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Collaboration Environments for Construction:
Management of Organizational Changes
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Abstract: The implementation of a new collaboration environment initiates many changes to an organization and to the end users as a
result of the new way of working and the use of new technologies. Unless these changes are well managed at the organizational level,
it will not be possible to achieve the full benefits expected from the implementation of the collaboration environment. This paper presents
a framework for managing the organizational changes brought into construction organizations by the introduction of a new collaboration
environment. The framework consists of five primary stages: initiation of change, development of change vision, planning of organizational
change, implementation of change, and evaluation of change. The processes for each stage are detailed in integrated definition function
modeling diagrams. The evaluators in construction organizations have found the framework to be successful in managing organizational
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Introduction

Organizational and people related issues have been highlighted as
major factors affecting the success of collaboration environments,
and hence, project success (Allen et al. 2005; Erdogan et al. 2008;
Nikas et al. 2007; Patel et al. 2012). The term “collaboration envi-
ronment” refers to an environment created by using different
collaboration tools and technologies in which all organizations
involved in the construction project can communicate, exchange
data and information, and conduct joint activities to realize the
successful completion of this project. Wilkinson (2005) refers to
an industry rule of thumb suggesting that 80% of the successful
implementation of collaboration systems depends on tackling
the personnel and process issues, whereas 20% is related to resolv-
ing the technology aspects. Shelbourn et al. (2007) approached
collaborative working from a strategic management perspective
and stated that effective collaboration results from the harmony of
three key strategies: business strategy, people strategy, and technol-
ogy strategy. Shelbourn et al. (2007) also defined six key areas to be
addressed within each of these strategies to enable effective col-
laboration: (1) vision, (2) engagement, (3) trust, (4) communication,
(5) processes, and (6) technologies. Alshawi and Ingirige (2003)
proposed that equal attention should be given to the management
of technology, process, people, and knowledge for the successful
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adoption of a web-enabled collaboration environment for project
management in construction. Vadhavkar (2001) stated that spatial
setup, information technology, and organizational processes are
the three primary elements that enable successful collaboration
between globally dispersed teams.

The efficiency and effectiveness of a collaboration environment
rely on the participation of all organizations in the project team.
However, a new collaboration environment will result in many
changes for both individuals and for the organization, which are
rarely welcome. Most of the failures in achieving the full benefits
expected from the implementation of collaboration environments
arise from the people and process concerns related to these changes
(Erdogan et al. 2008). The success of a collaboration environment
not only depends on the collaboration technology introduced to the
organization, but is also highly influenced by how this technology
is introduced. Unless supported by the relevant people, process, and
change management strategies, the stand-alone implementation
of collaborative information technology (IT) will not enhance
collaborative working. This research focused on these issues and
aimed at developing a framework that manages the organizational
changes arising from the introduction of a new collaboration
environment.

This paper reviews previous work on organizational change
management and the related theoretical concepts, and presents a
framework developed to manage the organizational changes arising
from the introduction of a collaboration environment. This frame-
work is referred to as the management of organizational changes
(MOCHA) framework. The processes and subprocesses of the
framework are explained in detail and presented in integrated def-
inition function modeling (IDEF0) models. An evaluation of the
framework is provided and conclusions drawn from the research
are presented.

Organizational Change Management

Organizational Change

Organizational changes are changes to organizational processes;
changes in organizational functions; changes in values, beliefs,
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and human behavior; and changes in power distribution and the
way organizational issues are influenced (Cao et al. 2000). All
of these are interconnected and affect one another. Organizational
changes can be initiated by many factors that can be categorized
under two primary headings: external and internal factors. These
factors are summarized in Table 1.

Construction organizations implementing collaboration envi-
ronments experience most of the internal factors listed in Table 1;
hence, they need to manage organizational changes. The decision
about how these changes will be conducted depends on the type of
change. Table 2 summarizes different classifications of organiza-
tional changes that are commonly discussed in the literature.

According to the characteristics of change, an organization goes
through different forms of change. As shown in Fig. 1, an incre-
mental change that is made in anticipation of future events is called
tuning. A strategic change in anticipation of external events that
will require this change is referred to as reorientation. The incre-
mental changes conducted as a reaction to external events are called
adaptation, whereas reactive strategic changes are referred to as
re-creation.

Changes can also be categorized according to the way the
change is implemented in the organization. According to Jick and
Peiperl (2003), there are three perspectives on change, as shown in
Fig. 2. Developmental change is a continuous process of change,
whereas transitional change involves a period for transition be-
tween the old and new states of the organization. Transitional
change can also involve developmental change. The three-stage
organizational change model described by Lewin (1952) is a good
example of transitional change. Transformational change may in-
volve both developmental and transitional changes.

Table 1. Reasons for Changes at Organizational Level

External reasons Internal reasons

Changes in environment

New technologies

Changes in the marketplace
Changing customer expectations
Changes in competitor activities
Changes in quality and standards
Changes in legislation Changes in organizational culture
Changes in prevailing political Changes in systems of internal
values power and control
Changes in the economy —

Demographic changes —

Ecological changes —

Changes in cultural factors —

Note: Data from Voropajev (1998), Love et al. (2002), and Smither
et al. (1996).

Changes in goals and values
Changes in technical system
Changes in organizational structure
Changes in management philosophy
Changes in psychological system
Changes in managerial system

Table 2. Classification of Organizational Changes

When organizational change is investigated considering the
period between the present and future states of an organization—
in other words, states before and after the change with respect to the
rate of integrated change—three different approaches to change
have been identified by Felkins et al. (1993). These approaches are
shown in Fig. 3.

Approach A shows a directed change conducted at deliberate
speed and intention. Although this approach can have some com-
petitive advantages, if conditions alter during the change, the time
may not be enough to gather information and feedback for the in-
tegration of directed and nondirected processes. Approach B also
shows a deliberate change, but includes some intentional stops dur-
ing the change to analyze the movement and process to integrate the
nondirected elements during the transition. Approach C addresses
both directed and nondirected change processes through looping
cycles of continuous feedback, monitoring, and assessment, and
is believed to initiate more positive long-term results than the other
two approaches.

