admittenl tim¢ program without taking PPT or RP. The
second (G2) and the third groups (G3) includedt fisar students who were admitted into their
respective programs after the academic year of /2008. G1 included students who were placed in
Physics | after passing the PPT, while G3 inclustedients who did not meet the PPT cut score and had
to take RP before they were admitted into theigpam of study.

The results of the study showed that the passimgeptage in Physics | has improved by 10% after
implementing the PPT and RP approach. It was atemd that students PPT scores had higher
correlation coefficient with Physics | grades (Otfian High School Physics grades (0.2). This is an
indication thatPPT is a good approach for properly assessing students’ physics background. It was also
found that students in G3 attained higher gradd2hisics | than their counterparts (G2). In additio
their better performance, G3 students had sigmifigdower dropout and withdrawal rates than staslen
in G2 and G3.

Our study concludes that PPT and RP courses have a pronounced impact on students’ performance, not

only in Physics I, but in subsequent advanced esuas well. It was also found that PPT tests and RP
courses have influenced other educational quatitipates such as lowering withdrawal, drop-ouesat
and provided students with extra time to adaphédollege life and atmosphere. The conclusiohas t
the PPT and RP courses improved the quality ofathrcat the Colleges of Engineering and Scientes a
UosS.

KEYWORDS: Physics Placement Tests; Remedial Physics; Engime@nd Sciences Students;
Background Assessment; Students Performance; EducQuality.

INTRODUCTION

A low rate of student success is a widespread and persistent characteristig am
postsecondary institutions in Introductory College Physics (Physéogl 11) [1]. For
example, at the University of Sharjah, the passing percentage in Phgait$hysics I
hover around 60%. Typically, up to 50% of students fail the first midtanah by the end

of the term, the portion of those enrolling who succeed (i.e., complet®tinge with a
grade of D or better) around 60%. The 10% increase is attributed to students’ ability to
catch up and get adapted to the college atmosphere and assessment tbd@swWiiely
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believed that the main factor contributing to low passing percentage afineshgnen
college students is the inadequate physics background students are assheexihad
during high school [1-4].

A common approach, used to improve the success rate in these courseensifioun-
prepared students (those with weak physics background) and eordivaam with
“Remedial Physics” or “Preparatory” physics courses [5-8]. The purpose of this course is

to help the students strengthen (or upgrade) their physics baokg®wdents who have
acquired adequate physics background during high school are exenoptethfiing RP
courses. To this end, a Physics Placement Test (PPT) has been developed and
administered in many international, regional as well as local postsecondeaatiedal
institutions with the aim of identifying students with weak phydieskground, and
“filtering” them out [9]. The PPT is designed to test the students’ conceptual knowledge

in the areas of kinematics (position, velocity, and acceleratmme dimensional motion)

and dynamics (adding forces, collisiensne dimensional motion, andewton’s laws).

The test also examines the students’ basic mathematical skills. Students are given njnet
minutes to complete the test during which they are allowed to use theitatals and
provided with a formula sheet. Samples of the PPT is made available at the Applied
Physics Department, UoS website (www.sharjah.jc.ae

Students who fail to meet the cut score are asked to take Remedial Physics {€tP)s wh
a course designed to strengthen the students’ physics as well as mathematical background
and problem solving skills. The course is comprised of topics includingduction to
units and measurements, kinematics in one dimension, vecttgjuction to works-
energy-theorem, power, fluids, electrostatics and simple circuits. Theecoutsomes
include providing students with basic knowledge of the above mentiopat,tavhich
are covered in more depth and depth in Physics | and Il. Special attanticemphasis
are given to skills such as problem solving, critical thinking and condsylization
These attributes are believed to be important for understanding topics covpradics

I and Il. In addition to cognitive content, the course gives studaet®pportunity to
adapt to the college life and atmosphere, which is believed to be among theg leadin
factars that tend to affect students’ performance during the first semester of their college
experience [9]. The course evaluation and assessment tools are identical teséubise
courses taught in the respective colleges, which give the students an additiontgealva
The course does not count in the students’ accumulative GPA and it is set as a “Pass/Fail”
course, with the passing mark set at 60%.

One of the important factors in PPT is setting the cut score. This imitti@um score

the students have bbtain in order to be admitted into Physics I. At the Applied Physics
Department (UoS), the cut score is set in consultation with the respectiveesolleg
deciding the cut score, the most important factor to be considered isrtben@ance of
students in Physics | in comparison to their score in PPT. Thisuislly obtained from
previous data. At the UoS, it was found that students who scored 5@r@in the PPT

did not have difficulty passing Physics I. Another factor that was consitdrexa setting

the cut score was the enrollment capacity, i.e. the number of studedesirfee each
programversusthe number of applicants.
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Several research studies have investigated the effectiveness of placement tests and
remedial courses and their role is gig the “true” level of the students [e.g. 10-16].

Among these studies is that of Sturtz and McCarroll [10], who monitoeedrtdgress of
students who failed to meet the cut score of the New Jersey College Bdlic S
Placement Test (NJCBSPT) in mathematics. These students were placed in remedial
mathematics courses. Upon successful completion of this course,tstudee admitted

into Calculus I. The study included a comparison of the perfaenahthese students in
comparison to the students who were able to meet the cut score iateteegn Calculus

| without taking Remedial Math. The authors concluded that there is elédence
showing that students who took remedial math had higher gradethtéhather batch of
students who did not have to take it. In addition, the authors statedutets who took
remedial physics courses scored better in advanced courses.

Truman [11] piloted a 2-year study, which aimed at monitoring pisormance of
students who took remedial courses before registering in firstcgdleage courses. The
results of the study indicated that students who were placed in chigbes than their
level (i.e. scored less than the placement test cut score) attained lower scoresearfirst y
courses. In addition, the withdrawal percentage among this batchdehttuvas higher
than those who were placed in courses appropriate to the level as detergnitied b
placement test [10].

It is evident from the work of Sturtz and McCarroll, and Truman as welthress that
the importance of placement tests and remedial courses goes beyondirigghe
students’ physics background. In addition to lowering the drop-out and withdrawal rates,
researchers have shown that students who took remedial courses arhegjigkance to
get acquainted with the university life and the pressures it brings with-it4]. It should
be highlighted here that postsecondary institutions worldwide consideagproach (i.e.
placement tests and remedial courses) as an important tool for attaiginguality
education and improving their ranking among other institutidnsfact, one of the
criterion set by international agencies such as McClean of Canada [17], whkergran
institutions, are the acceptance standards, include acceptance standards#nchddell
placement test cut scores.

Critics of such an approach pointed out to several disadvantagécefment tests and
remedial courses [18-21]. A summary of these disadvantages include:

¢ Remedial courses tend to prolong the program of study, whichadcyo the
education cost for the institution as well as the student [18,19].

e Placement tests tend to scare students from post-secondary edd®jtion

e For students who were not able to meet the cut score, the placemetendsts
demoralize them, leading them to accept registering in less prestigpous (
quality) institutions. In some cases, it may lead students to driojdi@ju

e The money and time spent on placement testing and remedial coursielsbehou
directed towards improving the quality of education at the higbaddbvel to
eradicate the problem at its roots [18].
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e Placement Tests tend reduce the number of students enrolled into the Colleges
of Sciences and Engineering. For private universities this is not welcews n
since it affects their revenue [20].

e In institutions where not all departments require students to take the placemen
test, students will be more inclined to register in departments, which do not
impose such requirement. This leads to migration of students to these
departments, which may lead to shutting down cretin programs.

It should be noted here that most of these concerns are driven by ecéaworg which
depend on students’ enrollment. This is more pronounced for private institutions, where a
high percentge of their revenue comes from students’ tuition fees. Nevertheless, these
concerns need to be addressed, especially if this approach founcettoWwaimpact on
student performance.

Our objective in the remaining sections is to examine the effecigasfehe PPT and RP
courses approach on improving the physics background stubdents at the Colleges of
Engineering and Sciences at the University of Sharjah (UoS), Unitad Bmirates
(UAE). In addition, we will examine its impact on the students’ performance in Physics |
and Physics II.

MATERIAL AND METHODS

Established in 1997, the University of Sharjah (UoS), United Arab EmirBtag)(
started implementing the placement testing and remedial courses appooatite f
subjects of physics and mathematics in the academic year 2004T2@08ecision came
about in response to the lower than expected performance of studemtsidns
introductory courses, which included in addition to Calculus I, iekyls other college
and university requirements. The decision was taken in consal&tiong colleagues in
Colleges of Sciences, Engineering and representatives from registratidnjsardtion
and curriculum committee. Ever since, students registered in all Deptstwiethe
Colleges of Engineering and Sciences, have to pass the Physics areimbtath
Placement Tests before they can register in any of their prograssesostudents who
fail to do so are asked to take remedial courses before they are admitted pootraim
of study (see UoS website: www.sharjah.ac.ae

Our study included a comprehensive examination of the effectivarietb®e Physics
Placement Test (PPT) and Remedial Physics (RP) based on statistics colle¢bid at
Applied Physics Department from the academic year of 1999-200008-2009. The
goal is to examine the effect of the PPT and RP on the perfoentdrstudents, and thus
on improving the quality of education at Colleges of Engineerim) &ciences. To
effectively achieve this goal, the discussion will focus on the followwigts:

e A comparison of the overall performance (average grades and passing
percentage) of students in Physics | and Physics Il before and after
implementing the PPT and RP approach.
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¢ Investigating the effect of RP on the performance of Physi¢adests, and
compare their performance to students who met the cut score of TharieP
enrolled in Physics | without taking RP.

e The effect (if any) of RP on the performance of students isesent years
(advanced courses).

e Compare other educational attributes such as the withdrawal and drop-out rates
of students who took PPT and RP to those who achieved theangt and
enrolled directly to the respective programs.

The source of the data presented in this study includes the coursedriles of PPT

and RP, Physics | and Physics Il. These course files contain coutise,olearning
outcomes, assessment tools, mid-term and final exams, as well as coursewstaics,
include grade statistics and class average as well as course report. These files are
available for all semesters since the establishment of the university.

RESULTS AND DISCUSSION
1. Effect Of Placement Tests On Students’ Overall Performance

As mentioned above, the placement tests were firgtlémented in the academic
year of 2004-2005 in response to complaints froracléng faculty about the
students” weak mathematics and physics background. The latter had a direct
implication on the overall GPA and passing percgatavhich was 65% (D+) and the
low passing percentage (around 50%). A number cdaes were suggested for this
low percentage, the most pronounced of which is shadents did not gain adequate
physics background in high school [22]. This was mostraightforward issue to
discuss, especially since these high school graduaave attained very high grades
in high school physics [23,24]. Concerns about pdsy$eaching approaches in high
schools as well as the assessment tools were radspdcially since it was evident
that thes grades were inflated and do not provide proper assessment of the students’
level [23,25,26]. Whatever the reasons may be, mlagural solution that was
suggested is to administer the placement tests, twéthope that these will properly
assess the stadlt’s proper level, regardless of what the grade the obtained in high
school physics. Table 1 summarizes the placemest tesults for the period
2005/2006 Fall semester to the Spring 2009-2010.

It is evident from the Table 1, that the averagespay percentage in the placement
test is 51%, with a slight edge for female studdatsout 2%). Further examination
of the results of the students who passed the test reveals that the students’ grade
average in the PPT was about 63%. It should be nihizdthis is the grade average
for these students in high school physics was 87%h wihigh percentage among
them have 95% and above. This implies that alm68 Bf the students registered
end up taking RP.
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The most important and relevant statistics in gtisdy is the effect of the placement
test on improving the passing percentage and GP#hefstudents in Physics | and
may be Physics Il. The answer to such question ésgnted in Figure 1, which
shows a comparison between the results of Physidsefbre and after the
implementation of the placement test.

Table 1: Placement Test Results from 2004-2005 until Fal®22010

Male Female Total
Academic Year

No of Pass Fall No of Pass Fall Total Pas Fail

Students Students Students s
2004-2005 Fall 96 50% 50% 73 41%  59% 169 46% 54%
2005-2006 Spring 30 57% 43% 8 63% 37% 38 58% 42%
2006-2007 Fall 241 44%  56% 173 44%  56% 414 44% 56%
2006-2007 Spring 78 55%  45% 36 39% 61% 114 50% 50%
2007-2008 Fall 268 51% 49% 207 41%  59% 475 47% 53%
2007-2008 Spring 33 45%  55% 31 52% 48% 64 52% 48%
2008-2009 Fall 323 44%  56% 209 49% 51% 532 46% 54%
2008-2009 Spring 80 61% 39% 79 62% 38% 159 62% 38%
2009-2010 Fall 337 51% 49% 323 52% 48% 660 52% 48%

Figure 1 shows that there is a 10% increase in #ssipg percentage. In addition it
was found the GPA of the students’ grades improved by almost 5%. Since almost
50% of the students have been “filtered out’ by the placement test, i.e. those who did
not meet the cut score of the PPT, one would exglexipassing percentage of the
classes to be higher. It should be noted that ¢kalts of Physics Il was not affected
after the implementation of the placement testsTibiexpected since Physics Il is a
continuation to Physics | and there is a strongedation between the results of both
courses regardless of the placement test.

The second important comparison was between the B&Es high school physics
grades and the final grades in Physics I. The tedor one batch of students are
shown in Figure 2. It was found that the correlatomefficient between PPT scores
and grades obtained in high school physics was lew, @ = 0.4), while the students
final grades in Physics | were found to have highreation coefficient R = 0.72).
This is a clear indication that the placement m@stvided better assessment of the
students’ physics background, and effectively “filtered out” un-prepared students. A
similar comparison has been reported by McFate and Qhwsted Il [5] on
placement tests for chemistry students.
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Figure 1: Comparison between students’ passing percentage before and after the
placement test.
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2. Remedial Physics and its Effect on Improving Students’ Overall Performance

Students who failed to pass the PPT are askecktoR&. The course is designed to
cover topics that similar to those covered in Poydi, but taught at lower level,
similar to that of High School Physics. The mainjestive of the course is to
strengthen the students’ physics background. Students have to score 60% or higher in
the course in order to “Pass” the course. The course does not count in the students’
AGPA and it is assigned zero credit hours so thadents do not feel pressured to
get high scores in the course. University regutetioand bylaws, including
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assessment tools, absence, online teaching amuingaools, and lecture systems are
applied to the RP course. This was suggested toigeostudents with an added
bonus and expose them to the university atmosphate get aquatinted with the
college environment before they start their acadgmogram [1].

In this section, the performance of students indRRwvell as the effectiveness of RP
on the performance of students will be discussedstFihe performance of the
students who enrolled in Physics | after passingiiiPbe compared to students who
met the cut score of the PPT and enrolled in theeseourse without taking RP. To
effectively do this, the progress of three groupstadents was monitored for several
years. The first group, G1, included students enrolled isiB$ | without having to
take the PPT. These include Engineering and Sciences Students in acasiemioripr
to 2004-2005; the year during which the placement tests was rfigérmented. The
second group (G2) included first year students who passed the pladestearid were
admitted into academic program without taking RP. The third group {(&R)ded
students who did not meet the cut score of the PPT and had to tdlefdr® they were
admitted into their respective academic programs. A summary of theadsom is
presented in Table 2.

The first observation in Table 2 is that the stusfeperformance (measured by the
passing %) for groups G2 and G3 was higher than that of G1dlticad G3 (students
who took remedial Physics) had better overall passing percentages iretabters. A
second important observation from Table 2 was that students bejaing®3 not only
scored higher grades in Physics |, but their drop-out and witladinates were lower
than their peers in other groups. It is also interesting to note that hd@erformance of
the same batch of students were followed up in advanced courses (indingisics I1),
it was found that the performance of G3 students is slightlyehititan their counterparts
[27].

