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Using an AHP to Facilitate the Supplier Selection Process in

Public Organizations in Abu Dhabi

Abstract

This study examines the issue of supplier selection using the analytic hierarchy process (AHP) method. The main objective of this study is to identify the best procurement criteria, addressing both critical and non-critical buying situations in government organizations in the UAE. The proposal includes a thorough review of the literature on current best practices that address the challenges faced by procurement professionals in public organizations in the supplier selection process. 
The study will propose a new practical model for supplier selection, based on the MCDM model and the AHP method. The proposed model will include the interests of new stakeholders in selection processes and is customized for public organizations working in the UAE business environment. In power and water applications, the final decision depends on the evaluation of a set of alternatives based on a number of decision criteria. This can be a difficult task, but the AHP appears to provide an effective way of properly quantifying the appropriate data. 
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Chapter I: Introduction to the Dissertation
1.1 Introduction 

The costs of raw materials and components account for the main costs of products in most industries. Consequently, decisions regarding purchasing management play a key role in reducing the total cost of the product. In the modern competitive business environment, effective supplier selection is crucial to the success of any organization (Liu & Hai, 2005). The selection of a suitable supplier is always difficult, because of the various strengths and weaknesses that require careful scrutiny by the purchasers. The process of vendor selection would be straightforward if purchasers used one criterion only in their decision-making process. However, purchasers have to make their decisions based on a multiplicity of criteria. Consequently, it becomes essential that they determine the extent to which each criterion influences the decision-making process, and whether a criterion should be weighted differently according to its influence (Tahriri et al., 2008). 

In the public sector, effective supplier selection accounts for the huge variety of finished products needed, fluctuations in the prices of raw materials, the number and size of projects, and the number and variety of suppliers that seek tenders with the public organizations (Tahriri et al., 2008). Two types of supplier selection exist in both private and public organizations: single sourcing and multiple sourcing. In single sourcing, one supplier satisfies all the buyer’s requirements, requiring a single decision. In multiple sourcing, which is more common, the buyer has to select more than one supplier because a single supplier cannot satisfy all the buyer’s requirements. In this case, the buyer has to determine how much to allocate to each of the suppliers (Deshmukh & Vasudevan, 2014). Effective supply chain management in public organizations requires that firms select the best set of suppliers and the quantity to be allocated to each of them in order to create a constant and competitive environment (Deshmukh et al., 2014). With changing environmental requirements, operations in public organizations need to focus on developing effective environmental management (EM) strategies that support their supply chain management. 
In most cases, public organizations depend on multiple sourcing, which requires multi-criteria decision-making (MCDM). The supplier selection problem entails deciding which of a group of criteria to apply. In MCDM, several conflicting factors affect the problem, resulting in a trade-off between several criteria. MCDM techniques support a decision-maker (DM) in evaluating a set of alternatives. The selected criteria have varying importance, depending on the purchasing situation (Tahriri et al., 2008). 
Broadly, Xu, & Yang (2001) classified MCDM methods into two categories: compensatory and non-compensatory methods. Compensatory MCDM methods allow for a trade-off between attributes. Consequently, a slight decline in one attribute is allowed if an enhancement in another attribute compensates for the decline. These methods are grouped into four subcategories. 

Compromising methods: The compromising compensatory methods.

Scoring methods: The scoring compensatory methods evaluate or select options based on their scores or utility. The terms ‘score’ and ‘utility’ refer to the preferences of the decision-maker. Essentially, the scoring MCDM methods transform attributes into a common preference scale to allow for a comparison among attributes. The simple additive weighting method is one of the most popular scoring methods. The method involves calculating the overall score of options, as the weighted sum of the attribute utilities. The analytic hierarchy process (AHP) is another popular scoring method, and calculates scores based on pairwise comparisons (Xu & Yang, 2001). 

The option that is closest to the ideal solution is selected. For instance, the technique for order preference by similarity to ideal solution (TOPSIS) is based on the normalization of the decision matrix for the calculation of the weighted distances of the options from a nadir solution and ideal solution. Subsequently, it evaluates a solution as relatively close to the ideal solution, but far from the nadir solution (Opricovic & Tzeng, 2004).
Concordance methods: The concordance methods generate preference rankings that satisfy specific concordance measures (e.g. the linear assignment method) (Yoon & Hwang, 1981).
Evidential reasoning (ER) approach: The ER approach is the most recent of the compensatory MCDM approaches, with many differences from the other methods (Yang, 2001). The ER approach uses an extended decision matrix, in which each attribute is described by a distributed assessment through a belief structure. 