Theoretical Approaches in Organizational Change
Management

The roots of research on organizational change management can be
traced back to the works of Taylor and Hawthorne in the early years
of the twentieth century (Roethlisberger and Dickson 1939). The
basis of Taylorism, also known as the scientific management ap-
proach, is that work can be divided into subunits or specializations.
It is believed that there is one best way to perform a task and that
each subunit of a task should be conducted by people capable of
doing so in this standardized best way. The studies of Hawthorne,
on the other hand, follows a humanistic approach, drawing atten-
tion to group behavior, relations among group members, and rela-
tions between group members and management. Understanding
the linkages between an individual, their role among the other
members of the group at the workplace, and the degree of inde-
pendence given to the group is considered an initial step to effective
performance.

Contingency theory is distinguished from most organiza-
tional theories proposing one best way to structure an organiza-
tion (Donaldson 2001). According to contingency theory, each
organization has different circumstances such as environment,
organizational size, technology, and organizational strategy. These
circumstances are referred to as contingencies and the theory states
that the best performance will occur when the organizational
characteristics fit these contingencies (Burns and Stalker 1961;
Chandler 1962; Child 1973; Robey and Sales 1994). When contin-
gencies change, the organization will need to change to fit its
organizational characteristics to the new contingencies.

Criteria

Organizational changes

Differences in organization attributable  Strategic changes
to change (Tichy 1983)

Speed of transformation in the Incremental/gradual
organization (Cao et al. 2000;

Cummings and Worley 2005)

Initiation nature (Burnes 1996)

to its environment
Emergent changes

Driven from bottom up; is an open-ended and

Nonroutine, nonincremental, and discontinuous;
alter the overall orientation of the organization

Routinely necessary for any organization to adapt

Nonstrategic changes

Do not affect the overall orientation of the
company or result in drastic differences
Radical/quantum changes

Necessitates thorough reexamination of all facets
of organization
Planned changes

Result of action research and analysis of social

continuous process of adaptation to changing conditions and organizational problems in question

Initiation nature (Burnes 1996) Emergent changes

Same as above

Anticipated changes
Not planned by organization, but occurrence
is expected
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Fig. 1. Types of organizational change (data from Jick and Peiperl
2003)
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Fig. 2. Three perspectives on change (data from Jick and Peiperl 2003)
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Fig. 3. Approaches to change (data from Felkins et al. 1993)

Another theory associated with organizational change is
systems theory. According to systems theory, to understand the sur-
vival, adaptation, and performance of an organization, the dynam-
ics of environment—organization relations should be considered as a
system (Wilson and Rosenfeld 1990). From the perspective of
change management, a system can be defined as “an assembly
of components, which are related in such a way that the behavior

© ASCE

04014002-3

of any individual component will influence the overall status of
the system” (Paton and McCalman 2000). Therefore, the systems
approach to change investigates many different dimensions of an
organization. The systems approach has resulted in the develop-
ment of many models, which can be grouped into two groups:
intervention models and organizational development models.

Intervention models focus on proposing systematic guidelines in
clearly defined steps for implementing organizational change,
whereas organizational development models are more related to
soft concerns and use behavioral science technology, research,
and theory. The intervention strategy model (Paton and McCalman
2000) and hard systems model of change (Senior and Fleming
2006) are examples of intervention models.

The classical three-stage change model of Lewin (1952) is con-
sidered to be one of the first organizational development models.
This model has been displaced by more detailed adoption models,
including organizational learning models, through many research
efforts by Warner Burke (1994), Senior and Fleming (2006), Senge
(1992), and Sterman (2000).

This research uses the contingency theory to explain the need
for organizational change management as a result of implementing
a new collaboration environment. Two contingencies will be
affected by the introduction of the collaboration environment: a
new working approach and a new technology. The organization
will need to adapt its characteristics to fit the organization to the
changing contingencies, and hence, conduct organizational changes.
The MOCHA framework is intended to be used for conducting a
planned change, similar to the planned change in the organizational
development models; hence, it makes use of feedback and correction
loops that form a critical part of organizational learning. The frame-
work also uses the change agent concept in these models. The change
agent is the person who is responsible for the effective implementa-
tion of change. Problem owner, facilitator, project manager, master of
change, and change champion are other terms used to refer to the
change agent (Cummings and Worley 2005; Warner Burke 1994;
Paton and McCalman 2000). However, the framework does not iden-
tify only one leader assuming the title of change agent. The MOCHA
framework uses a change guiding team to conduct the organizational
changes following the see—feel-change approach of Kotter and
Cohen (2002), explained in the next section.

Leading the Change

For the success of collaborative working, it is important to have
good and inspirational leaders holding people together and moti-
vating team members for collaboration (Dossick and Neff 2010).
Leading the change is considered to be another very important
dimension in organizational change management. Most changes
are introduced by the analysis—think—change approach:
1. Analysis: data collection and analysis are conducted on
problems, solutions, or progress;
2. Think: the analysis results are investigated and a selection con-
sistent with the necessary change is made from the ideas; and
3. Change: the chosen ideas are implemented.

Despite their common use, scientific approaches may not
always be the best way to manage changes involving people. Kotter
and Cohen (2002) suggest that to get people involved in the
changes or to encourage people to adopt the introduced changes,
the see—feel-change approach works better than the analysis—think—
change approach. Displaying the problems or solutions through
the use of eye-catching, compelling, and dramatic situations allows
people to visualize the problems (see). These visualizations provide
useful ideas that will engage the emotions (feel), and these emotion-
ally charged ideas change behavior or reinforce changed behavior
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Table 3. Eight Stages to Achieve a Large-Scale Change

Step Action New behavior

1 Increase urgency People start telling each other, “Let’s go, we need to change things!”

2 Build the guiding team Group powerful enough to guide a big change is formed and start to work together well

3 Get the vision right Guiding team develops the right vision and strategy for the change effort

4 Communicate for buy-in People begin to buy into the change, which shows in their behavior

5 Empower action More people feel able to act, and do act, on the vision

6 Create short term wins Momentum builds as people try to fulfil the vision; fewer resist change

7 Do not let up People make wave after wave of changes until the vision is fulfilled

8 Make change stick New and winning behavior continues despite the pull of tradition and turnover of change leaders

Note: Data according to Kotter and Cohen (2002).

(change). This approach can be achieved by following the eight
stages explained in Table 3.