Table 2: A comparison between the performance of the groups of stu@ht&2 and

G3).
Spring 2003-2004
No of  Voluntary . Passing
Group Students Withdrawal Absent Forfeit A B C D F %
Gl 61 11 10 3 0 1 11 11 25 48%
Spring 2004-2005
G2 35 4 1 1 2 5 7 10 9 74%
G3 12 2 2 0 1 3 3 2 1 90%
Spring 2005-2006
G2 57 - 3 5 59.2 %

G3 25 - 0 1 66.7%




ENHANCING STUDENTS' LEARNING 375

CONCLUSIONS AND RECCOMMODATIONS

The effectiveness of both Physics Placement Tests (PPT) and RentedimdsRARP)
course was investigated. The parameters studied were related to qualitycaficedu
including proper assessment of students’ physics background, students’ performance and
overall GPA as well course overall passing percentage. It was founth¢hahysics
grades obtained in high school did not provide “true” representation of level of the
students. This was evident from the low correlation coefficient bet®&inhresults and
High School Physics Grades. On the other hand, PPT scores correlatetattachvith
Physics | grades. It was also found that PPT improved the passingll percentage of
Physics | by about 10% as well as the students grades by an averagelma8#ition,
our investigation showed that students who had to take the RRecachieved higher
grades as well as higher passing percentage than those studemetthe cut score of
the PPT. The results of the study clearly support PPT and RP as aadpfwr improve
the quality of education in the Colleges of Sciences and Engineémiggnclusion, the
PPT and RP courses approach may have some disadvantages, mosh afrevinedated
to added cost and prolonging the program of study, howeese tire outweighed by the
advantages this approach brings. It is expected that in thedanthe effect of PPT and
RP courses on the quality of education at UoS will pay its deviancegthrthe
enhancing the image and reputation of the institution. It is hexvegcommended that
PPT and RP should be carefully designed and administered so thattheyhe purpose
they are intended for. The times and frequency of the PPT astidRil be revised. For
example, students should have the option to take the test before the prggltam
begins and be able to do a re-sit the test if they wish to. Remediakesasmould be
available in the summer to allow students to enroll in the regular fall session
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ENTREPRENEURSHIP, SMALL BUSINESS MANAGEMENT,
AND INCUBATION: NEW ENGINEERING EDUCATION TRENDS
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Islamic University of Gaza, Palestine

ABSTRACT: Since 2000, the beginning of the second intifdtle, Palestinian economy is suffering
badly and landing a job is a challenge for expegenengineers not to mention recent graduates.
ANERA initiated the establishment of six IT centdrexcellence in six Palestinian Universities tdphe
create an entrepreneurship environment and helptecr@bs. Moreover, it initiated a business
fundamental course that covers the topic of engregurship and small business management. The
Islamic University of Gaza ran this course for tsemesters for a total of six credit hours. Studemt®
chosen based on a certain criteria and distribatedeveral engineering disciplines. The course was
piloted over two years for the years 2006-2008 204 students enrolled. The course was taught be
several experts. The first part of the course m/ghree main topics: business communications,
business fundamentals and finally the entreprehgure/hile the second part of the course coveregeth
topics: how to get fund, the structure and lawhef ¢orporate, and building a business plan. Aetiteof

the course students were divided into teams wlemk ene presented a business plan for a new company
and each team was evaluated by a team of expeztl lmastheir technical merit and their business .plan
Graduates of this course were able to use this letme in developing their senior year projects.
Moreover, some of the graduates of this course welexted to enroll in IUG ICT incubator as a result
of their senior year projects and business plais paper will show the details in developing thisikse,

the novel mechanics of running it successfully,dbcomes of this course, the potential of its gedes,

and finally successful stories.

KEYWORDS: Entrepreneurship education; IUG; Incubator; BussnEundamentals.

INTRODUCTION

With the emergence of the knowledge-based economy, more attensonohee to
entrepreneurs and how they can make effective use of innovatiagratimg information
and knowledge in order to constantly create value for them. The rplattd
entrepreneurship is the most important policy in technology innovatitrepreneurial
information diffusion, and operation fund access. Entrepreneuisteémerging as the
engine of economic growth and job creation in communities thraghe world [1]. In
a business environment the community with leadership that under@todsgial role in
supporting entrepreneurship has a clear advantage.

Information and Communication Technologies (ICTs) are now widebemied by
developing countries as a critical tool in their efforts to eradicate poverty, erthanea
development, and achieve development goals. Therefore, infrastructure initeives
development strategies incorporating ICT are being increasingly promotethunched
over the world. Engineering and IT education is the vehicle tof&raaatrepreneurship
skills and move to entrepreneurship education [1].
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Palestine occupied territory and split in two geographical parts: West Bank and Gaza
Strip, has very scarce natural resources and still without any contitsl loorders; thus,

is relying heavily on foreign aids and donations. Since ICT inguktes not depend on
physical movement, the Palestinian National Authority (PNA) endorsed |I@&uelop

its domestic economy; thus, minimizes the effects of Israeli militaggrictions on
movement, and communicates with the rest of the world [2].

With 50% of its population below the age of 15, with literacy rat®@28b, the highest in
the Arab world, with its human resources as the only natural e=oat hand, the PNA
is trying jump into the ICT revolution by utilizing its young educapegulation and

started to focus on ICT as one of the main economic driver and engibygagments

[3].

ICT industry does not require major initial investments and that ICTHugte and
services are not bounded to the Israeli military measures of closures or lachtiaf
over borders, the PNA set the stage to build its ICT national strakbgyPNA through
the Ministry of Telecommunications and Information Technology ssbaés
mainstreamed ICT as part of its national development strategy over the past decade.

Building a Palestinian information society that facilitates information accea$ &md
adopting IT as basic means of moving the Palestinian people forward lzedirg its

goals in all facets was adapted as Palestinian’s ICT strategy in 2005 [2]. The local
market is not growing and the economy is suffering; thusyave employment activities

will be in the near future. Therefore, the only chances is in creaiicrg and small ICT
enterprises that will pick up the pieces and solve the unemployment prdigégmin
solving the poverty problem, and utilize the energy and poweruthy® he driving force
behind this will be entrepreneurs who will create their teams and build up their
companies from scratch.

The persistence of high unemployment in Gaza Strip has become a nadlemgshto the
Palestinian people. The excess supply of graduates has become more nuBetwRen
1995 and 2005, educated unemployment rates rose from 21% in 192%to 2005.
The number of unemployed graduates doubled four times duringethiat, increasing
from 20 thousand in 1995 to 80 thousand in 2005 [4]. tWiethigher education sector is
not demand driven in supplying specific outputs to the local labokenafherefore,
there is a need to diversify and upgrade the quality of all Palestiniantiosiit of higher
education given that the major objective of higher education systam sapply the
society with highly skilled, well-trained and active graduates [5].

Over the last five years, Gaza Strip was in the mix of a blockade by thie dsnag The
economy suffered a great deal of damage and employment agipestdiminished very
quickly. The ICT field was no better than any other field, were local aomp closed
their doors and the only survivors where a few ones that managsetve the local
demands. Most type of employment was either temporary or paat-ti

The Islamic University of Gaza (IUG) is an independent Palestinian institotated in
Gaza. IUG is the first higher education institution established in Gaza in @ai@ntly,
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IUG has ten faculties and more than 40 departments introducing BA, B.ScMN&.,

and higher diploma in a variety of disciplines. The academic staff at IWGhéo
academic year 2008/2009 is 535. Students specialized in engineerinf accbunt for
about 3500 students. The Engineering College recently won the 2a649d Investment
Bank Prize.

The goal of the Islamic University of Gaza (IUG) is to offer mdangnhancing overall
economic growth and development in Gaza Strip and creating employment ofijgstu

IUG has developed several academic links and signed several agreements of academic
cooperation with international agencies and universities. It has also condectzdl s
projects in collaboration with local and international organizations and ingtigutio
situated to upgrade the skills of its graduates.

Graduates in engineering and ICT field from IUG ranged over 280 dynlvadst of
them are facing unemployment. In order to reduce the unemploymertiens; the
Islamic University of Gaza in partnership with ANERA startedaipcubation business
training course. The course runs for two semesters and covecsesiix hours. The
course covers business fundamentals such as feasibility studies, langg gapital
venture, business financing, marketing, start-up companiesrarepreneurship. Over
the last three years, over 180 students completed this course. Tilsis iintended to
help graduates to start-up their own companies and help them realizeuthesdr ds
entrepreneurs.

This paper documents IUG experience in implementing this courselesighing the
educational activities. This paper also shows the details of the course spensictne
novel mechanics of running it successfully, the outcomes otthisse, the potential of
its graduates, and finally assessment and evaluation of the course. Thisaf=p
contributes to transfer engineering programs to entrepreneurship educéatie
developed model will help other engineering programs in the Arab wobénefit from
this experience and give clear view of all activities that were performed dbhenigst
three years.

This paper is organized as follows: section 2 covers the course spicifcaection 3
describes the course implementation over two years, section 4 covers tse cou
assessment and evaluation, and paper is concluded in section 5.

COURSE SPECIFICATIONS

As part of ANERA policy to develop and enhance ICT in Palestine, ANERA heiged
Palestinian universities in building IT centers of excellence. One of thetés being
established at IUG, INTEL ICT Center of Excellence. ANERA continued fipati of
the Palestinian universities and offered help in developing the skiiBTofraduates and
enhanced their business and entrepreneurs skills. The objective of AAMER to
develop and promote entrepreneurial learning, in a lifelong learning pevepexs a
central pillar in the wider effort to promote competitive economies.
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The “ANERA Business Fundamentals course for IT and Engineering Students” had two
objectives. One was to put in historical perspective the growth of eenapital and
private equity financing by analyzing why it has grown, why aow h has changed and
where it may likely grow in the future. Two was to introduce sitsl to the various
sources of financing for start-ups and expanding technologypanies and through case
studies, assigned projects, lectures and guest speakers developsticahnal
methodologies and techniques to define capital needs and access finsmaiogs.
Sources of financing examined included private and business angsitdrs, PNA
supported funds, venture capital, donation funds and corporatgrivesat funds.

The course outcomes were such that graduates of this course were expected to:
Recognize real practical aspects on business fundamentals and entrepigsieurs
Develop feasibility study for an ICT business idea; Recognize market sltaceegiop
marketing strategy for products/services; Build a financial strategy on figabasiness
ideas; Work effectively with others and develop leadership skills\eldging business
proposal.

The approach was practical and hands-on with emphasis on prebleimg, student
presentations, group interaction and meetings with practitioners frontodhe area.
Attention was given to financial theory, risk assessment, risk-retraatdoffs, valuation
techniques, term sheets, due diligence questions, financial reportsriiboning progress
towards meeting milestones, exit strategies, networking and presentationegtoiis

[5].

Case studies from local and regional area were assigned for students to oritioge
first course while in the second course teams prepared businas#\dlat of specific
readings and assignments by class date and a bibliography were poshed conrse
website.

The course required weekly attendance and prompt arrival in class. tStedereeded in
this class when they carefully did the assignments on time aivelgarticipated in
class discussions. Together these represent 70% of a student’s grade. The business plan
project represents 20% of the grade and the presentation and the reperhaiwng
20%.

The case study was presented by teams of 2-4 students. The teantapioesewere
short and required students to guide the class through a case in les8 thiamt2s and
distribute a 1-2 page handout. Grades were determined by succinctness andafclarity
presentation.

The business plan project is a team effort, 2-4 students. The dbthis business plan
project was requesting and justifying financing for a businegke first step was a
convincing plan that included an executive summary, the market foprtiduct or

service that the company provided, the business model, the managearentthe

financing plan and how this will be executed including amount, tiraimdy sources of
funding with implications of the financing strategy for owingps (cap table) and
investors (rate of return), cash flow and the balance sheet, andkbieeward analysis
as well as the value added proposition to investors, proposed exitystateterm sheet.
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The project is an investment proposal, less than 20 pages (typdde dpace) excluding
attachments, e.g., detailed financials. Teams were invited to make a 10-20 poivate
point presentations to public audience.

The course topics include: Business communications, reporting and sprety]
business fundamentals: accounting, marketing, management, fimrahbesiness ethics,
entrepreneurships: venture capital, stages of finance and sourcegpital, agetting

funding: venture capital, financial theory, banks and venture capitapanviders of

capital, corporate structures and laws, protecting your idea, building aefsigitan:

business plan, market, product/service, budgeting and managentengcammerce [6-
8].

The ANERA course is six credit hours distributed evenly into ®westers. The course
was allocated the amount of $60,000 over two years where it costments' tuition
fees, textbooks, instructors fees, supervision and coordinatioriachities. The course
textbook is titled: Business: An Integrative Approach, third edition, by FrgdCharles
Stoner, and Richard Hattwick, (Irwin/McGraw-Hill, New York, NY), 2003. Tduoairse
used the following references: David Gladstone, Venture Capital InveEtiggeywood
Cliffs, Prentice Hall, 2004; Mark Van Osnabrugge and Robert J Robinsogel
Investing, Harvard Business School, 2000; Andrew Sherman, RaisingalC&md
edition, Amacom Books, 2005; Josh Lerner, Felda Hardymon and éaman, Venture
Capital and Private Equity: A Casebook, John Wiley and Sons, 2004; Papke@oand
Josh Lerner, The Venture Capital Cycle, MIT Press, 1999; GompersamhWilliam
Sahlman, Entrepreneurial Finance: A Case Book, John Wiley & S002, 2

COURSE IMPLEMENTATION

According to the agreement between IUG and ANERA; IUG lunched tbiepfart of

ANERA course in the second semester of the academic year 2006T2@0Zourse was
give the names and codes: Business Fundamentals 1 &2, BUSE48%92. The

targeted students were 3rd year IT students (IT and computer sciandelfith year
engineering students (electrical, computer, and industrial). The amassain and taught
by the Business College.

The enrolment criteria for this course was : Student should bgeardIT or 4th year
engineering, have a GPA above 80%, be fluent in English (oral anuhgjkribe

committed to take the sequence of the two courses, and consider applycwutbe
outcomes in his/her graduation project. The course offered tuition wite free

textbooks. The course is repeated for two years and a total o$td@dnts enrolled.
Enrolled students for 1st year totaled 51 students distributed as:foll®8, Computer
Science 2, Computer Engineering 14, Electrical 6, Industrial 6, wheiergmces were
given to students who met the criteria and registered first. Enrolleenssufibr 2nd year
were 53 students distributed as follow: 20 IT, 3 Computer science, ob3p@er

Engineering, 11 Electrical Engineering, and 6 Industrial Engineering.
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The course had an academic coordinator who was in charge of dedhinigistructors
and students. He also dealt with grades, assignment, course schedules, caseastldie
communication between students and instructors. The course also hadiaisteative
coordination who handled the cooperation among the three colleges andah®lex
communication with ANERA. He also oversaw the implementation of theseoas
planned, in addition to assuring the quality of course outcomes.

The course was taught by 14 experts with PhD degrees covered 25xbpiescach one
covered topics in his research and interest area. All instructors were formdime$3u
College except on from IT but was from outside the universitycHiag was carried out
mainly in English. The course materials were available through the coursievnasins

the instructors' websites. Students were not able to receive the texthmolsthe siege
on Gaza, although the textbooks were ordered in advance. Teachingrriecs @at in a

workshop setting which required active participations from students.