Non-compensatory approaches do not allow for a trade-off between attributes. Consequently, no favourable value in any attribute can offset an unfavourable value in another attribute. Non-compensatory MCDM methods include the dominance method, maxmin method, maxmax method, conjunctive constraint method, and disjunctive constraint method. The dominance method eliminates the dominated options. The maxmin method identifies the weakest attribute value (min) for each option, and then selects the option with the best (max) weakest attribute value. The method is applicable when attribute values are comparable. The maxmax method selects the option with the best attribute values. Again, the method is applicable when the attributes are comparable. The conjunctive constraint method simplifies the evaluation or selection of options against a set standard. The obtained solutions are considered satisfactory if the standard reflects the expectations of the DM. The disjunctive constraint method evaluates an option based on its best attributes, regardless of the other attributes. 
The MCDM approach includes various decision-making methods, such as the analytic hierarchy process, multi-attribute utility theory, case-based reasoning, goal programming, simple multi-attribute rating technique, PROMOTHEE, ELECTRE, simple additive weighting, and data envelopment analysis, among others (Valasquez & Hester, 2013). MCDM methods involve three numerical analyses: determining the relevant criteria and options; attaching numerical measures to the relative importance of the criteria and to the impact of each option on the criteria; and processing the numerical values to rank the options (Triantaphyllou et al., 1998).

Although the problems solved using the MCDM approach may have contextual differences, they all portray several common features. 
1. The multiple criteria or attributes form a hierarchy. Essentially, an attribute entails a property, feature, or quality of the options in question. Some of the attributes may be broken down to lower-level attributes, or sub-attributes. In some cases, the options are referred to as criteria because of the correspondence between the criteria and attributes. 
2. Conflict among criteria: In most cases, multiple criteria conflict with one another. 
3. Hybrid in nature: First, MCDM involves incommensurable units. In this case, an attribute could have different units of measurement. In most decision problems, attributes have non-quantitative features, such as safety measures. Secondly, MCDM methods involve a mixture of quantitative and qualitative attributes. Essentially, this means that some attributes can be described subjectively, while others can be measured numerically. Lastly, the hybrid nature of the MCDM methods involves a mixture of probabilistic or deterministic attributes. 
4. Uncertainty: Firstly, the problems solved using MCDM methods portray uncertainty in their subjective judgements, because people cannot be 100% sure of these judgements. Secondly, the methods include uncertainty because of incomplete or a lack of information.
5. Large scale: problems solved using MCDM methods in real life can have hundreds of attributes. For instance, the business excellence model in the European Foundation for Quality Management has three levels of criteria, where level 1 has nine attributes, level 2 has 32, and level 3 has 174 attributes. Similarly, the supplier assessment model for most international companies has 10 level 1 criteria and over 900 sub-criteria. 
6. Lack of conclusiveness in assessment: The lack of or incomplete nature of information about problems, conflicts among criteria, different preferences in decision-making, and uncertainties in subjective judgements lead to inconclusiveness in the final assessment.
MCDM problems may not always have unique or conclusive solutions. Consequently, different names are often given to the solutions used, depending on the nature of the solution (Yoon & Hwang¸ 1981). 
Ideal solution: The criteria in MCDM problems are categorized into profit criteria (criteria that can be maximized) and cost criteria (criteria that can be minimized). An ideal solution aims at maximizing the profit criteria, while minimizing the cost criteria, but such a solution is not obtainable in real-life MCDM problems (Xu & Yang, 2001). 

Non-dominated solutions: Decision-makers use non-dominated solutions when the ideal solution is not achievable. An option is dominated when other options are better than the solution in terms of at least one attribute and as good in terms of other attributes. Conversely, a solution is considered non-dominated when it is not dominated by other options. 
Satisfying solutions: Satisfying solutions refer to a reduced subset of applicable solutions, in which the criteria exceed all the expected criteria. However, a satisfying solution may not be a non-dominated solution. Consequently, the definition of a solution as satisfying depends on the expectations of the decision-maker. 