Jick and Peiperl (2003) proposed another framework consist-
ing of 10 stages called the 10 commandments of implementing
successful organizational change. This framework is considered
to be a combination of both the see—feel-change and the analysis—
think—change approaches. These 10 stages are:

1. Analyze the organization and its need for change;

Create a shared vision and a common direction;

Separate from the past;

Create a sense of urgency;

Support a strong leader role;

Line up political sponsorship;

Craft an implementation plan;

Develop enabling structures;

Communicate, involve people, and be honest; and

Reinforce and institutionalize change.
Although some of the stages in the frameworks by Jick and
Peiperl (2003) and by Kotter and Cohen (2002) are similar, Jick
and Peiperl’s 10 stages begin with the analysis stage, an approach
heavily criticized by Kotter and Cohen (2002) because of three
limitations: (1) in most cases, extensive analysis reports are not nec-
essary to understand that something is not working; (2) analytical
tools work best when parameters are known, assumptions are min-
imal, and the future can be predicted clearly; and (3) good analysis
changes the thoughts of people, but does not motivate them to a
great extent. Hence, the approach of Kotter and Cohen (2002) starts
with creating a sense of urgency, leading the people to visualize
the need for and importance of the change. Jick and Peiperl (2003)
focus more on the role of a strong leader, whereas Kotter and
Cohen suggest a guiding team. The MOCHA framework follows
the see—feel-change approach of Kotter and Cohen and uses the
eight stages as the primary principles behind the framework. The
framework also uses the guiding team approach suggested by
Kotter and Cohen (2002).

PO E LD

—

Framework for Management of Organizational
Changes

Objectives and Rationale for the Framework

The primary problem in the implementation of collaboration
environments is related to people and organizational issues, rather
than technical issues. Results of a multicase study identified 13 pri-
mary organizational issues for the successful implementation of
collaboration environments (Erdogan et al. 2008):
1. Criticality of the implementation of the collaboration environ-
ment for the project success;
2. Binding clauses in the contract regarding the use of the
collaboration environment;
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Agreement between parties on the use of a collaboration
environment;
Trust factor between the organizations and trust in the system;
Security of organizational data;
Top level commitment;
User resistance to change;
Early user involvement;
9. User friendly interface;
10. Training;
11. Consistency of data format, types, and standards;
12. Use of common conventions; and
13. Efficiency of the collaboration environment.

These issues are linked to each other and should be approached
as a system when implementing a collaboration environment.
Using a systems thinking approach, it has been shown that there
is a need for a detailed organizational change management ap-
proach to simultaneously control all of the factors affecting the suc-
cess of collaboration environments. This informed the development
of an organizational change management framework for the imple-
mentation of collaboration environments in construction projects.

The need for organizational change management during the
implementation of collaboration environments was also justified
by using contingency theory. However, there is very little research
in the construction industry, which presents a clear methodology to
conduct this organizational change management.

The MOCHA framework was developed to bridge this gap and
provide a methodology to guide each organization to initiate an
organization specific change management approach to conduct
the organizational changes required for the implementation of col-
laboration environments. Specific objectives associated with this
aim are:

1. To manage the changes brought into organizations by the
introduction of a new collaboration environment;

2. To increase attention on the people and organizational
concerns for collaborative working; and

3. To prevent and manage resistance to change and cope with
other barriers to the implementation of collaboration technol-
ogies associated with change.

The MOCHA framework focuses on change management and
the implementation of a collaboration environment at the organi-
zational level. It is aimed to address the organizational and people
concerns in each organization through a change management ap-
proach, with an ultimate aim of improving the collaboration across
construction projects through reducing the barriers and addressing
the problems that are considered to be the primary reasons for
failure.

The framework should be used by middle and senior level man-
agement. The people to use MOCHA can be business managers,
project managers, IT managers, research and development depart-
ment managers and employees, collaboration champions, team
leaders, and end users.

NN
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Overview of the MOCHA Framework

For the success of the project collaboration, all organizations in-
volved in the project should participate in the collaboration envi-
ronment and follow the same procedures. Each organization needs
to manage the organizational changes initiated by the new collabo-
ration environment to adjust their current processes and encourage
their employees to properly use the new systems. The amount of
required change will depend on how familiar the organization is
with the new collaboration technology, tools, or methodologies,
and their level of compatibility with the current organizational proc-
esses and the organizational working culture. The MOCHA frame-
work consists of a set of processes that guides the organizations to
come up with an organizational change management solution.

The conceptual MOCHA framework was developed by using
the IDEFO process modeling approach because of its capability
to represent different levels of details in parent and child process
diagrams and because of the familiarity of construction professio-
nals with the technique. IDEFO is a technique that represents func-
tions, activities, or processes in a structured way, making use of the
inputs, controls, outputs, and mechanisms (ICOMs) of an activity.
An activity shown in a diagram can be broken down into further
activities and shown in a separate diagram, which is called a child
diagram.

The top level activity of an IDEFO model is called the A0 pro-
cess and is shown in an AQ diagram. This diagram shows the pri-
mary objective of the model, showing the A0 process together with
all ICOMs. The AO process is later broken down into subprocesses,
which are shown in an AQ diagram. The AOQ level process of
MOCHA is called “manage organizational change due to imple-
mentation of a collaboration environment” and is shown in Fig. 4.
The text shown under the box, “MOCHA/AOQ,” indicates that this
activity is broken down into subprocesses and presented in a child
diagram that has a node number of MOCHA/AQ, shown to the bot-
tom left of the diagram.

The MOCHA framework consists of five primary stages, which
are shown as five activity boxes in the MOCHA/AQO diagram

presented in Fig. 5. The first stage is called the initiation stage,
in which the need for organizational change is defined. The second
stage focuses on defining a change vision. In the third stage, an
organization change management plan is developed. The fourth
stage focuses on implementing the identified changes according
to the plan developed during the third stage; the last stage focuses
on evaluating the performance of the collaboration environment im-
plementation and change management.

The circled “f.PL” symbol shown in Fig. 5 (and later in
Figs. 6-10) is used to differentiate an input or a control that is de-
cided on by all organizations on the project and that is binding for
all organizations. These cannot be decided at the organizational
level, but they affect the decisions made at the organizational level.
Some of the activities in the MOCHA framework are focused on
producing organizational requirements and needs for the collabo-
ration environment or any organizational views on some aspects
of collaborative working in an attempt to shape the collaboration
solution agreed upon at the project level.