The student's evaluation criteria in the course were based on the fgtlowdfo
assignments, 20% Case study and 10% presentation and report. Studentategphec
Evaluation criteria, although feedbacks on assignment were late (delayed fntlest o
time). Forms for evaluation the reports and presentations were not provitled.
Business College Dean complained of the high grades in the course (aveteagk83)n
although this is understandable taking into consideration the quality afeghstudents.
Public presentations and assessment of students work were held at the emed of th
semesters and external experts participated in evaluating students work.

The case studies and business plans were evaluated by course teachersf deans o
concerned faculties and external guests (UNRWA and ANERA). All case studies
students performed, were under direct supervision of specialized instruéach
instructor was responsible of monitoring and evaluating the progfessch case study.
Case studies were connected to the students' senior project where simplemented a
business plan for their projects. Business Plans were for: Xnovel fodidnafis
Products, Smart House, IT Entrepreneurs,—Hiec Company, Alawael Ce. Software
Development, Al-Rayah Co- Engineering & IT, Smart- Way Cartoon, SCADA
Pioneers, The Pioneer Company, PCB's Manufacture & Design, Jen@onfipany,
Pharmaceutical Company, Publisher company, NET Solutions company&wnguany,
Pharmaceutical Factory, Baladna company for Cheese.

Four projects were accepted to be hosted at the IUG ICT incubatortews were able

to start up their companies, Xnovel for Handicraft Products and AlawaelSGitware
Development. One project won the College of Engineering 2008 Best Senior Yea
Project Award, Smart House.

COURSE REVIEW AND EVALUATION
At the end of the second year of running this pilot course isideanust be on whether

to adapt this course as part of engineering and IT curricula or ramtagfted how it will
fit in and how it will be run. In order to accomplish this task, d@erg and evaluation
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committee was formed. The committee consists of five experts fromeiasid outside

the university (one from the national review team of IT and endimegrograms,
another is the head of the quality unit at the university).

Several activities took place to assess the course such as: Committee members
interviewed a sample of the course students, students who completibe alburse
phases, committee members met the course teacher and deans of bothiBEgginddf
Colleges in addition to the heads of department participated in the course. Afiter tha
meeting with the academic affairs were organized in order to disessstsr and
consulate with them on further actions. The committee also met with cogtagiars

and dean of Business College. The committee also reviewed all course dtscumen
conducted questionnaire targeting students and graduates of the codreeuase
instructors. These activities were distributed over two weeks. The committed iasu
review report that evaluated the academic and financial aspects of the course.

The committee concluded that the course was a great success and a fresh thir in bo
engineering and IT programs. Instructors were able to transerekperience to their
students during their meeting and supervision of the case st@dielents were highly
satisfied with the instructors' qualifications, experience and performances iootlrse.
Engineering students were the most satisfies with the coutsenoes since it developed
their administrative and management skills. The course exposed thesw tbefd of
knowledge, enabled them to expand their skills beyond their specializationpandd

new field and horizons for employment. The Business College did atanding job in
running the course and the supervision of the business plans.

The feedback on assignment was weak and most of the time delagly.grStudents
complained that the amount of information and activities were enormailisthan

required to designate more time and efforts to the course. A majority istutdents

complained about the number of instructors (14) that resulted orettotiggacquainted
with them. Students were not satisfied with the grading criteria &septations and
reports that were not based on standard forms.

The committee made the following recommendations: Changing the course title to
Business Fundamentals and Entrepreneurships, adapting the colsth lepgineering

and IT programs as elective course, continuing with Businesgédo run the course,
reducing the number of instructor to about 4-5 each semester, osing in grading
presentations and reports and providing timely feedback to studentsgniragsi
supervisors for the case studies and business plans to monittoilandtheir progress,
creating and designing course web site that will contain all needed materialg addin
final exam as part of the grading criteria with not more than 30% tveigt finding
funding to provide tuition and textbook free course.

SUMMARY AND CONCLUSIONS

Providing Engineering and IT colleges' students with basic businedarhentals helps
them in establishing and funding their IT related business as ésr#i® managerial
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aspects of their study. Depending on this view, ANERA supportguloa course,
business fundamentals, that were designated to engineering and IT students.

This paper talked about a partnership between the IT and EngineadribeaBusiness
Colleges in running an entrepreneurship education. The course wageatly by the
Business College. The course setting was not typical and the evalréioia were not
the standard. The course was run over two semesters and 104ssardetied in it. 14
instructors were involved in teaching 25 topics related to small and mexfitarprises
and entrepreneurships. The course provided an entrepreneur educatiaveustudents
an opportunity to develop practical skills in developing their own prises; thus,
creating their own employment.

In order to measure the success of the pilot course, the pilot coursessessed and
evaluated by an committee to decide whether to approve the course as aa etecte
for both Engineering and IT students or not and it was recoaedeto be an elective
course. This recommendation showed that the course was successfudlgechaand
taught in commitment with the course description ANERA proposed.

The course ran smoothly and student performed well in this colineee were some
successful stories where some teams were hosted at IUG ICT incubater stahtexd up
their own companies, and one team won an award. The Business Gudlsgeery
successful in the delivery of the course. The limited numberudests in the session
(25 students) was a factor in the success of this course. The e@srselapted at both
IT and Engineering Colleges as an elective course.

The paper make the following recommendation: engineering pregrahould

concentrate on entrepreneurship education and provide their studentisolgtto enable
them to create their own employment, engineering programsdssimgly this experience
and form a team to adapt this course as part of their curriculum eghelective or

compulsory course. The Business College is the right place thisuoaurse. A team of
instructors should teach this course and the student's grading critauld bl selected
carefully with written exam, if part of it, not to account for morentBa%.

ACKNOWLEDGMENT

The author would like to thank all who made this course successful spéaiiiy Elaf,
academic coordinator, the members of the evaluation team, the instraotrthe
students.

REFERENCES

[1] Hatem Elaydi, Halima Abed Elazeez and Ahmed Shokry, Operation and
Development for Islamic University IT Incubator: Study ldentifying Treadsl
Future Directions ICT and Incubation, Quality Improvement Fund (QIM)inistry
of Education and Higher Education, July 2009.



ENHANCING STUDENTS' LEARNING 386

(2]

(3]
[4]

[5]

(6]
[7]

(8]

Palestinian Central Bureau of Statistics, 2008. Business Survey on 2@,
Analysis of ICT-Access and Usage of Enterprises in the Palestinian Territo
Ramallah - Palestine. June 2009

PCBS, Statistical Guide of labor Forces Ministry of Labor; PCBS, Conditibns
Graduates: H igher Education and Vocational Training Surveys 2006.
Palestinian Central Bureau of Statistics (PCBS), Labors Surveys; Upthistics
from Ministry of Education and Higher Education, 2005: PCBS, Giomd of
Graduates: Higher Education and Vocational Training Surveys, 2005.

Mohamad Migdad, Hatem Elaydi, Sanaa Abu Dagga, Mohamed AljaffiygnA
Alholy and Kalid Dihlez, Developing a Unified Graduates' Tracking Systeimeat
Palestinian Tertiary Education Institutions (PTEIs), Tertiary Educatiarje&r
Ministry of Education and Higher Education, Palestine, March 2008.

Branding, Dickinson College, accessed March 7, 2010, online:.diekinson.edu.
Three Ways to Obtaining Vane Capital”; Price Waterhouse Coopers LP, accessed
on Feb. 15, 2007, online: www.pwcglobaltech.com.

Frederick J. Beste III, “The Twelve (Almost) Sure-Fire Secrets to Entrepreneurial
Success,” accessed on Feb 15, 2007, online: www.mavf.com.



Comparisons of
Engineering Education






BENCHMARKING AND COMPARISON OF ENGINEERING EDUCATION 387

DO UAEU CIVIL ENGINEERING GRADUATES GET
COMPARABLE EDUCATION TO GRADUATES OF WESTERN
UNIVERSITIES?

Mohamed M. Mohamed and Mohsen M. Sherif
Civil and Environmental Engineering Department
United Arab Emirates Universit@l-Ain, United Arab Emirates

ABSTRACT: Civil engineering in the United Arab Emirates has been the focus of the country’s
developments since its birth 39 years ago. Thegs=ibn of civil engineering is, without doubt, the
cornerstone of UAE economy. However, most of thél @ngineers who work in the countless
projects in UAE are graduated from non-UAE univiéesi. This probably raises a concern about the
quality of the civil engineering education in UAE. iShpaper is an attempt to investigate this
concern through presenting a comparative study &etwthe civil engineering program at the
United Arab Emirates University (UAEU) and seveRarth American universities. This study will
help assessing the quality of the civil Engineenimggram at UAEU and providing new directions
for improvements.

KEYWORDS: Civil Engineering Program; UAE UniversityCurriculum Development; Higher
Education.

INTRODUCTION

The United Arab Emirates University (UAEU) is the oldest and probaldynilost
comprehensive educational and research institute in the UAE. UAEU wakisbstzlin
1977; only few years after the birth of UAE. Now, UAEU inclutiers colleges that offer
more than fifty Bachelor Degrees and fifteen Masters Degrees in diffés&htih May
2009, the UAEU announced the launch of the first PhD program at aalatioiversity

in the United Arab Emirates. The Civil Engineering Department at UAEU was
established in 1980. The name was changed later in year 2003 to the Civil and
Environmental Engineering Department (CEED) as an indication of the ohepart
involvement and care about emerging environmental issues that wedeckfin the
courses offered to the students. Yet, the name of the program rema@ecivih
Engineering (CE) Program till date. Graduates from the departreeeive Bachelor
degrees in Civil Engineering.

Faculty members and staff of the CEED have been always lookirgxdetlence in the
educational services they provide to the students. The department ret¢késed
recognition of “Substantial Equivalency” form the Accreditation Board for Engineering
and Technology (ABET) in 1998 and 2004 for six years eakls. rEcognition indicates
that the program offered in the CEED at UAEU has been equivaleimiitarsaccredited
programs in USA and other countries during the period from 1998160. In 2007,
ABET allowed programs from universities outside USA to applyfdtiraccreditation.
This was nothe case before 2007 and “Substantial Equivalency” was considered to be
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similar to full accreditation. The CEED has applied for full accreditation of the C
program at UAEU and the process is currently ongoing.

CIVIL ENGINEERING PROGRAM AT UAEU

The CEED offers a traditional Civil Engineering (CE) prograrthvemphasis on design,
computer skills, and hands-on laboratory experience. Students take nit@te@ourses
that cover all basic civil engineering areas, and select three out of seventeer electiv
courses to integrate, in a balanced way, the broad civil engineering disciplinentStud
in the CEED take courses in four major areas of civil engineering; pastreictural
engineering and design of concrete structures, water resources anonreental
engineering, transportation and highway engineering, and geotechnitaonstruction
management. Courses offered in these four disciplines are categorizednactmrithe
area in Table 1. Elective courses are listed by area in Table 2. Student enhinlthen
CEED is among the highest in the College of Engineering. The esmbloh students in
the department is continuously increasing. Table 3 also provides infonnzdtaut the
number of sections offered in all courses offered during the lasteatic year. The
average number of students per section is fifteen. Students are remuisde three
elective courses from four baskets (Table 2) covering the aforementionginis.

The program also incorporates and integrates different themes other thaeeengi
including mathematics, humanities and science. Table 4 classifies coifseis than
specialized civil engineering courses) into different theme groups. $ueerolled in
these courses will build the basic elements that will help them to be prepared f
professional career in the CE discipline. For example, the progrdens oarly
introduction to engineering design, where the experience begins with “Introduction to
Engineering Ethics and Design” and “Engineering Practice and Entrepreneurship”. In
these courses, students start to develop necessary skills, which are cultateatedthe
specialized courses and the “Graduation Project (I & II)”. Also, students in the CEED are
required to complete 33 credit hours of college-level mathematics and basic science
courses beyond the University General Requirements Unit (UGRU). Thesseso
include Math courses, Statistics course, Physics and Engineering Appkcaburses,
General Microbiology course, and General Chemistry and Engineerinjc&tmgms
course. Courses of Mathematics and Basic Sciences contain sufficientdoaver the
material usually contained in math, chemistry and physics courses. -Blands
experimental laboratories are used in the physics, chemistry, and microbiologes.
Study of mathematics is beyond trigonometry and includes differential angrainte
calculus and differential equations. Civil engineering students takeisthgifwith lab)
and differential equations/linear Algebra in the sophomore year.

Engineering probability and statistics is another area that is coverhd DB program
that would help any student to continue his/her studies in the civil enigipekscipline.
Engineering probability and statistics competence is developed as part citdapo
assignments in several courses, where students perform statistigailsaofthe results.
Engineering courses also include probability and statistics. For instance, the “Eng.
Statistics” deals with statistical analysis as a tool to solve problems.
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Table 1: Technical Core Courses by Area in the CE program at UAEU.

Code Course CHs
Water and Environment
CIVL 270 Introduction To Environmental Eng. 2
CIVL 325 Water Resources 3
CIVL 375 Water & Waste Water Tech. 3
CIVL 345 Fluid Mechanics For Civil & Arch Engrs. 3
Total 11
Surveying And Transportation
CIVL 330 Transportation Eng. 3
CIVL 335 Surveying 3
CIVL 433 Highway Engineering 3
Total 9
Geotechnical And Construction Management
CIVL 442 Foundation Engineering 2
CIVL 445 Construction Management 3
CIVL 340 Soil Mechanics 3
Total 8
Structural Engineering
CIVL 310 Structural Analysis 3
CIVL 360 Concrete Technology 3
CIVL 365 Reinforced Concrete Design | 3
CIVL 412 Reinforced Concrete Design Il 4
CIVL 417 Structural Steel Design 3
GENG 240 Statics 3
GENG 305 Mechanics of Materials | 3
MECH 390 Engineering Materials 3
Total 25

Table 2: Technical Elective Courses by Area in the CE program at UAEU.

Course CHs

Water and Environment

CIVL 520 - Special Topics in Water Resources and Eng. En
CIVL 522 - Advanced Environmental Engineering

CIVL 524 - Geo-Environmental Engineering

CIVL 525 - Hydrology

Surveying And Transportation

CIVL 530 - Special Topics in Transportation Engiregr
CIVL 531 - Topographic Surveying

CIVL 534 - Computer Aided Mapping

CIVL 538 - Advanced Highway Engineering

CIVL 539 - Traffic Engineering

Geotechnical And Construction Management

CIVL 540 - Special Topics in Construction Management
CIVL 541 - Special Topics in Soil Mech. and FoundatEng.
CIVL 547 - Advanced Construction Management

CIVL 548 - Advanced Geotechnical Engineering
Structural Engineering

CIVL 510 - Special Topics in Structural Engineering
CIVL 515 - Advanced Concrete Technology

CIVL 517 — Matrix Structural Analysis

CIVL 552 - Advanced Steel Design

Wwww WwWwwww Wwww

wWwww
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Table 3: Course and Section Size Summary during the last academic year.