Preferred solution: Preferred solutions refer to non-dominated solutions that best satisfy the expectations of the decision-maker. 

The AHP has become an indispensable approach in the MCDM process. The approach has found widespread application in solving decision-making problems that involve multiple criteria in different decision-making systems and levels (Liu & Hai, 2005). The method is able to structure complicated, multi-person, multi-period, and multi-attribute problems hierarchically (Yusuff et al., 2001). The AHP approach is useful because it ensures that several decision-makers with conflicting objectives engage in order to arrive at a consensus (Tam & Tummala, 2001). The AHP model helps in resolving problems requiring the selection of an optimal supplier combination (Tahriri et al., 2008).

Procurement is one of the most essential functions of government organizations today (Dragos & Neamtu, 2013). Here, suppliers refer to organizations and people that provide products and services needed by another organization in the production of goods and services. This may include general supplies of services, materials, and capital items. In fact, most of what government organizations do today is to channel national funds/budgets into building transportation, telecommunication, and infrastructure. Governments in developing countries also channel large portions of their annual budgets, estimated to be 9–13% of the gross domestic product (GDP, 2013). In doing so, it is vital that a government put in place supplier selection strategies and working models in order to spend their budgets efficiently and create a stable economy (Nakabayashi, 2009). Supplier selection has proved to be difficult task in most organizations in Abu Dhabi. It involves a number of processes in order to come up with the most effective and reliable supplier. Therefore, suppliers need to be carefully evaluated and analysed in order to best meet an organization’s objectives. 
Being a developing country, procurement plays a major role in the economic prosperity and national security of the United Arab Emirates (UAE). Procurement in the UAE is essential in government sectors such as utilities, municipalities, and road construction authorities. These government organizations channel huge amounts of money into infrastructure and development projects (Ellinor, 2007a). The UAE economy depends heavily on such infrastructure and service projects as the government aspires to facilitate business and increase its income from non-oil economic activities (Isaac, 2013). 

Owing to the importance of procurement, suppliers play a critical role in public organizations. In addition, suppliers play a major role in building or destroying the competitive advantage of organizations that have to function in today’s highly globalized and competitive business environment (Sarder et al., 2014). Therefore, there is a great need for a working supplier selection model that accounts for stakeholders’ interests and their impact on meeting organizational objectives in different purchasing situations. Over the last several decades, many evaluation and selection methods for suppliers have been devised, including the AHP (Sharma, & Batra, 2016). This study examines supplier selection based on the AHP method, which helps in deciding the relative significance of an arrangement of exercises in a multi-criteria choice issue. The method makes it possible to judge qualitative criteria based on tangible quantitative criteria. The technique is based on three standards: the model structure; the similar judgement of choices; and the synthesis of criteria and priorities (Sharma & Batra, 2016). The AHP method is popular in MCDM situations requiring supplier selection and evaluation, either in isolation or together with other tools (Bruno et al., 2016). Supplier selection is an essential stage/process in supply chain management and the functioning of organizations. It is a process in which firms identify the critical advantages of assets and contracts with suppliers. 

As a result, six important steps have been identified in the supplier selection process (Beil, 2009). However, Beil emphasizes that supplier qualification processes are costly and can be time consuming. Therefore, the demand for supplier selection is high, with suppliers having a major impact on organizational success, from three main angles: quality, cost, and the delivery time of products/services (Heizer & Render, 2006; Ching-Chow & Bai-Sheng, 2006). Thus, the purpose of a supplier selection process is to minimize the purchase risk and maximize the overall value to the purchaser in order to achieve high quality just-in-time production (Tahriri et al., 2008). Therefore, the trade-off between the selection criteria must be considered by the purchasing manager. 

Identifying the critical and non-critical items is essential in the purchasing process of the power and water sectors for greater productivity and optimization. Differentiating between these items enhances the analysis of the criteria required when selecting critical items in a complex matrix with high demand (Masi et al., 2013). The other buying situation is that of a non-critical purchasing situation. The non-critical purchasing of goods or services is characterized by low demand (Masi et al., 2013). There is a limited amount of research on applying the AHP method to selecting critical/non-critical items, especially in the UAE region. Thus, this study attempts to address this gap in the literature. 
1.2 Significance of the study
Kraljic (1983) presents an extensive portfolio approach for supply managers. Kraljic's methodology focuses on a framework that orders acquired items and administrations on the premise of two measurements: how essential an item is and the complexity of the supply market. Olsen & Ellram (1997) group classes using two measurements, as in Kraljic's measurements. Their measurements incorporate the complexity of the product and the significance of the procurer. This study distinguishes between critical and non-critical purchasing. Here, critical situations are those with a ‘high level of buying management difficulty’ (Masi et al., 2013; Luzzini et al., 2012; Gelderman et al., 2002). 