The five primary processes are further broken into some subpro-
cesses. When developing the subprocesses, the considerations in-
cluded the organizational concerns in the implementation of a
collaboration environment and the relationships between these con-
cerns, determined through the interpretation of the case study re-
sults (Erdogan et al. 2008), and a literature review on organizational
change management. All of these processes are shown in Table 4 as
a node index (also referred to as a node tree), which is a listing
showing all nodes in an IDEFO model in outline order. Each of
the five processes and their subprocesses are explained in the
following sections.

Initiate Organizational Change Management:
MOCHA/A1

The first process of MOCHA starts the change management pro-
cess by identifying the key players, capturing relevant information,
and defining changes likely to be required as a result of planning

Resources

Previous collaboration experiences

Definition of collaboration need

Collaboration & Change Vision

Organizational Processes

Employees’ perceptions

Workflow

Collaboration Specifications

odified collaboration solution
—_—>

Manage Organizational Change due to
Implementation of a Collaboration
Environment

User/Organizational/IT Requirements

Performance Evaluation Report
o—

Collaboration Change Management
Team (CCMT)
Senior Management

Collaboration Champion

Systems Manager

Sample of users

OCHA/AO

Data Collection Techniques

Performance Measurement Techniques

Meeting
Communication Technologies

NODE:

rﬂocHA— TITLE: MANAGE ORGANIZATIONAL CHANGE DUE TO IMPLEMENTATION OF A COLLABORATION ENVIRONMENT NO.. 0

Fig. 4. MOCHA model: AO process
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and implementing the collaboration solutions. It consists of three
subprocesses, which are shown in Fig. 6.

The first step is to build the change implementation team. When
the need for collaboration is communicated to the organizations
participating in the project, each organization should appoint a suit-
able champion as their representative in the collaborative venture.
This champion is referred to as the collaboration champion (CC)
and is responsible for all collaboration related tasks in the organi-
zation. The responsibilities of the change champion/agent role used
in the organizational change management literature, in addition to
the collaboration responsibilities, are conducted by the CC. The CC
should manage the implementation of the collaboration environ-
ment in the organization and should ensure that the organization
participates in the project according to the collaboration standards
and procedures defined by the project organization. The CC will
also be responsible for managing the changes in the organization
introduced by the collaboration environment and should try to
achieve a smooth adoption period for the collaboration environ-
ment, together with the collaboration change management team
members. The CC will coordinate all collaboration activities in
the organization throughout the project, direct the collaboration
change management team (CCMT), members of which are also
identified in this process, and work together with the IT/systems
manager.

Once the CC is identified, the next task will be to initiate the
formation of the CCMT. The CCMT consists of a sample of users
in an organization appointed by the CC and/or senior management
to enable the link between the users and the CC. This team may
include representatives from operational, technology, and senior
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management levels. Within the CCMT, it is important to have a
representative from each group in the organization that is likely
to be affected by the change. The CC is a core member of the
CCMT and will be attending all CCMT meetings.

The CCMT is one of the key elements of the organizational
change management framework and is a result of a user involve-
ment approach. The team plays an active role in capturing user and
organizational requirements, communicating change, and deter-
mining the changes in the organization attributable to the collabo-
ration environment. It also participates in all processes in the
implementation and evaluation of the collaboration environment.
Involving representatives of the people who will be affected from
the change in the change implementation stage will help the adop-
tion of the change because that change will no longer be interpreted
as a change imposed on them. Having a right to speak directly
about the change, or indirectly through the CCMT, will give the
users a feeling of ownership of the change.

The next step is to communicate initial change. Initial changes
are identified after the preliminary collaboration specifications are
defined. It is important to communicate these to employees early in
the process, to give them adequate time to understand and adjust,
and hence, to reduce their resistance to the changes (Balogun and
Hope Hailey 2004). Erdogan et al. (2008) also suggested that the
earlier the users are involved in the design and implementation of
the collaboration environments, the less resistance will occur.

Details and the size of the change will not be clear at this stage
because the collaboration specifications in the project have not yet
been detailed or finalized. However, a sense of urgency for change
needs to be created in the organization; hence, even if the details of
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Fig. 6. MOCHA/AL: initiate organizational change management

the change are not known, the fact that there will be some change in
the organization should be shared with employees.

The next step in this process captures the user and organizational
requirements for the collaboration environments that will be used
during the development of the collaboration solution. The CC and
CCMT will be using their previous collaboration experiences to
identify the expectations from the collaboration environment and
will inform the collaboration management team. It is important
to have a formal process of identifying the user and organizational
requirements; this will enable the collaboration environment to ad-
dress these requirements to meet expectations and to reduce the re-
sistance that may rise because of beliefs that the change is not in the
best interests of the organization or that the change is not aligned
with the core values and needs of the organization.

Develop Change Vision: MOCHA/A2

The second process of MOCHA starts as soon as a collaboration
vision and strategy are agreed upon between all organizations in
the project. Each organization will investigate this collaboration
vision and, considering their organizational characteristics, will de-
fine the need for organizational change, develop a vision for this
change, and communicate this vision to the employees. The IDEF0
diagram for MOCHA/A?2 is shown in Fig. 7. Three subprocesses of
MOCHA/A?2 are explained in the following.

The first step is to define the need for organizational
change. Based on the collaboration vision communicated to the
organization, the CC and CCMT will decide whether there is a
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need for organizational change and then define its extent and
implications.

The next step is to define the change vision. Following the
definition of a need for organizational change, the CC and CCMT
will develop a change vision that is aligned with the shared collabo-
ration vision. This vision is similar to the change vision presented
by Kotter and Cohen (2002). The vision should be clear enough to
be quickly understood by the employees. If the right vision can be
developed for the change effort, future steps will be easier to
agree on.

The third step is to communicate the change vision. Vision and
strategies are not only for the guiding team: they should be com-
municated for both understanding and gut-level buy-in, with the
goal of ensuring that as many people as possible will act to make
the vision a reality (Kotter and Cohen 2002). Therefore, the
change vision identified in the previous subprocess should be com-
municated in the organization by the CC and CCMT. Communi-
cation technologies are used as a means of conducting this process.

Plan Organizational Change Management: MOCHA/A3

The third process of MOCHA focuses on planning how the organi-
zational change should be managed. This process is conducted
parallel to the planning of the collaboration solution. The process
provides the results of an information and communication technol-
ogies (ICT) audit to the collaboration management team to develop
collaboration specifications to be used on the project. These spec-
ifications are used by the CC and CCMT to plan the required
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organizational changes. MOCHA/A3 consists of three subpro-
cesses, which are shown in Fig. 8.