No. of Sections Offered in
last academic Year

Introduction to Environmental Engineering 5

Structural Analysis

Computer Aided Drawing

Water Resources

Transportation Engineering

Surveying

Soil Mechanics

Fluid Mechanics

Concrete Technology

Reinforced Concrete Design |

Water and Wastewater Technology

Reinforced Concrete Design I

Structural Steel Design

Highway Engineering

Foundation Engineering

Construction Management

Special Topics in Structural Engineering

Statics

Mechanics of Materials |

Engineering Materials

Course Title

DO WWWWWADMNOPAOOWWOO

Also, the "Transportation Engineering" contains Probability & Statistiostent.
Working in teams is important to acquire the techniques and skills neetitiership,
making decisions, communicating, building trust and managing cenflidt Such
techniques and skills especially in oral and written communication require a
comprehensive approach of a taught course [2,3]. CEED studentsEa b exposed
to significant hands-on experience and collaborative learning through seesigh
courses and projects as well as the industrial training. Each student pandt agne
semester as internship to fulfill requirements for graduation. CEE@ests develop
strong oral and written communications through multidisciplinary teamwodourses
and projects which has resulted in a significant improvementeiiutility of student’s
presentation skills. One manifestation of this is the increased involveshémdustry
partners in both industrial training and graduation projects. The $tudenome more
rounded and more prepared to engage in practical engineering tasks.

An essential criterion that has been carefully considered when sitirogirrent version
of the CE program curriculum is to ensure the consistenayeleet the curriculum and
the intended program educational objectives and program outcome=vised set of
program outcomes has been implemented since March 2008. rAasyrof the revised
CE program outcomes that describe what the students are expected tor leable to
do by the time of graduation from the program. These outcomes are:

e An ability to apply knowledge of mathematics through differential equations,
calculus-based physics, chemistry and biology
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e An ability to apply knowledge in the technical areas of structural engineering,
construction management, surveying and transportation engineevatgy
resources and environmental engineering, and geotechnical engineering

e An ability to design and conduct civil engineering experiments, as well as to
analyze and interpret data

e An ability to design structural, highway, transportation, hydraulic

environmental, and geotechnical engineering systems, componeptecesses

to meet desired needs

An ability to function on multi-disciplinary teams

An ability to identify, formulate and solve civil engineering problems

Adherence to ethics, safety, professional responsibilities and licensure

An ability to communicate effectively in oral, written, graphical and visual

forms

e Comprehend the impact of engineering projects and solutior®ewotiety and
the local and global environment

¢ Recognition of the need for, and an ability to engage in life-longitearn

o A knowledge of contemporary issues related to Civil Engineering

e An ability to use advanced techniques, skills and modern engineering tools
necessary for engineering practices

e An ability to apply basic concepts in management, business, pulity pod
leadership

The program outcomes are intended to help the program graduatebidgeathe
following longer-term program objectives:

e Be committed to highest standards of ethical practices, and high level of
awareness of social, economic, and environmental issues relevant twilthe ci
engineering profession.

e Successfully deal with real life civil engineering problems and aehpeactical
and optimum solutions based on sound science and engineering #gewle

o Efficiently design, build, and/or evaluate a civil engineering systenpoosnt
to satisfy certain client needs per design specifications and/or interdisciplinary
requirements.

o Effectively use modern engineering tools in all aspects of professioactiqes
including technical communications.

e Develop and update their knowledge, leadership and skills to keep ughwith
rapidly evolving technologies.

Table 4 shows the consistency between the core courses offered BEtprogram
courses and the above mentioned program outcomes. The same table indicateh that eac
outcome is addressed by at least six courses. Accomplishment of all intengi¢drian
objectives by the program core courses is illustrated in Table 5.ielw of the
information provided in Tables 4 and 5, it can be observed that theesanifered to

CEED students ensure full coverage to the program educational outandhebjectives.
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Table 4: Mapping CE Core Courses to the CE Program Outcomes.

CE Courses CE Program Outcome

Ol 02 03 04 06 o7 08 09 010 011 012 013

05
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CIVL 270 - Introduction to V V V V y v y

Env. Eng.
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CIVL 310 - Structural \/
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CIVL 315 - Computer Aided
Drawing

CIVL 325 - Water Resources

CIVL 330 - Transportation
Engineering

CIVL 335 - Surveying
CIVL 340 - Soil Mechanics

CIVL 345 - Fluid Mechanics
For Civil & Arch

CIVL 360 - Concrete
Technology

CIVL 365 - Reinforced
Concrete Design |

CIVL 375 - Water &
Wastewater Technology
CIVL 412 - Reinforced
Concrete Design Il

CIVL 417 - Structural Steel
Design

CIVL 433 - Highway
Engineering

CIVL 442 - Foundation
Engineering

CIVL 445 - Construction
Management

CIVL 495 - Industrial
Training

CIVL 585 - Graduation
Project |

CIVL 590 - Graduation v
Project Il
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Studies have shown that engineering design is a crucial concept irtahediacational

and learning experience [4], and its success depends on the implemeottatiprogram
which integrates a number of desirable educational approaches. The major design
experience presented by the CEED primarily aims at producing competent &llliypni
equipped with the highest and latest international standards of desigmwddn to
successfully achieve this objective, students utilize their earlier civil enigigee
knowledge already acquired in their engineering science courses fromréhefcine
curriculum as well as those from the technical electives. In addition, studequire
further CEE knowledge and skills through multiple means: industriaingpifield trips
closely related to the courses content, as well as the continuous anadl rtlags
discussions tackling the realistic problems and constraints in the field ofacigi
environmental engineering. To enhance this major design experieniogisviield trips

are organized to ensure that the CEE students are able to establish a balaeer betw
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their on-campus course work and the realistic needed engineerndgrsta and different
constraints which they will experience in their future professional car8exsh trips
provide an excellent opportunity for the students to have a better undergtar the
realities of professional practice relevant to economical, environmental, ethiddh, hea
safety and social aspects.

Table 5: Mapping of CE Core Courses to the CE Program Objectives.

CE Courses CE Program Educational Objectives
1

GENG 240 - Statics N

CIVL 270- Introduction to Env. Eng. v

GENG 305 - Mechanics of Materials |

MECH 390- Engineering Materials v

CIVL 310 - Structural Analysis

CIVL 315 - Computer Aided Drawing

CIVL 325 - Water Resources

CIVL 330 - Transportation Engineering
CIVL 335 - Surveying

CIVL 340 - Soil Mechanics

CIVL 345 - Fluid Mechanics For Civil & Arch
CIVL 360 - Concrete Technology

CIVL 365 - Reinforced Concrete Design |
CIVL 375 - Water & Wastewater Technology
CIVL 412 - Reinforced Concrete Design Il
CIVL 417 - Structural Steel Design

CIVL 433 - Highway Engineering

CIVL 442 - Foundation Engineering

CIVL 445 - Construction Management

CIVL 495 - Industrial Training

CIVL 585 - Graduation Project |

CIVL 590 - Graduation Project Il
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The climax of the major design experience in the CE program éhedathrough the
capstone six credit-hour courses (graduation project | and graduatjeatpbowhich are
performed over the entire senior year of study. This capstqrerierce of the college
study ensures that the CEE graduates are appropriately prepared to becassfiducc
practicing engineers upon graduation. The offered projects are classifiedwimto t
categories either a design-build or a design-study (analysis) typeathinchtegories,
students make full use of the knowledge and skills acquired in ecoliese work. The
administration of the project, including the coordination to monitor #neeldpment
progress, the student evaluation, the application of the college-wideatfoion
developing and writing, and the organization of common lectures is camiebyoa
college-wide supervisory unit. The unit, in addition to the previomsyntioned roles,
ensures cooperation with industry in the country where appropriate amdtifom of
interdisciplinary teams within the college. The grading of the project doesnty
tackle the technical content, but also the professional conduct and progress of the team
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CIVIL ENGINEERING PROGRAMS IN USA (ABET CRITERIA)

The criteria of the Accreditation Board for Engineering and Technol&B¥T) ensures
that graduates of accredited engineering programs are adequately qualifieterto
professional work life. CE is accredited by ABET and it is a well-recognilesgee
program in the USA. ABET goals are to guarantee quality graduates fromgiheexng
programs, to adequately provide graduates with skills, and to mothaptevements in
the engineering education. The 202011 ABET CE program criteria related to
curriculum and faculty are listed below [5]. ABET has given desigmerigineering
education very special attention; engineering programs should hotteach design
courses but also integrate design concepts into their engineering curriéllum

Curriculum

The program must demonstrate that graduates can: apply knowledgattegnmatics
through differential equations, calculus-based physics, chemistry, ameasit one
additional area of science, consistent with the program educational objectivls; app
knowledge of four technical areas appropriate to civil engineering; conzuitt
engineering experiments and analyze and interpret the resulting datm desystem,
component, or process in more than one civil engineering context; eRpkimnconcepts

in management, business, public policy, and leadership; and explain tbeange of
professional licensure.

Faculty

The program must demonstrate that faculty teaching courses thatraaeilprdesign in
content are qualified to teach the subject matter by virtue of professional fiegosby
education and design experience. The program must demonstrate thatt itigically
dependent on one individual.

COMPARISON BETWEEN CE AT UAEU AND SELECTED US UNIVERSITIES

A comparative study is performed to assess the CE program agaipso@ams in five
well known US universities. These universities are listed in Table 6. The istidgled

the number of credit hours devoted in each program to several eiginaad none
engineering requirements. None engineering requirements incloases related to
languages, social sgices, communication, humanities, arts, economy; ethics...etc.
courses related to engineering requirements are separated into math and basis scie
courses, engineering core courses, civil engineering core courses, civieezing
elective courses, industrial training and internships, and a graduati@ctproable 6
summarizes outcomes of this comparative study.

Among all programs listed in Table 6, CE program at UAEU has theesigotal number
of CHs in the program as well as total CHs. This is because UABVdpr42 CHs of
none engineering requirement much more than all other univerditieshighest other
university is Missouri university of science and technology twinkgjuire 24 CHs of none
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engineering courses. Another reason of the high number of td&apfeferred by the CE
program in UAEU is the inclusion of CHs of industrial training graduation projects in
the total CHs of the program. This is not the case in most universitibswae g1 Table
6. None of the selected universities count CHs for industrial trainingth@nchaximum
number of CHs devoted for graduation project is 3 CHs. To have a fapacson, we
excluded these CHs from the total count of CHs offered by the pnoggashown in the
last column in Table 6. This column shows that the total count of fis college
requirements as well as specialization core and elective course in the CEnpratgr
UAEU is comparable to the other universities used in this study. AgaifGEhprogram
at UAEU ranked second from this prospective (with 102 CHSs) afteUtheersity of
Kansas (110 CHs). The math and science courses and the engineeringucses are
both called college requirements.

Table 6: Comparison between CE program at UAEU and selected CE progral8#\in

University University Math/ Engineering Total Total

Requirements Scienc  Requirements CHs of EC,
e in CEC,
C  SS FF Math/  EC CEC CEE GP IT the 5 CEE
& = Science Prog = and
L ° ram ° GPs
= =

University of 2

Oklahoma 9 9 3 1 33 3 53 12 3 0 104 125 101

University of 2

Kansas 9 9 4 2 36 6 56 12 0 0 110 132 110

Penn State 2

University 12 15 1 8 29 21 19 30 3 0 102 130 99

University of 2

Texas-Austin 6 18 3 5 2 20 3 18 o0 0 97 124 97

Missouri

University of 3 0o 24 2 31 18 40 12 3 0 104 131 101

Science & 7

Technology

Purdue 2

University 0 10 18 8 32 10 30 30 3 0 105 133 102

United Arab 4

Emirates 6 18 18 2 29 12 52 9 6 15 123 165 102

University

C&L: Communication and language; SS: Social Science/Humanitie&Z#riss/Economy; FF: Professional/Free Electives;
EC: engineering core; CEC: civil engineering core; CEE, civil engineetaugive; GP: graduation project, IT: industrial
training

There are 33 CHs for math and science in the CE program at U2&E0f which are
provided by college requirements courses, while the other 4 are part esf afi
engineering core courses. Therefore, the total CHs for math and basmesoffered in
the CE program at UAEU are comparable to the other universities includeel study.

In fact, CE program at UAEU ranked second after University osEarwith 36 CHs). it
worth mentioning here that ABET requires 32 CHs related to math and basic science.

With a careful look at this table, one could separate two different philosopléea of
civil engineering education. In the first, more CHs are devoted to coreentyiiheering
courses than elective civil engineering courses. Universities followpttiissophy are
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University of Oklahoma and university of Kansas in addition to UAEU. Other
universities such as Penn State University and Purdue University follewottier
philosophy of offering approximately equal share between core antivelegvil
engineering courses. This discussion shows that the CE prograrAEA Provides
comparable civil engineering education to similar programs in well-kndy@
universities. However, a need may appear to reduce the universitseragnts CHs or at
least exclude them from university education and slightly increase Celsabive civil
engineering courses.

SUMMARY AND CONCLUSIONS

This paper presented a comparative study between the civil engineeEngr@@ram at

the United Arab Emirates University (UAEU) and several North American universities.
First the paper presented the CE program at UAEU. Results of the bimdgdsthat the

CE program at UAEU provides comparable civil engineering education toakever
programs in well-known US universities. However, there is still a rfa@rimprovement.
There might be a need to reduce the university requirements CHs or at thace ¢éem
from university education so that students spend less time in rtiversity before
graduation. Also a slight increase in the CHs of elective civil engineerinmge migh

be needed in the future.
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UNDERGRADUATE CIVIL ENGINEERING CURRICULA IN THE
MIDDLE EAST

Khaled Hamad, Maher Omar and Abdallah Shanableh
Department of Civil & Environmental Engineering, University of SharahE

ABSTRACT: Transportation engineering education is one of thb-disciplines of civil
engineering. Unlike many other sub-disciplinescofil engineering, transportation engineering
education is often reduced to a single obligatayrse. This paper summarizes a survey conducted
to provide a closer look at transportation engimegreducation coverage in a number of
universities in the Middle East. For this purpoge civil engineering curriculum of 16 well-known
programs from nine different countries were revidw&he authors found that over 62 percent of
the universities require at least two obligatoryuis®s in transportation engineering. For these
universities, this counts for about 4 percent ditlcurriculum. One-third of universities (3 out of
9) offering 4-year programs require two obligatonurses in transportation engineering. The paper
concludes with several recommendation, includingduting a detailed survey of the content of
the introductory transportation courses and to piga a transportation engineering education
conference in the Middle East.

KEYWORDS: Transportation Engineering Education; Civil Engineg Curriculum;
Transportation Education in Middle East.

INTRODUCTION

Transportation is a catalyst to economy and development; and lasisuestment in
transportation infrastructure will continue to rise especially with the eweedsing
demand for transportation of people and freight. With more and moregadréation
projects currently being implemented or planned in the Middle East, thandefor
qualified and well-educated transportation engineers is also growingaitepar

In most of the Middle East, transportation engineering education is imparteduls a
discipline of civil engineering education. However, for most of civil engingesub-
disciplines, there is a logical sequence of courses leading to the required sumeliscip
advanced level courses such as structures, geotechnical, and water resources. For
example, the sequence of courses from physics, statics, and mechanateradlsnlays

the foundation for the advanced structures courses. For other disgjgimwever, this
sequence is less obvious or even present. One of these sub-dis@piiaasportation,
where most universities offer only one or two courses at best.éfomine, most students
arrive to the transportation course with no prior technical backgroukdowvledge of
transportation, except for their experience as drivers, bus riders, or pedestrian
Furthermore, many civil engineering programs teach the coursenbpdified to make it
appropriate to the student relevant background. As a result, the transportaii@eeng
course is often viewed by students as an orphan course, not cortoettteid previous
courses; and therefore civil engineering students view it as noargléw their career
goals or interests.
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The purpose of this paper is to provide a closer look at the transportatgpneering
education in some of the universities in the Middle East. For thizoper a simple
survey of about 20 civil engineering programs was conducted to realizelévant
weight of transportation engineering in their curriculum.

LITERATURE REVIEW

A survey of U.S. universities with ABET accredited undergraduate cigineering
programs found that 81 percent of the 90 programs required at leastoarse in
transportation engineering (with an average of 3.1 credit hours}thahanly seven of
the 90 responding programs required another obligatory advanced course
transportation engineering [1]. A similar survey of 26 Canadiaiversities with
accredited undergraduate engineering programs found that 62 pdrtten26 programs
required one course or less in transportation engineering; and only peasgnams
required two courses in transportation, resulting in 88 percenedutveyed universities
requiring two courses or less in transportation engineeringT[B¢ study concluded that
these surveys are an indication that civil engineering undergraduates in Nagtic&m
have insufficient body of knowledge to function effectively and effitjerat a
professional standard in transportation engineering; and thereforarthiaarning on the
job [2].

In 1986, Khisty conducted a survey of transportation professidoatetermine their
views on the contents and topics of a required transportation caurse typical
undergraduate Civil Engineering program [3]. The results are compaitech similar
survey of transportation educators. Substantial correspondence existed ews
expressed by practitioners and educators. In 2004, Turochy conductegs a similar
survey to determine the relative importance of topics that should be cawvetbd

introductory transportation course [4]. He compared his findings to Khisty’s survey and

noted changes happened during the 20-year period.

In 2007, Kyte conducted a more comprehensive survey to gain a petspective on
current practice in transportation engineering education [5]. This suaganswered by
120 civil engineering faculty members who teach the introductoryengnaduate
transportation engineering course. The survey provides a closer |do&thatwhat
students should know and how they are taught transportation emuggnek was found
that of the 224 civil engineering programs in the United States, 80npeecgliire one or
two undergraduate transportation engineering courses and 72 pdrtsggeoprograms
offer this course in the junior year. There are two common apmeeao teaching the
course: 65 percent of instructors teach it as a traffic or highway enigijmeeurse; and
only 24 percent use a multimodal perspectifF@rther, the survey identified seven
essential topics as by more than two-thirds of the instructors respawodthg survey:
relationship between vehicle characteristics and highway geometric desigardtarhe
relationship between safety/geometric elements of a highway; the relgtidrettveen
human factors/highway geometric design standards; the principles of cApeeityf
service for uninterrupted flow facilities; the principles of the four-stepsjortation
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planning process; the fundamentals of traffic stream models; and the pgnoiple
capacity and level of service for interrupted flow facilities.

SURVEY AND RESULTS

To provide a closer look at transportation engineering education in trdleMiast, the
authors reviewed the curriculum of 16 civil engineering progriiom Jordan, Palestine,
Lebanon, Saudi Arabia, Kuwait, Bahrain, Qatar, Oman, and United Arab Emirates. All
of these universities follow the credit-hour system and most of thesn public
universities. For sake of saving time, the authors used thesersitias web sites to
gather the required information for this paper, assuming these universéiatained an
up-to-date information regarding their civil engineering curriculum.

Table 1 lists these universities and provide details of the civil engineeningutum of
the universities surveyed. Almost half (7 out of 16) of thegeeusities require students
to complete successfully 155 to 168 credit hours; i.e. these are typiepdsr ivil
engineering programs. The other universities have 4-year civihesming programs
requiring 133 to 146 credit hours. Figure 1 shows the distribofitime relative weight of
transportation engineering credits to overall civil engineering curriculum.

As one can see in Table 1 and Figure 1, the 16 universities gaificsintly in terms of
the number of credit hours for their obligatory transportation engirgeedacation. Six
of the universities (37.5 percent) require only one obligatory fatetion engineering
course (3 credit hours or about 2 percent of their civil engineeringcaum). All of
these universities follow 4-year civil engineering programs. Nine uriiesrg56.25
percent) require two obligatory transportation engineering coursasq@redit hours or
about 4 percent of their civil engineering curriculum). Of thesgeusities requiring six
or more transportation credit hours, three universities (American UniverfsiBeirut,
American University of Sharjah, and Bahrain University) follow 4-y&eait engineering
programs. Only one university (6.25 percent), i.e. the Jordanetsitly of Science &
Technology, requires three transportation courses and a lab with af tbfati@dit hours
(about 6 percent of their civil engineering curriculum).

In summary, over 62 percent of the universities require at leastiligatory courses in
transportation engineering. For these universities, this counts for 4lpaucent of their
curriculum. One-third of universities (3 out of 9) offering day programs require two
obligatory courses in transportation engineering.

It is worth mentioning that almost all universities offer elective advamoedses in
transportation engineering for their students. There is no consemshs transportation
engineering course name/titte. Over half of the programs have asecditled
transportation engineering or transportation systems. Over half gfrdiggams have a
course titled highway engineering. Only two programs (h&i&ent) require pavement
design/engineering course. Four programs (25 percent) offer aapendent
transportation lab.
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Figure 1: Distribution of the relative weight of transportatiengineering credits to
overall civil engineering curriculum in surveyediversities.

SUMMARY AND CONCLUSIONS

This paper summarizes a survey conducted to provide a closer look @ttatisn
engineering education coverage in a number of universities in the Midgle For this
purpose, the civil engineering curriculum of 16 well-known progrénmm nine different
countries were reviewed. The authors found that over 62 percent amitbersities
require at least two obligatory courses in transportation engineeFag.these
universities, this counts for about 4 percent of their curriculdne-third of universities
(3 out of 9) offering 4-year programs require two obligatooyrses in transportation
engineering. Most universities offer elective advanced courses in treaig8po
engineering. There is no consensus on the transportation engineetirse nametitle.
Over half of the programs have a course titled transportation erigomeer
transportation systems. Over half of the programs have a course Hitjediay
engineering. Only two programs (12.5 percent) require pavemesign/engineering
course. It is worth mentioning that 25 percent of the surveyedrams offer an
independent transportation lab.

The authors recommend that civil engineering program to offer transportation
engineering courses in their undergraduate civil engineering durricurhough this
paper sheds some insight into transportation engineering educationMiidtie East, a
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more detailed study is necessary to investigate further details regaringssie.
Detailed analysis of the introductory transportation engineering coursesimsportant
step towards achieving a unified outlines to these courses, highlighengkills and
topics future transportation engineers would need.

Table 1: Summary of Data Collected from Surveyed Universitie

Total Compulsory Elective
. . Program Transport Names of Compulsory Transport
Country University Credit Eng. Credit Transport. Courses Engineering
Hours Hours Courses Offered?
Palestine  Birzeit University 162 6 3.7% Transportation Yes
Engineering; Highway
Engineering
An-Najah National 166 7 4.2% Transportation Systems 1 Yes
University Transportation Systems 2
two Transportation Labs
Jordan University of 160 7 4.4% Highway & Traffic No
Jordan Engineering; Pavement
Design; Highway
Engineering Lab
Jordan University 159 10 6.3% Transportation Yes
of Science & Engineering; Pavement
Technology Materials & Design;
Highway Geometrics;
Highway Lab
Lebanon American 143 6 4.2% Highway Engineering; Yes
University of Beirut Transportation
Engineering and Lab
Saudi King Fahd 133 3 2.3% Transportation No
Arabia University of Engineering
Petroleum and
Minerals
King Saud 160 7 4.4% Highway Engineering; Yes
University Transportation Systems
King AbdulAziz 155 7 45% Transportation Yes
University Engineering; Highway
Design & Construction
United United Arab 168 6 3.6% Highway Engineering; Yes
Arab Emirates University Transportation
Emirates Engineering
American 140 6 4.3% Highway Engineering; Yes
University of Transportation
Sharjah Engineering
University of 140 3 2.1% Transportation Yes
Sharjah Engineering
American 137 3 2.2% Transportation Yes
University of Dubai Engineering
Kuwait Kuwait University 144 3 2.1% Transportation Yes
Engineering
Qatar Qatar University 146 3 2.1% Highway Engineering Yes
Oman Sultan Qaboos 136 3 2.2% Highway Engineering Yes
University
Bahrain Bahrain University 138 6 4.3% Highway Engineering; Yes

Traffic Engineering
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Given needs in both workforce and academia, our recommendationoigdnize a
transportation engineering education conference in the region, whithbe an
opportunity to bring together university faculty and transportgtimfiessionals to focus
on the undergraduate transportation engineering education in the esgicto identify
ways in which it can be collectively improved.
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Sami Tabsh, Akmal Abdelfatah, Mohamed Al Hamaydeh and Sherif Yehia
Civil Engineering Department, American University of Sharjah, Sharjal UA

ABSTRACT: This paper compares undergraduate civil engingecurricula in Arab countries
located in Western Asia, known as Bilad Al Shamd &ine Arabian Peninsula. A review of the
course requirements at 24 universities locatedlircduntries is presented. Specifically, the study
addresses degree requirements related to scieratbematics, statistics and probability, general
education, free electives, English language, ergjing fundamentals, computer proficiency,
required civil engineering courses, and technidattives. The study showed that most curricula
take either 4 or 5 years to complete. The numiberedit hours can be as little as 131 and as large
as 180 credits, with an average of 155. The hutiemisocial science and foreign language
requirements at traditional universities can beyview, whereas the same requirements can be
almost a full-year of study at Western-style unsiBes that are located in the same region. Some
Arab universities, particularly those with largenmer of faculty, follow a track system, which
provides for specialization in one of the variousilcengineering disciplines. As a result, the
curricula of such universities are loaded with maaghnical courses that are obligatory. The
Western style universities, on the other hand,hei@vy on fundamentals, but give the student more
choices with regard to technical elective courses.

KEYWORDS: Civil engineering; Curriculum development; Eduoati General education;
Technical electives.

INTRODUCTION

Civil engineering is a professional field that addresses the planningndesitstruction
and maintenance of the built environment. Traditionally, environmengéheering has
been considered a part of civil engineering, although this field hastheggown to the
extent that it has become independent of civil engineering. Real-life applicatdn lie
the works of buildings, bridges, tunnels, roads, canals, damisyater and waste water
treatment facilities. In its broadest definition, civil engineering includasynsub-
disciplines such as structural engineering, geotechnical engineering, ttatispo
engineering, environmental engineering, water resources engineemagerials
engineering, coastal engineering, surveying, and construction enggeand
management. Compared to other engineering disciplines, civil engmeéethe oldest
engineering discipline. Remains of ancient feats, such as the Eggptamids, Greek
temples, Roman road systems, and Islamic dams and mosques are masied o
engineering principles.

The core courses in a civil engineering curriculum reflect the fact that thisdaldes to
a large extent on the study of the built environment. In generalecigiheering students
start their education with basic physics, chemistry and calculus cotitsgss followed
by courses on surveying principles, mechanics, construction materialsgyend
structural analysis. A civil engineering curriculum is usually dmthout with courses on
hydrology, concrete and/or steel structures, foundation design, highwaignd
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water/waste water treatment and construction management. Depth in a parteaular ar
often achieved through technical electives in the program.

With regard to the Middle East, civil engineering is among the largest deptstinen
many college/school of engineering in universities located in these countrigs.is
because the construction industry and civil infrastructure buildinglgréaminate the
economies of countries in this region. A close inspection of thié engineering
undergraduate curricula in the various Arab middle-eastern countries sbngiderable
differences in the number of years of study, number of crealirsh science and
mathematics courses, technical courses, nontechnical courses, and internship
requirements. These differences in curriculum requirements are due toclkrealiation
demand, quest of international accreditation, origin of the educatioriahsygthin the
country, and pressure (or lack of it) for curriculum developmentile/gbme differences
in curriculum requirements from one regional country to another arkhyeand
expected, significant changes in curricula in neighboring countrieseadnto pressure
on students to obtain degree equivalency or taking extra credits, possibigjection of

a foreign degree by the local engineering syndicate, and reducedoppdktunities
abroad. This paper compares undergraduate civil engineering curristiductures in
Arab countries located in 11 Arab countries located in Western Asia, known asABilad
Sham or Greater Syria, and the Arabian Peninsula. A review of the coamsges
laboratories from representative universities in each country is presentedic8lbgc
the study addresses requirements related to science, mathematics, statistics and
probability, general education, free electives, English language, engmee
fundamentals, computer, required civil engineering courses, and technical electives.

LITERATURE REVIEW

Curriculum development and continuous search for improveeeatoid reaching a
steady state situation in a study program are goals of all institutidrigtedr education
and accrediting agencies. As a result, there are extensive research efforts teedtack d
to investigation of differences in Civil engineering curricula and tbéves behind these
variations. In the past, many studies had focused on curricula \aitbarticular region
with the same culture/geographical relation; however, recent studieskiraled the
scope to cover countries in different continents.

In two recent studies conducted at the University of Florida (UF), the Civihergng
curriculum at that university was compared with those at two foreignuitiatis, one in
Pakistan and another in Thailand. The study showed that the differbetween the
curricula were driven by the socio-economic characteristics, as well as the natidnal
industrial needs. Also, the foreign curricula adapt a track systeme wherstudents
select one of the Civil Engineering disciplines and focus more on ite e UF
program mainly concentrates on providing the students with a bteeldnical
background through a well-rounded curriculum, with more attentton the
communication skills and multidisciplinary education [1,2].
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In a more general study than the ones reported at UF, Russell and Stoufigctedra
survey of about 40% of the civil engineering programs inlthiged States [3]. In their
analysis, they considered three major sets of courses covering thefdrasis smath and
science, general education and engineering courses. In addition to cogdidedarrent
curricula, they also investigated the historical changes in the average natioitaillem
in the US. As a result of this survey, they examined the satisfauftithhe curriculum to
ABET accreditation requirements. In conclusion, they found out that Ghvil
Engineering curriculum is highly technical and lacks focus in otte=rsarsuch as liberal
arts, professional skills, and systems thinking.

In contrast to the conclusions reported by Russell and Stouffer, SparithgKells
showed that the general trend of reducing the number of credits in Qigihdering
programs and increasing the breadth in covering Civil Engineering lhasiescreated an
argument that the technical competency gained in a four year degree iequaatador
the practical work [4].

Recent research in the area of civil engineering education has foaudkd different
aspects of curriculum development, design, and modification methodolo§mse of
these studies showed the approaches used to modify, change, develogewrarev
specific curriculum in one program based on various reasonseanand. Some of the
factors that affect the curriculum development and the challenges facediseussed in
these studies [4-14].

Accreditation and professional societies requirements have a great impacticuiwon
content and structure. For example, Bardet et. al considered the perfoamsassment

of Civil Engineering curriculum as part of the ABET and ASCE requimts [15]. They
have proposed a systematic approach to evaluate the student performancehacross
overall curriculum when considering the ABET accreditation requirementshe Body

of Knowledge of the ASCE. They have developed direct assessmetimbds that result

in some quantitative measures of student performance without significefecting
faculty work load in preparing these documents.

Similar studies were conducted to evaluate engineering education in thevéadband
to address challenges facing the educational system in these countried. [1Bhkse
studies are considered in the next section.

CHALLENGES

Historically, education in the Arab world was strongly encouragedesthe dawn of
Islam, particularly to understand the holy Qur’an and the Prophet’s teachings. The
Qur’an includes several passages that refer to civil engineering principles, such as [19]:

»Then, who is the best? He (the one) who lays the foundatiois dluliding (home) on
devotion to Allah and His Good Pleasure? Or he who lays the foundatios lofilding
on a weak sand-hill ready to break to pieces? And it (the mosqes)kieak to pieces
with him, into the fire of Hell. And Allah does not guide people who do wrong.” V 109,
Sura 9, At-Tauba.