The first step is to define the current tools and needs for the ICT.
The current ICT tools in use are established and summarized by the
systems manager and CCMT in the form of an ICT audit report
for each organization. These are considered by the collaboration
management team members to identify new technical requirements
when planning the collaboration solution.

The next step is to identify required organizational changes.
When the collaboration specifications defined at the organizational
level of the project are communicated to the organizations, each
organization should conduct an analysis to identify their impact
on the employees’ perceptions, organizational processes, ICT tools
and technologies, and the workflow structure of the organization.
Taking these factors and the change vision into account, the CCMT
and CC identify the organizational changes required to implement
the collaboration specifications. The output for this process is the
list of changes.

The final step is to plan the organizational change. Once the
required organizational changes are identified, the CC and senior
management should develop a plan for how this change will be
implemented, considering the change vision and the resources. This
plan is called the change implementation action plan.

Implement Organizational Change: MOCHA/A4

The fourth process of MOCHA is aimed at finalizing the collabo-
ration solution through a pilot implementation, conducting training,
and finally implementing the collaboration solution on the project.

It consists of three subprocesses, each of which modifies the change
implementation action plan by using the feedback obtained at each
step. The IDEFO diagram for MOCHA/A4 is shown in Fig. 9.

The first step is to pilot and refine change. This process imple-
ments a pilot of the collaboration environment and conducts the
changes required for this. The changes are implemented according
to the change implementation action plan developed in the previous
process. Only a sample of users are involved in the pilot; it is rec-
ommended to use CCMT members for this sample because they
have already been involved in capturing user and organizational
requirements and know what is expected from the collaboration
environment. Furthermore, including the CCMT members for
the pilot will increase the likelihood of having a thorough exami-
nation of the collaboration environment while keeping an eye on
the organizational change management processes. The system
manager should also be involved in this process to cover the tech-
nical aspects of the pilot.

Conducting a thorough pilot process will prevent an unexpected
need for major changes during the implementation of the actual
project. The pilot implementation is expected to provide feedback
on two areas. The first feedback is related to the change implemen-
tation procedures of the organization, which will be used to modify
the change implementation action plan. The second feedback is
related to the collaboration environment implementation. The
organizational reflections and feedback about the pilot CE imple-
mentation constitute the output of this process, which is commu-
nicated to the project organizational level and used to determine the
alterations to the collaboration solution.
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Fig. 8. MOCHA/A3: plan organizational change management

The next step is to conduct training. Training is conducted
following the recommendations defined by the CCMT. The CC
and systems manager should be involved in this process. Training
must be aligned with the change implementation action plan and
should be considered as a combination of training on the use of
the collaboration environment tool and training on the collaboration
standards and procedures detailed in the collaboration specifica-
tions. During the training, some feedback on change implementa-
tion is also obtained. This feedback is used to alter the change
implementation action plan.

The final step is to implement change. This process starts the
implementation of the final collaboration plan and associated
changes fixed after the pilot implementation at the project organi-
zational level. The systems manager, CC, and CCMT should be the
primary actors for this process. This process allows the start of the
use of the collaboration environment on the construction project.
During this step, feedback on change implementation is obtained
and used to revise the change implementation action plan.

Evaluate Organizational Change: MOCHA/A5

The last process of MOCHA is aimed at evaluating the adoption of
organizational change in the short and long terms, and facilitating
organizational learning during the implementation. MOCHA/AS
consists of five subprocesses, as shown in Fig. 10.

The first step is to obtain short-term results on collaboration. A
short-term performance evaluation should be conducted within
each organization to check whether the collaboration environment
is working efficiently and to identify any bottlenecks or barriers
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that should be removed. The organizations should also evaluate
whether the organizational change is accepted by employees and
whether there are any alterations to be made in the change imple-
mentation action plan. This process is conducted by the CCMT and
CC using appropriate data collection and performance measure-
ment techniques. The results are documented as the organizational
performance evaluation report, which is sent to the project organi-
zation level for a further interorganizational evaluation of the col-
laboration environment performance.

The next step is to implement the altered collaboration solution.
The short-term evaluation of the performance of the collaboration
solution will result in some alterations in the collaboration solution
at the project organization level. Each organization will implement
this altered solution. The CC and CCMT will conduct this process,
taking into account the short-term results of the change manage-
ment performance.

The third step is to alter the change management procedures.
As previously stated, the organizational performance evaluation
focuses on both the collaboration environment and the organiza-
tional change. The modifications required in the collaboration sol-
ution are determined at the project organization level, whereas the
modifications required in change management procedures are inde-
pendently conducted in each organization. This process determines
these modifications to the change management procedures and is
conducted by the CC and CCMT. The output of the process is the
altered change implementation plan.

The penultimate step is to evaluate long-term results. At the end
or close to the end of the project, the long-term implications on the
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Fig. 9. MOCHA/A4: implement organizational change

change management are evaluated by the CC and CCMT using
appropriate performance measurement techniques. The results of
the evaluation are documented as the long-term performance evalu-
ation report.

The final step is to document organizational learning. The aim
of this process is to document and save strategic data that will be
beneficial for future organizational change management attempts in
the form of guidelines or recommendations. During any change
implementation, organizations go through an implicit or explicit
learning process. Best practices, required alterations, and corrected
mistakes all form lessons learned during the implementation, which
should be captured throughout the implementation. The CC and
senior management conduct a final evaluation of these captured
lessons at the end of the project and the CC documents the organi-
zational learning.

Evaluation of Framework

Evaluation Methodology

The primary purpose of evaluation research is not to discover new
knowledge, but to study the effectiveness of a practical action
enhanced by the existing knowledge (Babbie 1995; Clarke 1999).
An evaluation was conducted to validate the MOCHA framework.
The aim was to assess the overall effectiveness of the framework,
the extent of its ability to manage the organizational changes re-
sulting from implementing a collaboration environment, and the
extent of its ability to facilitate the implementation of collaboration
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environments. The evaluation also aimed at obtaining the recom-
mendations of industry professionals for further improvement of
the framework.

The design of the evaluation research considered many factors.
Construction companies should start using the MOCHA frame-
work as soon as the need for an IT-enabled collaboration is com-
municated to the collaborating parties, and continue using the
framework until after the completion of the project. It was not fea-
sible to implement the MOCHA framework on a real project for the
evaluation because this would require all collaborating parties to
agree to continuous data collection for up to two years, in addition
to providing researchers full access to the processes of the case
study organization and the power to interfere with the implemen-
tation of the changes. Implementing the framework for a small-
scale change on a short pilot project would also be inappropriate
because the partial implementation of the framework would not
evaluate the full potential of the framework, which addresses all
collaboration and change processes in detail throughout the life
cycle of a project. The infeasibility of a real case study evaluation
and the limitations of small-scale implementation to evaluate the
framework called for an alternative validation method.

The evaluation was conducted by consulting the experts in con-
struction companies who are in charge of leading the type of
organizational changes that MOCHA framework is meant to man-
age. Based on their previous experiences, these experts were all
capable of assessing the potential effectiveness of the framework.
It was decided to triangulate the qualitative and quantitative ap-
proaches and to obtain evaluation data through a mix of different
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Table 4. Node Index for MOCHA Framework

data collection methods. Discussions, questions and answers, and a

questionnaire were utilized during meetings arranged with eight
construction organizations to evaluate the MOCHA framework.

These eight organizations consisted of two contracting companies,
two architecture companies, three consultancy companies, and one
real estate (design management) trust organization collaborating
with one of the consultancy companies. Six of these organizations
had also participated in the earlier part of this research, which iden-
tified the enablers of the key success factors and the barriers to the
implementation of collaboration environments. These findings had
informed the MOCHA framework; hence, it was intended to use
the same organizations to determine the extent to which the MO-
CHA framework managed to address the concerns discussed in the
previous stage of the research. A total of 13 construction profes-
sionals participated in the evaluation. They were chosen from se-
nior level managers who had been involved in the implementation
of the collaboration environments, actively participated in the col-
laboration environments, experienced the difficulties and barriers,
and made decisions to overcome these barriers.

Hour-long evaluation sessions were arranged with each com-
pany. The evaluation process conducted with each company is
shown in Fig. 11. The evaluators were presented a brief summary
of the research and examined the IDEF0 diagrams of the MOCHA
framework, explaining all processes and subprocesses. This was
followed by an informal discussion session and questions and

Diagram
reference Description and activities included
MOCHA/AO  Manage organizational changes attributable to
implementation of a collaboration environment
MOCHA/A1 Initiate organizational change management
All  Build change implementation team
Al12  Communicate initial change
Al13  Capture user and organizational requirements
MOCHA/A2  Develop change vision
A21  Define the need for organizational change
A22  Define change vision
A23  Communicate change vision
MOCHA/A3  Plan organizational change management
A31 Define current ICT tools and needs
A32  Identify required organizational changes
A33  Plan organizational change
MOCHA/A4  Implement organizational change
A41 Pilot and refine change
A42  Conduct training
A43  Implement change
MOCHA/AS5  Evaluate organizational change
A51 Obtain short-term results on collaboration
A52  Implement altered collaboration solution
A53  Alter change management procedures
A54  Evaluate long term results
AS55 it the change into organization culture
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answers with the evaluators. These sessions provided qualitative
data on the framework. When the discussion was over, the evalua-
tors were provided with a questionnaire that consisted of closed and
open-ended questions. This questionnaire allowed the collection
of qualitative and quantitative data. The questionnaire consisted
of three sections:

1. Background information section, which requested information
about the evaluator’s name, job title/position, experience in the
construction industry in terms of years, company name and
address, and e-mail or contact number;

2. MOCHA framework section, which consisted of 11 closed
questions that assessed the effectiveness of the organizational
level processes in managing the organizational changes
resulting from the implementation of collaboration environ-
ments; and

3. MOCHA framework general comments section, which con-
sisted of four open-ended questions asking about the benefits
of the MOCHA framework, barriers to its implementation, po-
tential improvements that can be made to the framework, and
further comments of the evaluators.

Responses to the questionnaire were further discussed with the
respondents to determine a richer picture through qualitative data.
Using a triangulation of quantitative and qualitative research meth-
ods during the evaluation allowed researcher bias to be avoided
through the use of quantitative data collection while obtaining
a deeper understanding of the concepts through qualitative data

collection.
o Quantitative
BRIEF PRESENTATION COMPLETION OF

SUMMARY OF —» OF MOCHA  —» DISCUSSIONS —» EVALUATION
RESEARCH MODEL QUESTIONNAIRE

' ! {

’ QUESTIONS AND ANSWERS
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b

Fig. 11. Evaluation process in the meetings

Table 5. Evaluation Responses to MOCHA Framework

Evaluation Results and Discussions

The quantitative analysis results obtained from the closed questions
in the questionnaire are shown in Table 5, which presents the re-
sponses in terms of the percentage of evaluators with regard to the
assessment scale. The assessment scale used in the questionnaire
was based on a Likert scale and ranged from 1 to 5, which repre-
sented a range from poor to excellent. The average ratings obtained
for each question are also shown in Table 5.

The usefulness of the framework was rated as 4.1 in the ques-
tionnaire. The results in Table 5 show that the mean ratings were
higher than 3.5 for 9 out of 11 questions in this section, which
means that the mean rating for 85% of the questions was higher
than 3.5. The remaining two questions that had the lowest mean
ratings in the questionnaire were related to the extent of high-level
user involvement that can be ensured in construction projects and
the extent of the usefulness of MOCHA in managing employee
resistance. Although these questions received lower ratings than
the other responses (3.2 and 3.1, respectively), both ratings are
above the satisfactory level. However, this response calls for further
research on transformational dynamics at the user level and further
detailing of the framework considering these dynamics at the
user level.