BENCHMARKING AND COMPARISON OF ENGINEERING EDUCATION 406

Formal engineering education in the Arab world started before World \Wa913 at St.
Joseph University in Beirut, Lebanon. Later, between 1925 an@, X#fven other
universities started to cover engineering education in Algiers, Cairo,aideia,
Baghdad, Aleppo, and Khartoum. By 1955, about 8500 studentssweréed in various
engineering departments, this number reached over 40,00970y and is projected to
have spiraled to over 100,000 by 2010 [16,17].

Curricula Challenges

Several challenges faced the engineering education since the beginmegpfsahich
are still valid nowadays. The major ones for instance are: (i) there ianified

engineering educational system, (ii) the cultural and teaching languagenidl the
curricula significantly, and (iii) the lack of clear engineering schdenhtity in terms of
emphasis of teaching or research emphasis.

Quality of Graduates Challenges

After more than 50 years of engineering education, other chaidraye developed and
need to be addressed to improve the quality of the graduates. These challen@gs are:
graduates lack of design capability and creativity, (i) deficiency in critical and
independent thinking, (iii) narrow view of engineering and relaiediglines, (iv) weak
communication skills, (v) inefficient use of time and resources, (vi) Eréagpce in
working in teams, and (vii) lack of independence in learning and/oructind search
[18].

Engineering Educators Challenges

Jones and Oberst reported that there are four main areas where enginagraigred
need to focus their attention for future improvement [20]. The aegasnational

employment policies, quality assurance mandates, role of women and acbégseto
education.

Due to the demographic diversity in the Arab region and especially iGtife local
authorities are constantly striving to increase the employment of lacal@rious
governmental positions. Although engineering students are et using English
textbooks following international standards, the majority of graduailésverk in the
local market. Consequently, educators need to integrate entrepreneuilhimtekthe
curriculum as well as collaborate with public agencies and private busitessgsose
the students to local issues. This includes the use of metric unit®@aldcodes of
practice. This should facilitate the use of global technical standards to soble lo
problems.

In the last decade or so, engineering programs in the Arab rbgi been paying
increasing attention to local and international accreditation in an effort to cammit
quality assurance. ABET is at the top of the list of prestigiodsd@manding agencies
for accrediting engineering programs in the US and abroad. Peahahss stage of
development, a trans-national quality assurance model, similar to that ofAlnadirica,

is more suitable for the Arab region.
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To increase the interest and aspiration of women in engineering, swmentpring
programs need to be established. Also, creating entrepreneurshipnmogoald help
women design jobs that could be sustained despite their family obligatioisswduld
enhance the level of engineering education among women.

The engineering educators should support career counseling aisthgdservices at
several educational levels, as far as primary and secondary schools fay ngtisiest
among young under-privileged individuals. Also, establishing bridggrams enabling
working adults to return to school and invest in an engineering écluceduld help the
programs.

Professional Engineering Registration Challenges

Currently, requirements for professional registration in engingesyndicates in the
various Arab countries are not uniform. For example, the minimumirezgent for
professional registration in Lebanon is a Bachelor of Engineering dBffee. Hence,
graduates with a Bachelor of Science (BS) degree would not be able toifin th
professional organization unless they complete a graduate level degreecaiitbe a
problem for those graduates with low grade point average. Similadysyndicate of
engineers in Egypt demands a 5-year degree program, irrespettitree alegree
designation (BS or BE). As the number of American style universitiesirugfa 4-year
degree program in the middle-east region is on the rise, thiseswgnt becomes a major
challenge for graduates of such programs.

METHODOLOGY

In an attempt to investigate Civil Engineering curricula in the Arab Migdst
countries, this paper focuses clearly on the civil engineering curriculdnisasurrently
being offered to undergraduate students in the region at institutégher education. It
presents the results an analysis of 24 of the region’s undergraduate civil engineering
programs. The countries from the Arabian Peninsula that are consideredsindly are
the United Arab Emirates, Saudi Arabia, Oman, Bahrain, Qatar, Kuwait, and Yemen.
The considered countries from Bilad Al Sham region are Lebanon, Sgridgn) and
Palestine. Public, private and semi-private institutions from the considaratties are
investigated, but graduate programs are excluded. Information ocutheula was
obtained eithefrom the University’s web site or personal contacts with faculty working
at the university. The obtained information was classified into the foltpoategories:

1. General Information
2. Science requirement
3. Mathematics

4. Statistics / Probability

5. General Education

6. Free electives

7. English language

8. Engineering fundamentals

9. Computer literacy

10. Required civil engineering courses
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11. Civil engineering elective courses
12. Capstone design course

13. Professional training or internship
14. Other requirements

The analysis describes the composition of undergraduate education as well aRparticu
course sequences and requirements. It outlines the common areas tibedunchpoints

of diversion among the civil engineering curricula. The minimaoraximum, and mean
number of credits in each of the above areas was determined.

RESULTS

This investigation showed that all the considered civil engineering prognatine Arab
middle-east region are based on the semester system. The name ofr¢keisiegher
Bachelor of Science (B.S.) or Bachelor of Engineering (B.E.) in Emjineering. One-
half of the programs require 4 years to complete, while the remgmggams require 5
years. The number of credits hours varies significantly from oastigoto another, and
even within the same country. The minimum number of credits tpletenthe degree is
131 and the maximum is 180, with a mean value of 155.

Nontechnical Course Requirement

The nontechnical course requirement consists of courses related to ,seiatieEmatics,
statistics, probability, humanities, social sciences, English language, anel€ctiges.
The study showed that this requirement is not uniform amongdhsidered programs,
as shown in Figure 1.

50

40

30

20

AN B O

Science Math General Free English
Education Electives

No. of Credits

Nontechnical Courses

Figure 1: Credit hour range and mean for the nontechnical courses.

The science requirement varies between 2 and 15 credits, with a nhézaofva0.6. For
most programs it included physics and chemistry, but for apiegrams either the
chemistry was waived or biology was added to physics and chemigteymathematics
requirement included courses in calculus, differential equations,r lialggbra and
numerical analysis. As expected, most programs had heavy emphasialculus,
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compared with other fields. The number of credit hours of mathenvatiesi between 9
and 20 credits, with a mean value of 15.5. While only two progrdid not require
statistics and/or probability, the rest obliged either 2 or 3 credits on tjeesubmong
the areas that had the most no uniformity among the progeathe igeneral education
requirement, which includes courses in humanities, social sciences, Arahiadarand
religion. In general, this requirement at traditional universities can bdoxeryhereas
the same requirement can be almost a full-year of study at WasyFruniversities that
are located in the same region. The study showed the numbemeyBfeducation credit
hours ranged between 0 and 41, with a mean equal to 14.4y f&iscent of the
curriculums did not include free electives, defined as courses that a studesé<litio
take because he/she is interested in the subject matter covered in the Guckes.
courses can be related to the major, or they can be totally unrelateche Ffonsidered
programs that included free elective courses in their curriculums, the rergditte ments
ranged between 4 and 12. The English language requirementeidctalirses in
communication and technical writing. The number of credit hours gfidgbnvaried
between 0 and 16 credits, with a mean value of 8.0.

Technical Course Requirement

The technical course requirement consists of courses related to engiffieediagentals
and applications. Again, the study revealed that this requirement anessderably
among the considered programs, as shown in Figure 2.
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Figure 2: Credit hour range and mean for the technical courses.

In this study, “Engineering Fundamentals” are defined as courses related to engineering
mechanics (solid and fluid), material science, surveying, graphieg, engineering
geology. Other courses offered by an engineering college/schofresbman or
sophomore students, such as Introduction to Engineering avdumttion to Civil
Engineering, are also a part of this category. The study shivaethe number of credit
hours of courses in Engineering Fundamentals varied between 136 amddits, with a
mean value of 22.3. The category of “Other Engineering Fundamentals” refers to courses
in thermodynamics, electrical circuits and engineering economy. Itowad that all but
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3 programs required courses in this area. Specifically, the nupftmedit hours of
courses in Other Engineering Fundamentals varied between 0 and it€) gl a mean
value of 4.5. With regard to computer literacy, almost all programs idladurses in
computer programming or analysis. The credit requirement raregegdn O and 9, with
a mean of 4.7. While the majority of considered programs had labo@omponents
embedded in related courses, there were some curricula which had separaldésias.
labs were related to fluid mechanics, construction materials, soil mechatagswith
credit hours ranging 0-12, with a mean value of 1.7.

All programs cover most of the specialty areas of civil enginedhingugh required
analysis and design coursesSuch courses are on construction materials, structural
analysis, reinforced concrete design, steel design, soil mechanics, foundiegign,
hydrology, hydraulics/water resources, water/waste water treatment, eneirtad
engineering, construction management, quantity surveying/costsenalpd/or highway
design. The number of credit hours of required civil engineeringseswaried between
24 and 90 credits, with a mean value of 46.6. The technical electivgeamguirement
includes advanced courses in the various civil engineering disciplinesonstdered
curricula, the number of credit hours varied between 0 and 21awithan value of 7.9.
Obviously, the programs that have a few number of requiredesiiave a large number
of technical electives; thus, their curricula can be considered track-based. isThi
particularly true for departments with large numinérfaculty and students, which
offer students the opportunity to specialize in ooe two areas within civil
engineering.

With regard to the capstone design project requirement, often referrgchduation
project, the credit hours significantly varied among the programs dlittle as O to as
high as 18, with a mean of 5.8. Credits hours associated vaféspional training or
internship was not consistent in all the considered curricula, ranging nefveesl 15.

SUMMARY AND CONCLUSIONS

This study compares 24 undergraduate civil engineering curricula in érabtries
located in Bilad Al Sham and the Arabian Peninsula. It addresses degree regtgireme
related to science, mathematics, statistics and probability, general education, free
electives, English language, engineering fundamentals, compufeigmoy, required

civil engineering courses, and technical electives. The findingseddttidy lead to the
following conclusions:

1. The number of credits hours varies significantlpnfr one country to
another, and even within the same country. The mininrmumber of credits
to complete the degree is 131 and the maximum @ w&h a mean value of
155.

2. The science requirement varies between 2 and 15tgredth a mean of
10.6. For most programs it included physics andnalstry, but for a few
programs either the chemistry was waived or biologswdded to physics
and chemistry.
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3. The mathematics requirement concentrates on cagcuhut includes
differential equations, linear algebra and numdradaysis. The number of
credit hours of mathematics varied between 9 andr2dits, with a mean
value of 15.5.

4. The most no uniformity area among the programshés deneral education
requirement. The study showed the number of genedalkation credit
hours ranged between 0 and 41, with a mean equdl.4o 1

5. The number of credit hours of English language edramong the studie
programs between 0 and 16 credits, with a mean \afl8e0.

6. The number of credit hours of courses in Enginggfandamentals varied
between 14 and 35 credits, with a mean value 0f.22.3

7. With regard to computer literacy, almost all pragsaincluded 1 or 2
courses in computer programming or analysis.

8. The number of credit hours of required civil engiriag courses varied
between 24 and 90 credits, with a mean value 0f.46.6

9. The credit hours technical elective course requaenvaried between 0 and
21, with a mean value of 7.9.

10. The credit hours for capstone design projects figaitly varied among the
programs, ranging between 0 and 18, with a mean &f Kredits hours
associated with professional training or internshigss not consistent in all
the considered curricula, ranging between 0 and 15.
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ABSTRACT: Building a world-class research university is aatn for many developing countries.
This paper discusses the prerequisites for buildiagld-class universities and highlights the
challenges to be faced by developing countries. Bamdi-Arabian experience and Korean
experiences are discussed in brief and the fatchatsmay lead to achieve a world-class university
status by universities in developing countriesdisgussed.

KEYWORDS: Research University; World-Class University.

INTRODUCTION

Building world-class research universities is a dream for many demglaountries. It is
believed that building such universities would enhance the strategic devetoplamen
for these countries. Each nation links its future to world-class education Quddiit

expects that such education would prepare highly qualified professiongisprtmte

progress in science and technology, and to transmit national culturéraaligons.

Building world-class universities, therefore, constitutes a key lirtkennational general
development strategy of many developing countries.

Top universities in developing countries are, therefore, under tremepdeasure, and
have made their schedule to move fast to upgrade themselves itdeclass research
universities in a relatively short period. They have implemented maligies at an
unprecedented rate. In many developing countries; for example Chireaahwd Brazil,

building world-class universities became a national movement and manyaes were
invested into it. The governments in some newly industrialized desrand regions; for
example South Korea and Taiwan, have invested highly in theimigprsities for about
two decades, but they still have a long way to go to reach the em@ ofadrld-class
university. This raises the legitimate question: Could a university bsfdramed into a
world-class one only with great investment and strong will? Thevanis obvious.
Simply, because building a world-class university is not sometttiag we can do
overnight. We have to study first the universal characters of sucfivarsity and to

explore what makes a world class university.

These are the issues that governments, university administrators, esjusatdents,
stakeholders and other concerned people need to understand befomgotieeio build
world-class universities. It is important, however, to keep in ntivad each nation is
unique and their universities can survive and prosper onlyyfrieet the needs of their
own society.
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WHAT MAKES A WORLD-CLASS UNIVERSITY?

According to Wang [1] the world-class university must be: tiakgernational, open,
critical, inclusive and must enjoy academic freedom, academic autonondgmattratic
leadership. In the following subsections the major elements of trésdga of world
Class University will be discussed with reflections on universities in thelajgng
countries.

Internationalism

The world-class university must be truly internationalized. At presatibrs are more
and more connected by economical ties and by an extended global kyewletsivork.
The motivation for the development of the modern university isné®t the human
curiosity for exploring truth and discovering knowledge. As theeamity is in the center
of the international knowledge system, university internationalization has beaom
megatrend. The world-class universities recruit first class professormsnanit students
from around the world. They organize big research projects aboyders and study
global issues influencing human living conditions. They prepaselugites with the
global understanding and awareness. This trend constitutes a serious ehfaltetig
developing countries which intend to build world-class universities gmitg these
universities in the developing countries in a dilemma. When they aspivecoming
world-class universities, they have to set quality standards sefebtern universities.
But the closer they come to western standards, the more graduates theg peada for
western countries. This brain drain is a part of the unfair internationahmegelof higher
education. This would raise the question whether it is a wise policy to inv@gilyhin
these universities to run them into prep schools for western uitizgPsThere are no
easy answers for this question.

Openness

The world-class university must be open. A university is diffefierh a business as it
does not operate for profit and it does not have commercial secrets tolgisarobt like

a government agency that needs to guard its gates to protect nationay.sébigitioes
not mean that the university does not need to serve the national dewaiogine
university seeks grants from government agencies, but in gerierions it is not
engaged in classified research as its main mission is to conduct basic re$éarch.
university signs research contracts with business usually wihcdimdition that the
research outcome be published. It is believed that the mission of research lwest be
carried out only if professors can freely discuss their researcoveises with their
colleagues (including colleagues in other fields and outside their owersity). The
world-class university has to establish free and open environmbkate students,
professors, junior instructors, senior professors, and administréteat each other
equally and exchange ideas without restrictions. The world-class universtybe open
to the outside world. This dictates that the university medium of instructicst be the
same as that used in their local society so that the universityecan the society as a
cultural center. The university administration and decision making prougstsbe open
and transparent. The process of the university president selectioty facalitment and
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promotion, and faculty benefit policy-making all must be oggmenness is essential for

the free exploration and transmission of knowledge. Third-world wsities, in general,

are not as open as the world-class universities. They are more influengeddogment
policies and regulations. As the universities turn to be more bureaucratic, the open
atmosphere turned to be eroded. Therefore, for third-world uitiesra very important

step towards world-class status must be establishing an open cultura system
supporting openness.