The open-ended questions in the questionnaire and the discus-
sions after the presentation of the framework allowed further under-
standing of the responses given to the closed questions presented in
Table 5. For example, one of the evaluators rated the questions sig-
nificantly lower than the other evaluators. This evaluator worked as
a design manager in the research and development (RD) depart-
ment of a contracting company. In most questions, there were con-
tradictions with this evaluator’s colleague from the same company.
Some questions were marked as 1 or 2 by this evaluator, whereas
another evaluator rated the same issues as 4 or 5. The reason for this
difference between two evaluators from the company became clear
in the analysis of the qualitative data. This evaluator was of the
view that no methodology or framework could be a solution to the
change management or collaboration process in the construction
industry. According to the evaluator, each methodology introduced
to manage the change would also be considered “a new set of
tasks,” and hence, “a change itself.” This evaluator thought that
employees would resist this new set of tasks and would not con-
tribute to the change management process. Stating that their

Rating (%)

Number Evaluation questions 1: Poor 2: Fair 3: Satisfactory 4: Good 5: Excellent Mean rate

1 How useful do you consider the overall framework? — — 15 62 23 4.1

2 How easy is it to follow the IDEFO process models in MOCHA? — — 46 38 15 3.7

3 To what extent can MOCHA improve the benefits obtained from the — — 8 92 — 39
collaboration tools and technologies?

4 To what extent do you believe that building a CCMT is helpful in — — 23 46 31 4.1
managing organizational change?

5 To what extent can MOCHA ensure top level commitment to 8 — 31 54 8 3.5
organizational changes?

6 To what extent can a high level of user involvement in MOCHA be — 15 54 31 — 3.2
ensured in construction projects?

7 How useful is MOCHA in managing employee resistance to change? 8 — 69 23 — 3.1

8 How well does MOCHA encourage increased user involvement in — — 31 62 8 3.8
change management?

9 How well can MOCHA capture employee requirements and wishes? — 8 38 46 8 3.5

10 How convinced are you that MOCHA should be used at the — 8 23 46 23 39
organizational level for change management?

11 How would you rate the usefulness of MOCHA in managing — 8 31 54 8 3.6
organizational changes?
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company had already tried to implement different collaboration
technologies and methodologies in different ways and that they
were not accepted by the employees, regardless of the methodology
in use, the evaluator suggested that the MOCHA framework would
not be perceived any differently. On the other hand, the second
evaluator was of the view that the collaboration environments
and procedures that the company had tried to implement in the past
were not accepted only because they were imposed on the employ-
ees with no user involvement during the planning process. This
evaluator thought that if the previous changes were introduced
following a methodology similar to MOCHA processes, they
would have been accepted without any problems.

The evaluators were further asked about what they particularly
liked about the framework and what they considered to be its pri-
mary benefits. All evaluators agreed that the primary benefit of the
framework was that it provided organizations with a smooth logical
process to follow for organizational changes conducted during the
implementation of collaboration environments. It was perceived as
a well-considered system by all organizations, which would guide
the collaborating parties to conducted organizational changes re-
sulting from the implementation of the collaboration environments.
They were also of the view that this framework may also be used to
guide the implementation of other types of organizational changes,
if carefully tailored.

The evaluations also allowed the identification of some barriers
to the implementation of the MOCHA framework in construction
organizations. One of the evaluators suggested that construction
organizations may think that they are following these processes,
even if they are not. One evaluator suggested that some construc-
tion professionals may think that adopting this methodology will
be enough for success, and may actually underestimate the actual
contribution required from people to make the collaboration work.
Another barrier was related to the pilot implementation. Two
evaluators suggested that some organizations may consider the
pilot implementation too costly. One evaluator, as explained previ-
ously, thought that the framework itself might be considered as a
change. Although the number of evaluators suggesting each barrier
is limited to one or two among the 13 evaluators, it is still worth
considering these barriers before implementing the framework in
an organization and taking necessary actions to tackle them.

Using a triangulation of quantitative and qualitative research
methods during the evaluation helped the researcher in many
ways. Conducting a quantitative data collection, researcher bias
was avoided, which can be more difficult to avoid in qualitative
data collection. By using qualitative data collection, the researcher
had a chance to better understand the quantitative data and to ex-
amine other dimensions that might not have been captured in the
questionnaire. The evaluators cannot be expected to provide purely
objective data during the qualitative or quantitative data collection.
This is not a weakness of the research methodology; on the con-
trary, the subjective data obtained from the evaluators increased the
richness of the data, allowed the capabilities of the MOCHA frame-
work to be understood for achieving its aim, and provided guidance
for further research. The overall analysis of qualitative and quanti-
tative data obtained through the evaluation meetings indicates
that the MOCHA framework was found to be successful by the
evaluators.

Summary and Conclusions

This paper presented a study on organizational change management
in construction organizations as a result of the implementation
of collaboration environments. Related theoretical concepts and
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previous work on organizational change management have been
reviewed, and the need for an organizational change management
approach, to achieve the full benefits expected from the implemen-
tation of collaboration environments, has been justified by theoreti-
cal concepts in organizational change management and by previous
work on construction collaboration environments. The MOCHA
framework presented in this research addressed this need and pro-
vided a logical process, which was developed by using the IDEF0
modeling approach. The MOCHA framework guides construction
organizations in managing and implementing these organizational
changes with an aim to improve the efficiency and effectiveness of
the collaboration environments. The framework was evaluated by

a sample of construction professionals and was accepted as an ef-

fective guide for adopting the process in each organization and

managing organizational changes required for the collaboration
environment. Conclusions drawn from the research are listed in
the following.

* The success of collaboration environments not only depends on
the collaboration environment introduced to the organization,
but is also related to how it is introduced. Therefore, the change
management required for implementation should be considered
carefully.

* The MOCHA framework provides a methodology guided by
organizational change management principles to manage how
collaboration environments are introduced into the organization.

* The collaboration change management team introduced by the
MOCHA framework has the potential to manage the resistance
of employees to change by enhancing user involvement, captur-
ing the user requirements effectively, and communicating the
change, therefore creating a sense of ownership of the change
among the employees.

This research presented the MOCHA framework, which focused
on change management at the organizational level. Further research
will be conducted at the user level to better understand the trans-
formational dynamics users experience during the implementation
of a collaboration environment.

References

Allen, R., Becerik, B., Pollalis, S., and Schwegler, B. (2005). “Promise
and barriers to technology enabled and open project team collabora-
tion.” J. Prof. Issues Eng. Educ. Pract., 10.1061/(ASCE)1052-3928
(2005)131:4(301), 301-311.

Alshawi, M., and Ingirige, B. (2003). “Web-enabled project management:
An emerging paradigm in construction.” Autom. Constr., 12(4),
349-364.

Babbie, E. (1995). The practice of social research, Tth Ed., Wadsworth
Publishing, Belmont, CA.

Balogun, J., and Hope Hailey, V. (2004). Exploring strategic change,
2nd Ed., FT Prentice Hall, Hemel Hempstead, U.K.

Burnes, B. (1996). “No such thing as...a “one best way” to manage
organizational change.” Manage. Decis., 34(10), 11-18.