Critical Thinking

The world-class university must be critical. The critical spirit is anngiséeature of the
university. When people use their critical eyes to judge knowledgalgloddained, they
have begun the process of developing new knowledge. The univeanrityo better than
any other agencies in providing an environment tolerant and generonitsced thinking.
This environment must be protected by the university internal systewever, in third-
world countries, national development depends on social stability to a cedeigiae.
Stability is the need of development and survival. The traditional value riesfect
authorities in all fields and at all levels. Criticism is regarded as a destrumtoes but
not a constructive or progressive force. Therefore, the third-woilétsities are much
less critical than the world-class universities.

Inclusiveness

The world-class university must be inclusive. The university isenmaclusive than any
other societal institution. Firstly, it covers all kinds of fields, includéngence, social
sciences and humanities, including not only traditional basic disciplines, butealso n
inter-disciplines, or those obsolete disciplines without much practical vakle asi
ancient languages, or those disciplines and fields that have not besn rgicbgnized.
Secondly, people, without any sort of non-academic discriminatiorgaallfind their
place in the university. Certainly, this inclusiveness has limits @vehe world-class
universities. But they are richer, have longer histories and betterstenuling of the
importance of inclusiveness. Universities in developing countriefesseinclusive as
they cannot afford such inclusiveness on the one hand, libeather, they lack proper
understanding of inclusiveness. So, third world universitie® lmauch work ahead to
become more inclusive.

Academic Autonomy

Academic autonomy is a privilege that only the university enjoygeneral, the quality
of a university is positively correlated with the academic autonorhpast The world-
class university enjoys more academic autonomy than other higher edustitomions.

The university is a place where scholars pursue truth and higher lesakig) place.
Only scholars truly know how knowledge can be best obtained andniteets and truly
understand the content and complicated nature of knowledge. The upivessils
therefore to reach an agreement with the government and other sociatiomstito

protect academic autonomy. However, only an agreement cannot gaaligntee the
university has academic autonomy, as the government and decision-rsaketmes
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cannot help to interfere in university internal affairs. Though intentimodd be noble,

the result might be a disaster for the development of the university. ihhsome
developed countries the laws are set to clearly govern the relations béteegriversity

and the government. Moreover, in order to guarantee the autonomous $taies o
university, intermediate organizations have been established in some veestetries,

such as The Higher Education Funding Council in U.K., The American Coahcil
Education and the Association of American Universities. These intermediate
organizations operate as a buffer or a lubricating system between goverramdnts
universities. They guard academic autonomy whilst maintaining univeasigemic
standards. There are also accreditation associations, which organize university or
discipline evaluation. As they are non-government agencies, they ca@sbesisment on

the basis of university voluntary participation. They can do this makdicty and
objectively than the government. In this way university auton@rgrotected and the
government is relieved from pressure.

Unfortunately, academic autonomy is not a part the developing couatliese. The
university is usually regarded as a tool to realize national aims. Theneoalaws to
protect academic autonomy or organizations to support it. If we wanbhoope a third-
world university to world-class status, the government has sohee of its powers go,
so that universities can gain autonomous status to make decisidhsiroown affairs.
University initiative is best encouraged in a decentralized decision-makiirgrenent.
In turn, university authorities need to grant academic freedom tddlealty members.

Academic Freedom

Academic freedom is a core requirement for research universitiesin@irp importance
is the freedom to undertake research and publication in one’s area of research and to
teach without any restrictions in one’s area of expertise. Academic autonomy and
academic freedom are two interrelated concepts but clearly mean ditfereyst If the
society and the government protect and respect academic autonomy, certzgtigr a
environment will be produced for academic freedom, but the facultynat have
academic freedom automatically. Academic freedom is the right of ssholgsursue
their research, to teach, and to publish without control or restrain frermstitutions
that employ them. It recognizes the right of academics to defgie dlwn areas of
inquiry and to pursue the truth as they see it. Academic freedomaleg a significant
contribution to promoting the quality of both institutions and sysés a whole, but it
needs to be understood and respected, both within institutions amodi®s to which
they are accountable.

The world-class universities have effectively implemented a tenurensystd auditing
system to protect academic freedom for a long time. In third-veanchtries, with the
lack of understanding and respect of academic freedom, and not esigblish

necessary system or regulations to protect it, and with the decisiongmaidne

centralized, the instructors are working in an unstable situation, areltteesls cannot
take our universities closer to world-class status.
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While we stress the importance of academic autonomy and academiarfregelanust

realize that there is no absolute academic autonomy or academic freedamivEnsity

must serve the society and satisfy social needs expressed by the goterfine best

way to preserve self-governance is by way of outstanding peafares- the price of
autonomy is eternal self-discipline. Academic autonomy and social accountability,
academic freedom and self-discipline are eternal issues that need to be balanced.
Academic autonomy and academic freedom may cause some disordeivensity
development.

Democratic Leadership

The university is the most democratic institution in the society by #isnéial nature.
Loosely connected departments or colleges and schools represerigrngntidlisciplines
constitute the university. Though different disciplines are more intemletete, each of
them still has its own language, paradigms, perspectives, and itsuttwre and values.
This is very different from business or government agencies. bosmess, all parts
depend on each other and are organized with the central aim of magnofitaln a
government agency, all divisions are connected to form a tightly kmitteslork. All
divisions act under the order of the agency head. But in the sitjwethe leadership
must be democratic and connective. The leaders at the university must bt able
coordinate departments, colleges and schools to achieve the universanaitm carry
out the university mission. When decisions are made at lower level, uwathecisions
are more rational and the decision-making process is more efficietitie@départments,
colleges and schools are more willing to carry them out.

One more major difference between the university and the businegsvernment
agency is that the professors do not regard themselves as empidyeaeed to report
to their presidents or other administrators. As special knowledge wotheysare mainly
responsible only to their students and the truth.

The decision-making in the university must be more democratic than lugieess or
the government agency. All the decisions related to academic affairs mostdeeby
faculty members, or their representing organizations, such as tite sewl the academic
council. Just in these forums, can the culture, values and standardssdussed,
correlated and respected. Certainly, the decisions related to students’ affairs must be
discussed with the students or their representing organizations. Teatstare a major
body that constitutes the university, and they are not the subordinabesgmfessors or
the administrators. Sometimes the point of view that the professathéogwith the
students are the university is not widely understood, and evreaampus this point is
often neglected or forgotten.

One important step to build a world-class university is to have a uityveosistitution
that clearly puts down a democratic procedure of decision-makidditiégnally, the
rights and obligations of professors and students must be citztdyl.
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CHALLENGES IN BUILDING WORLD-CLASS UNIVERSITIES

The above mentioned issues are all related to concepts or system issuespdrience

of some newly industrialized countries tells us that huge investment cdonet turn a

higher education institution into a world-class university. From thgerience we can at
least conclude the following points.

1.

It takes a long time to build a world-class university. It may take ad#eor even a
shorter period to establish a great business, but it takes a much longer biuiid to

a world-class university. A pragmatic attitude does not help to buildrialelass
university.

First class professors, excellent students and scientific innovations tenpatight

only with money. What are needed are not only high levels of invastme also a
systematic environment friendly to academic freedom and academic autonomy

The universities in developed countries must understand the dilemmésethare
facing when they try to move to the status of world-class usities. Universities

in developing countries must be internationalized, but when they becongee mor
internationalized, they lose more intelligent young people. When they Iy toore

open and more inclusive, they find that they lack the necessary fondis so.
When they tend to be more critical, they have to be conscious aboutstabikiy,

a necessary condition for national development. When they try to bailsyttem

of academic autonomy and academic freedom, and formulate a decentralized
decision-making procedure, they realize that we do not have swaHiton. But

they have to learn system reconstruction and concept renovation. INobwst the
university learn it, but also the government and the general publideans it too.

There seems to be a delicate balance between academic freedom and a viable
research university. In Singapore, scholars are free to express theironegsues
directly related to their fields of expertise, but not on broader issueseAathe

time Singapore has been successful in building research universities an
establishing collaboration with respected universities abroad. It seems that
reasonably successful research universities can be built under conditions of
incomplete academic freedom so long as the restrictions are not too severghalthou
broad comparisons show that universities with the greatest amowtadémic
freedom do best as effective research institutions.

In addition to the above mentioned observations, Altbach [2,3] findamgsv that
additional challenges face universities in developing countries aspiring to acquire the
status of a world class university. According to Altbach, these clyakeare: funding,
selection of research fields, autonomy and accountability, globalization otescienl
scholarship, contribution of private universities, respect of ethical normseanditing

and retaining first class professors. In the following a brief descriptitirese challenges

with reflections on the universities in developing countries will be given.

Funding, Commercialism and Marketing

The basic cost of operating a research university has increased, placegtress on
traditional funding sources, mainly governmental, and forcing instititoma systems to
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seek new revenue$he intrusion of market forces and commercial interests into higher
education is one of the greatest challenges to universities everywherenarketplace
has brought universities greater resources, better students, a far dapgeity for
advancing knowledge, and a more productive role in the local econdtrihe same
time, it has diminished the sovereignty of universities over theiramtivities, weakened
their mission of serving the public, and established through growimgmeaocial
entanglements at least the potential for undermining their privileged roleirdsmdisted
arbiters of knowledge.

For developing countries, the challenge of the market is particularly seecaase there
is less basic financial stability and a weaker tradition of academic automodeynal
market pressures can quickly affect the entire institution. For reseaichrsities,
market forces may significantly shift the direction of research,abesf of the academic
profession, and the financial balance of the institution. It is clear, Jewehat if
research universities are forced to rely increasingly on their own oesofar survival,
market forces will determine institutional directions and priorities.

Selection of Research Fields

A culture of research, inquiry, and quality is an essential part eée@arch university.
Because of the financial pressures, there is a trend toward applied and often pr
oriented research, which can be more easily funded than basic research ayidlgnay
profits for the university. The commercialization of research hagfisgmt implications
for research universities. It changes the orientation of the research comtusime
extent by emphasizing commercial values rather than basic research.

Research universities in developing countries will need to select fields of redleatrch
are affordable and linked to national needs and prioritié® example, agriculture or
some areas of biotechnology. Appropriate links with private-sector coagpamcluding
multinational corporations, may be necessary, and a balance between applbesgiand
research will need to be worked out. Work in the sciences is oalpan of the research
agenda of a university. The social sciences and humanities are often nedlectece
the hard sciences are seen to be more profitable and prestigious. Yatidghasgences
and humanities are important for the understanding of society andeculisciplines
like history are of course relevant, as well as newer fields such as polimssilitey are
also considerably less expensive than the hard sciences.

Autonomy and Accountability

The tension between autonomy and accountability is a perennial conceaoaflemic
institutions. Universities’ tradition of academic autonomy involves the ability to make
their own decisions about essential academic matters and to shape their own Aestiny
the same time external authorities, including funders, governmentadasp and other
organizations, held some control over higher education. In the era of higiss
education, demands for accountability have increased given the higher education’s rising
impact on both the economy and society. Higher education iséstbnificant state
expenditure and of growing relevance to large numbers of people. dihand for
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contemporary accountability almost always comes from the governmenspthice of
much of the funding for higher education.

Research universities have a special need for autonomy, and the cemenrdd for
accountability are especially problematical for them. While academe in general needs a
degree of autonomy to function effectively, research universitiest briable to shape

their own programs, carry out a long-term perspective, and mahagebudgets and
academic community. Not only do research universities require steadyndundi
commitments, but they also do need autonomy to develop and mamairstrengths.

The academic community itself is the best judge of the success gfapr® Basic
research, especially, must have the autonomy to develop, since it typicallyesrfrerg

the interests and concerns of the faculty.

Accountability has become an ever more powerful forceeflecting not only the
concerns of government authorities, but increasingly market foragsllastudents have
demanded greater knowledge of the performance of academic institudods,
commercial enterprises, linked ever more closely to academic; they also ddeman
information and often influence over academic policies. This is, of epars essential
part of contemporary higher education. In this context, researckraitigs, with their
need for autonomy, face a difficult environment in the era of marketaamaintability.

The Globalization of Science and Scholarship

At present science is truly global in scope. Research results are immediaitdpla
worldwide through the Internet. Scientific journals are circulated internationalty, an
academics contribute to the same publications. Methodologies and scientific a@m
used worldwide more than ever before. Scientific equipment, ever more Ezpbitand
expensive, is available everywhere. The challenge consists not only odttales and
infrastructures but also the definitions and methodologies of sciencechalarship.
Scientific globalization means that participants are linked to the norms of the discipline
and of scholarship that are established by the leaders of research, located &othe m
universities in the United States and other Western nations. The themaspa areas

of interest to leading scientists and institutions may not be relevant tersitias in the
developing countries. Involvement in world science means, in general, ackhee
established research paradigms and themes.

The high cost of science results in serious problems for academictiossitu without a
long tradition of research and the required infrastructures and equipmemoltasger
sufficient to build an infrastructure that permits research on local or regi@maéshif a
university wishes to join the “big leagues”. Universities that wish to be considered
research oriented need to participate in the international scientific network andteomp
with institutions and scientists worldwide. The costs of joining ldague of research
universities is an especially serious problem for developing countries, fuvitling
problems and no experience of building such institutions. The wbidtbbal science is
expensive to join, and sustaining participation is also costly.
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Globalization permits everyone to participate in the global marketplace of science,
scholarship, and ideas. At the same time, globalization subjects akti@pants to the
pressures of an unequal global knowledge system dominated by theywealtersities,

and impose the norms and values of those institutions on eeeryon

Contribution of Private Universities

Almost all research universities outside the United States and Japan are publtateand s
supported. The fastest-growing sector of higher education worldwigevigte. With
only few minor exceptions, the new private institutions foaugeaching and providing
credentials to students in professional and other fields, oftepeiriadized niche areas.
Specialization is particularly as aspect of the rapidly expanding for-profibrse€
private higher education. The sector is never concerned with builelsegrch capacity,
since research does not produce profits rapidly. New private univemsigesot full-
fledged academic institutions with a range of disciplines in most fidldsience and
scholarship.

A small number of non-profit private universities may succeed in bgild@search
capacity to raise their status and contribute broadly to education and researciseTdfe
the private sector, with its lack of focus on research, may threaten the hesdarof
universities in most of the world, especially in developing countries wherpritrege
sector and the for-profit universities are rising very fast with no declatedtion to
contribute to any research activities.

Research Universities and Ethical Norms

In some parts of the world, universities do not adhere to strict ethicalsn@orruption
is a problem and grants and promotions may be awarded fonseasielated to quality
and merit. For research universities, adherence to ethical norms and acadesty w0
of special importance. Universities are, of course, part of a broadiai and political
system, and if the government is rife with corruption andritism; as is usually the case
in most developing countries, academe will not be immune. The problamadémic
corruption in its many facets is present in some developing countriberim student
admissions and the awarding of degrees, flagrant plagiarism bytswatel academics,
widespread cheating on examinations and other forms of clearly unadedptabvior
has become endemic. In a healthy academic system, when such bédiesoplace, it
receives the condemnation of the academic community and is rooted out.

The situation is even more dangerous when it directly involves theraitagmfession.

Poor academic salaries contribute to unprofessional professorial practices. Widespread
illegal selling of lecture notes and other course materials by professors, yn man
developing countries, is linked to the need of academic staff to eangremooney to
survive [4]. Selling academic posts is a common practice in sometriesynand
awarding professorships on the basis of ethnic, religious, or politazbrs is
widespread as well.
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While corrupt practices are damaging in any academic environment, theyiar tthe
culture and ethos of the research university. The ideal and practice of ethics are
central to the research university. Excellence and intellectual quality are key ¢ateria
student admissions, academic hiring, promotion, and reward in reseévehsities. The
underpinnings of these academic institutions depend on the ethical valiglespread
violations will inevitably make it impossible for a research university to fburi

The Academic Profession

The professoriate is central to higher education. Research universities relalbspec
the quality and focus of the academic profession, and current developaiatitg) to the
professoriate worldwide are not favorable for either the profession rorefearch
universities.

Research universities require full-time professors, scholars, and stsientio devote
their full professional attention to teaching and research as well as othenaymeiand
management at the universities. The lack of full-time faculty is onaterason why
Latin American countries have failed to build research universities.

Along with full-time commitment, salaries must be sufficient to supp middle-class
lifestyle as professors must be solid members of the middle class inctheitry.
Frequently, full-time professors generate a significant part ef lncomes through
consulting, moonlighting at other institutions, or, at some univershietaking on extra
teaching loads in fee-producing programs. These arrangements dietracthe core
functions of the professoriate and make full academic productivity difficutbaintain.
In some disciplines, consulting work, applied research for industdyptirer links with
external agencies may provide useful synergies for academic woik, haty countries
outside work and dependence on additional income are deleterious to the research
university. Just as problematic, academic salaries, overall, have stagratddide
while the remuneration for similarly educated professionals, outsidersities, has in
some countries increased quite dramalycdh order to attract the “best and brightest” to
academe, salaries must be competitive.

Teaching responsibilities must be sufficiently limited to allow time and enesgy f
research. In the United States, the standard teaching load in most reseaeditias is
two courses per semester or four per academic year. In somefisciehds, even less
teaching is expected. Similar teaching loads are common in Europe. yndeagloping
countries, much more teaching is required, leaving little time for researehmokt
active research-focused professors in the United States undertake a signéitaosft p
their teaching in graduate programs, which helps to link teaching with chsead
increases productivity. In European countries, with doctoral programsarhanainly
focused on research, professors are given sufficient time for doctpeivision and
mentoring. Few developing countries have instituted these practices.

The academic profession must have a career ladder that permits psofessbe
promoted up the ranks of the profession on the basis of #sdarmance and the quality
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of their work, and a salary structure determined by performance. Inregisns of the
world, promotion up the academic ranks is largely a matter of sgnamid not of
demonstrated performance in teaching and research. In the majority wifriesu
academic salaries are determined by seniority, rank and, in some places, disathkn
than by job performance. This is especially true for countries whexdentcs are
considered civil servants. Civil service status provides strong guararfteesmanent
employment but seldom measures productivity as an element of promotion.

The challenge is to link reasonable guarantees of long-term employment, batieass
of ensuring academic freedom and as a way of providing emplatysecurity and
ensuring institutional loyalty.

WORLD-CLASS UNIVERSITIES IN DEVELOPING COUNTRIES

Many developing and middle-income countries need research universitiagitippte
in the expanding knowledge and service-oriented economy of tfe cgtury.
Aspirations, however, must be tempted by realities. The goals of researefsities in
developing countries necessarily differ from those of the large imaimgd nations. For
developing countries, the goals include the following core elements.

Establishment and Retention of Scientific Community

Research universities employ scientists and scholars in a rangsciglides. Without
these institutions, highly trained academics would leave the couasyit happens today
in many developing countries that lack these institutions would fail to be trained in
the first place. Research universities provide the institutional base for tégsgors,
scholars, and scientists who compare what is happening at the frofitsmience in all
the fields and can participate in the global scientific community. The institutbais
local talent at the same time as they produce additional talent. The academgritym
in the local research university can communicate with scholars abroad aparticipate
in the global scientific community.

Relevance of Research and Teaching to Industry and Society

Local research universities are the only institutions that are able to focus attemtion
local needs. They understand the specific problems of the countsiah they are
located and are able to focus attention on these themes. External insthatienseither
the interest nor the knowledge to do so. Research universities can bringtiotexin
scientific trends to bear on local problems and contribute to the developfradorestic
industry, agriculture and society.

Cultural and Social Development and Critique
Research universities everywhere constitute centers of culture and critiqegeloping

countries, they are of special importance in this regard because there aothésw
societal institutions with relevant expertise. Research universities are ofieonth
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places with a critical mass of experience and resources in a range of auttasalThese
institutions also provide social commentary, analysis and critique. Adiady, are
uniquely positioned for these roles; they have an academic freedbm@mmunity of
faculty and students interested in a range of disciplines. While poltithbrities may
find criticism unwelcome, it is of central importance for the developrnoérd civil
society.

Research and Analysis in the National Language (s)

Research universities must, of course, function in the international langofag@ence
and scholarship. Simultaneously, they have a responsibility to dissenmesearch and
analysis in local languages. Indeed, they may provide a kegestarnational-language
development by producing scientific and literary work in the langaagebuilding up
vocabulary. The role of the local languages in developing country ceseaiversities is
a highly complex one. In many developing countries higher education pédes in
foreign languages and the issues are quite complex. But it is clearetedrch
universities play a key role in supporting and developing local laeguag

Educating a New Generation of Scientists, Scholars and Technicians

It goes without saying that the central role of the research univéssitgducation the
training of the next generation of educated personnel for the society.

The aspirations of the research universities in developing countries muséltstic.

With the exception of a few of the largest and most successftiélaping nations,
including China and India, aspiring to compete with Harvard or Oxfotd build a top-
ranking world-class university is not a reasonable goal. Rather, dengloguntries can
seek to compete with second-rank but quite distinguished research univénsities
industrialized world such as Indiana University in U.S.A and York Ugityem U.K.

It is also necessary to select specific areas of science and scholaeshiphi@size. Most
research universities provide instruction in the main academic disciplines, apdhavan
associated professional schools such as medicine and law. Few reseaectitiesi\are
outstanding in all fields. Some smaller developing countries may lack s fa build

and sustain a research university. In such cases, it may be possibitdta begional

research university. Information technology makes this more practicable.

But investing in infrastructure may prove the easiest part. The moghtsafter
commodity is high-caliber faculty leaders and scientistsnd the major challenge is
recruiting and retaining them. We fear the recent initiatives wilbecsustainable if they
mostly depend on imported staff and expertise. The developing countyeagly need to
develop local talent and a technical workforce to sustain planned scightechnology
programs.

Developing countries should establish joint committees to coordinate and develop
initiatives that enhance national capabilities and regional competitivenesisrnesand
technology. They could help put the region on the global research map Hifyidgn
economically important and regionally relevant research areas to focus on. Su
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committees should be home grown, to better appreciate local issues, Hdtisbluge
external advisors for guidance and direction.

The developing countries could finance science that meets local and regiatabnee
also makes an impact internationally. For example, the Gulf States miglst im a
regional diabetes research center to tackle the high prevalence of diabetes or infa state-
the-art energy research and development center because ofgit®s vast energy
resources.

The development of first-class universities and top-level research cerganes a large
investment of time and money, and yearly performance evaluaticrudial in order for
the recipients to move in the right direction and to be accountable for theirsac

SAUDI-ARABIAN EXPERIENCE

Can a developing country like Saudi Arabia build a world-class univerkit® to
develop a research university which can compete with world flagshipersitigs
presents challenges on a number of fronts; and this is especially true gagh of a
country like Saudi Arabia that has been peripheral for so long and hagio@d the
ranks of middle-income countries relatively recently. Furthermore, ibeisoming
increasingly difficult for a middle-income country to become a competjilayer in the
international knowledge system, because the fiscal demands of playing on the world’s
stage of science and scholarship are growing exponentially.

In the most recent QS Top Universities 2009 Ranking [5], King Saluxketsity (KSU)
and King Fahd University of Petroleum and Minerals (KFUPM) wereaar247 and
266 respectively. This leap by the two universities is less to do miphoivements in
research competence but more to do with a noticeable presence of fore@msstpdst-
doctoral fellows and highly-cited adjunct faculty members at the tvixetsities. Here
we clearly see QS's heavy reliance on internationalization in its rankihgvorld
universities.

There are several issues that the Saudi higher education system haseeedalue to its
rapid growth and transition. Many universities have experienced rap@h&rp, or
rather “exploration”, without having the opportunity to make adequate adjustments to
their missions, functions and structures. Instead, such universiiessiohilar programs
and majors without any real, functional differentiation among various levetshobling.
All universities in Saud Arabia consider top American Universities as the “defining
institution” and attempt to model themselves after them. Since most professors in Saudi
universities, earned doctoral degrees from universities in the U.S.,idkeairof the
university was the one which was learned through their own erperiat their alma
maters. Thus, it is not surprising to find that the American pattasnserved as a
benchmark in recent self-directed efforts to restructure Saudi higher education

In order to promote quality research among the faculty, newly faadty at KFUPM
are required to have established publication records in internationally medsgience



BENCHMARKING AND COMPARISON OF ENGINEERING EDUCATION 426

journals and to participate in a yearly review process. The research retdresop-
ranking U.S. schools have served as a benchmark in evaluatipgotess of yearly
acdemic accomplishment and productivity at KFUPM. Various internal evaluations of
progress have been conducted at the university, college, departmentakeardhr group
levels. A self-evaluation appears to be the only reasonable way to assesnic
achievement and progress, for there is no “right” formula for a flagship university in the
periphery to become world class. KFUPM bolstered its graduate programovigipg
graduate students with generous stipends and research assistantships.thal
postdoctoral program was introduced and continuously expaimdedder to support
young scholars. Additionally, there is considerable infrastructure suppdrtding an
electronic library with easy access to various academic databases, high-tgmitecom
labs, and a housing facility for international scholars and students.

At KFUPM more efforts are needed to enhance global connections and coopé&aton
possible way to achieve this goal is to implement a joint-degreggmnogith foreign
universities and other scholarly exchange programs. This waddlt in regularly
inviting internationally accomplished scholars in various fields for Isbtbrt-term and
long-term residences.

SEOUL NATIONAL UNIVERSITY EXPERIENCE (SNU)

According to the QS TOPUNIVERSITIES Ranking [5], the world rankaigSeoul
National University (SNU) has dramatically and steadily increased frdfrirf2005 to

47" in 2009. Even though this ranking may be controversial, the wérdconsistent
increase in ranking gives a sense of the direction of SNU's self-$teangy efforts. The
achievements of SNU are indeed remarkable and should serve as a model and
encouragement to other middle-income countries with similar aspirations and
determinations. Seoul National University (SNU) outreach efforts nowdachcademic
exchange programs with about 90 universities in 27 countries aroavabotid. In 2005
there were more than 700 foreign students at SNU. Over the lasefive the number of
foreign professors has doubled to 58. SNU supports graduate stfatetiisir overseas
studies and their participation in international conferences. These overseas egperien
are particularly important in that they give junior scholars a streemgse of self-
confidence in their competitive status in the international arenas. Some of tres Itsst

can be learned by reflecting on the experience of SNU are [6,7]:

1. The fundamental strength of the secondary education system. Students
enter university do so after passing tremendous amount of dugtity
preparation. Korean students ranked among the top three countries snoferm
problem-solving and mathematical skills. Thus, it is not surprising StHigh
admits only the most able students from a wider pool of studerisalbady
exhibit high level problem solving and mathematical skills, has the tidten
becoming a world-class university.

2. The quality of undergraduate education received by the students while at SNU.
SNU was second only to the UCB in producing more undergraduate student
who later earned doctorates from American universities between 1999 and 2003
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3. The strong and committed relationship between a mentor and disciple that
serves as a potent academic force for graduate programs.

One of the reasons behind the doubts that a middtame country can establish a world-
class university is the issue of institutional autonomy, which is pkatigucritical for
academic innovation and freedom. Since central governments in many -niciotee
countries are attempting to build world-class universities to promote ecogomaith, it

is a tremendous challenge for academic institutions to maintain a mgedrevel of
autonomy. In fact, it has been difficult for SNU to remain autonomasis public
institution, especially because it was a main recipient of public finaresalurces. To
receive adequate funding, SNU has had to compromise its autonomythianis
something which has made it difficult to maintain consistent policies. Given thei
insufficient financial resources, even private universities face this dilematiaeit to a
lesser extent. Among the “four essential freedoms” of a university, SNU lacks the
freedom to determine “who may be admitted to study”.

FACTORS THAT MAY LEAD TO ACHIEVE WORLD-CLASS UNIVER  SITY
STATUS

The focus of higher education reform policies should be on compiebeasd
fundamental change. Although quantitative measures have been takemgthelynet be
the sole approach in creating a world-class academic institution.

The delicate balancing act between institutional autonomy and the role ofninal ce
government is critical for building a world-class research universityiddle-income
countries. While the government should provide financial and institutional kuppo
academic autonomy is a critical aspect of the intellectual environment thattpsomo
academic freedom and innovation.

Scientific knowledge is not immune to political and ideological forces.alatge that

will require ongoing attention is the task of enabling a university iniddlerincome
country to find a niche in the global intellectual community while maintaining a
commitment to the country’s unique traditional heritage without compromising the
institution’s international competitive edge. Participation in the global community of
world-class universities as a competitive partner requires enormous reserves of
determination, tremendous effort, and a plethora of resources. Eventakiilg as a
benchmark the models developed and refined in the core industrial coumitidel$s -
income countries should not abandon their own intellectual traditions. These untrie
need to be relevant in the global intellectual community while being mindful sat &3 n
become victims of any emergent tendency towards intellectual neo-coloriralisen2 '
century.
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SUMMARY AND CONCLUSIONS

Research universities are defined here as academic institutions committed to the
development and dissemination of knowledge in a range of disspénd fields and
featuring the appropriate laboratories, libraries, and other infrastructures thait per
teaching and research at the highest possible level. Research universities educate
students, usually at all degree levels including the undergraduateidication that the

focus extends beyond research. Indeed, this synergy of researcteamhéhg is a
hallmark of these institutions, which employ full-time academics who Wolctoral
degrees.

The research university is a central institution of th& @intury— providing access to

global science, producing basic and applied research, and educating leaders of the
academe and society. Worldwide, there are very few research universitiey are
expensive to develop and support, and the pressures of mass productopldtzd
priorities elsewhere. For developing countries, research universities are especially rare,
and yet they are especially important as key ingredients for econonsoeaiatiprogress.

The research university educates the new generation of the personnel feeded
technological and intellectual leadership develops new knowledge so necegsary fo
modern science and scholarship, and, just as important, servas aement of
worldwide communication and collaboration.

In establishing and fostering research universities, developing countregpifalslems
that are to some extent unique. The experience of world-class universitiée in t
developed countries and universities in the developing countries aspiring tceabguir
world-class status tell us that huge investment alone cannot tuigher leducation
institution into a world-class university. Moreover, it may not besjobs for each
country, especially those with very small population, to have a reseanrsity, but
many developing and middle-income countries can develop universitiesragearch
capacity and the ability to participate in the world knowledge system. Sroailetries
can form regional academic alliances to build enough strength in selectexl thield
promote participation in global science. However, academic institutions in snpadbor
countries cannot compete with the Oxfords or Harvard’s of the industrialized nations. But
most countries can support at least one university of sufficient qtaliarticipate in
international discussions of science and scholarship and undertake reseanehdn
more fields relevant to national development.

China, India, South Korea, Chile, Taiwan have placed emphasis on degelogrld-

class research universities. Several of Africa’s traditionally strong universities are

seeking to improve their quality in an effort to achieve researalrensity status, with
assistance from external funders, although, in general, it lags behthe ievels of
academic development of the other continents.
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