Burns, T., and Stalker, G. M. (1961). The management of innovation,
Tavistock, London.

Cao, G., Clarke, S., and Lehaney, B. (2000). “A systemic view of organi-
zational change and TQM.” TOM Mag., 12(3), 186-193.

Chandler, A. D. (1962). Strategy and structure: Chapters in the history of
the industrial enterprise, MIT Press, London.

Child, J. (1973). “Parkinson’s progress: Accounting for the number of
specialists in organizations.” Admin. Sci. Q., 18(3), 328-348.

Clarke, A. (1999). Evaluation research, Sage, London.

Cummings, T. G., and Worley, C. G. (2005). Organization development
and change, 8th Ed., South Western, Mason, OH.

Donaldson, L. (2001). The contingency theory of organizations, Sage,
Thousand Oaks, CA.

J. Manage. Eng.

J. Manage. Eng., 2014, 30(3): 04014002


http://dx.doi.org/10.1061/(ASCE)1052-3928(2005)131:4(301)
http://dx.doi.org/10.1061/(ASCE)1052-3928(2005)131:4(301)
http://dx.doi.org/10.1061/(ASCE)1052-3928(2005)131:4(301)
http://dx.doi.org/10.1016/S0926-5805(03)00003-7
http://dx.doi.org/10.1016/S0926-5805(03)00003-7
http://dx.doi.org/10.1108/00251749610150649
http://dx.doi.org/10.1108/09544780010320241
http://dx.doi.org/10.2307/2391667

Downloaded from ascelibrary.org by Abu Dhabi University on 05/13/25. Copyright ASCE. For personal use only; all rights reserved.

Dossick, C., and Neff, G. (2010). “Organizational divisions in BIM-
enabled commercial construction.” J. Constr. Eng. Manage., 10.1061/
(ASCE)CO0.1943-7862.0000109, 459-467.

Erdogan, B., Anumba, C. J., Bouchlaghem, D., and Nielsen, Y. (2008).
“Collaboration environments for construction: Implementation case
studies.” J. Manage. Eng., 10.1061/(ASCE)0742-597X(2008)24:4
(234), 234-244.

Felkins, P. K., Chakiris, B. J., and Chakiris, K. N. (1993). Change man-
agement: A model for effective organizational performance, Quality
Resources, White Plains, NY.

Jick, T. D., and Peiperl, M. A. (2003). Managing change: Cases and
concepts, McGraw Hill, Boston.

Kotter, J. P., and Cohen, D. S. (2002). The heart of change: Real life stories
of how people change their organizations, Harvard Business School
Press, Boston.

Lewin, K. (1952). “Group decision and social change.” Social psychology,
G. E. Swanson, T. M. Newcomb, E. L. Hartley, eds., Holt, Rinehart &
‘Winston, New York.

Love, P. E. D., Holt, G. D., Shen, L. Y., Li, H., and Irani, Z. (2002). “Using
systems dynamics to better understand change and rework in con-
struction project management systems.” Int. J. Proj. Manage., 20(8),
425-436.

Nikas, A., Poulymenakou, A., and Kriaris, P. (2007). “Investigating ante-
cedents and drivers affecting the adoption of collaboration technologies
in the construction industry.” Autom. Constr., 16(5), 632-641.

Patel, H., Pettitt, M., and Wilson, J. R. (2012). “Factors of collaborative
working: A framework for a collaboration model.” Appl. Ergonomics,
43(1), 1-26.

Paton, R. A., and McCalman, J. (2000). Change management: A guide to
effective implementation, Sage, London.

© ASCE

04014002-14

Robey, D., and Sales, C. A. (1994). Designing organizations, McGraw Hill,
Irwin, IL.

Roethlisberger, F. J., and Dickson, W. J. (1939). Management and the
worker, Harvard University Press, Cambridge, MA.

Senge, P. M. (1992). The fifth discipline: The art and practice of the learn-
ing organization, Century Business, London.

Senior, B., and Fleming, J. (2006). Organizational change, 3rd Ed.,
Prentice Hall, Harlow, England.

Shelbourn, M. A., Bouchlaghem, N. M., Anumba, C. J., and Carrillo, P.
(2007). “Planning and implementation of effective collaboration in
construction projects.” Constr. Innov. J., 7(4), 357-377.

Smither, R. D., Houston, J. M., and Mclntire, S. D. (1996). Organization
development: Strategies for changing environments, HarperCollins
College Publishers, New York.

Sterman, J. D. (2000). Business dynamics: Systems thinking and modeling
for a complex world, McGraw-Hill, Boston.

Tichy, N. M. (1983). Managing strategic change, Wiley, New York.

Vadhavkar, S. (2001). “Team interaction space effectiveness for globally
dispersed teams: Theory and case studies.” Ph.D. thesis, Dept. of Civil
and Environmental Engineering, Massachusetts Institute of Technology,
Boston.

Voropajev, V. (1998). “Change management—A key integrative func-
tion of PM in transition economies.” Int. J. Proj. Manage., 16(1),
15-19.

Warner Burke, W. (1994). Organization development: A normative view,
2nd Ed., Addison-Wesley, Reading, MA.

Wilkinson, P. (2005). Construction collaboration technologies: The
extranet evolution, Taylor & Francis, Oxon, U.K.

Wilson, D. C., and Rosenfeld, R. H. (1990). Managing organizations: Text,
readings and cases, McGraw-Hill, London.

J. Manage. Eng.

J. Manage. Eng., 2014, 30(3): 04014002


http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000109
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000109
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000109
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000109
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000109
http://dx.doi.org/10.1061/(ASCE)0742-597X(2008)24:4(234)
http://dx.doi.org/10.1061/(ASCE)0742-597X(2008)24:4(234)
http://dx.doi.org/10.1061/(ASCE)0742-597X(2008)24:4(234)
http://dx.doi.org/10.1016/S0263-7863(01)00039-4
http://dx.doi.org/10.1016/S0263-7863(01)00039-4
http://dx.doi.org/10.1016/j.autcon.2006.10.003
http://dx.doi.org/10.1016/j.apergo.2011.04.009
http://dx.doi.org/10.1016/j.apergo.2011.04.009
http://dx.doi.org/10.1108/14714170710780101
http://dx.doi.org/10.1016/S0263-7863(97)00010-0
http://dx.doi.org/10.1016/S0263-7863(97)00010-0