Critical products and services are those that can dramatically impact the cost, delivery time, and quality of a project (Bruno et al., 2016). In critical purchasing, the complexity of buying management implies a high number of selection criteria in the supplier selection model. Some of these criteria are difficult to measure or quantify. Thus, the selection model must be sophisticated enough to be able to capture complex quantitative data and incorporate qualitative information. Therefore, in critical purchasing situations, the importance of the purchased material/services to the project means that the supplier selection model can impact the overall success of the project (Zhang et al., 2003). 

The other buying situation is one of non-critical purchasing. According to Masi et al. (2013), Luzzini et al. (2012), and Gelderman et al. (2002), non-critical purchasing is characterized by low purchase management difficulty. Non-critical items do not have a large impact on a project’s baseline (e.g. standard consumables bought in small quantities) and are provided by many suppliers. Supplier selection in such situations depends primarily on qualitative selection factors, in addition to the buyers’ sensitivity to individual selection factors. Given that these items are standard in terms of specification/price, are available from many suppliers, and exhibit low or no price variability behaviour, relevant selection models focus primarily on reducing purchasing effort and administrative costs. 

Being an oil producing country, procurement plays a major role in UAE economic prosperity and national security. The UAE OPEC-assigned quota is hovering around 2.4 barrels per day. The country’s ability to produce, market, and ship such massive amounts of oil every day, 364 days a year, depends significantly on the maturity of procurement practices and the country’s ability to secure commercially viable contracts with buyers worldwide in order to maximize the long-term return on oil exports. In addition, huge government expenditures are directed toward military development and expansion. According to the Business Monitor International report, the UAE has historically been spending around 15% of its GDP on its own military budget. This amounted to a staggering AED 91.9 billion in 2013. Most of this budget is directed towards procuring advanced weaponry systems, fighter jets, and navy ships (United Arab Emirates Defense and Security Report, 2013).

The UAE’s ability to prosper economically and defend its borders relies heavily on government procurement practices and the ability of government entities to meet their own vision and objectives. Procurement in the UAE is also essential in other government sectors, such as utilities, municipalities, energy, and construction authorities, because these channel huge amounts of money into infrastructure and development projects.

Growing competition in the market has recently made the life of decision-makers more complicated. Considering the two aspects of criticality and the MCDM process selection criteria, this is an important method that can be used to develop the best scenario. Selecting products in the power and water sectors is especially important in the UAE, where the demand for power and water is high. According to an annual statistical report by the UAE Ministry of Energy, the increasing demand for energy and water is a defining feature of UAE energy. 
This study identifies the best procurement criteria for use by government organizations in the UAE, particularly in the case of pre-qualifying suppliers to the power and water sector in Abu Dhabi, which utilizes essential assets categorized as critical and non-critical materials. The water, wastewater, and power sectors in the emirate of Abu Dhabi comprise specific organizations responsible for the diverse phases of procuring water and power for customers. 

1.3  Research objective
· To identify criteria for the selection of suppliers of critical and non-critical materials to Abu Dhabi 

· To develop a framework of supplier selection applicable to public organizations in Abu Dhabi 

· To develop an MCDM model for supplier selection in Abu Dhabi 

· To implement the proposed model in the public organizations of Abu Dhabi
The research question for this study is as follows: What supplier selection criteria should public organizations in the UAE use, considering stakeholders’ interests and the impact of supplier selection? 
The remainder of this paper is organized as follows. The second chapter provides a survey of the relevant literature related to supplier selection, public procurement, and the methods used in supplier selection. The third chapter discusses the chosen MCDM model, namely the AHP model, in detail and discusses the methods used to develop and evaluate the proposed model for public procurement in the UAE. The fourth chapter presents the results of the study. The fifth chapter provides an analysis of the results, and the final chapter concludes the paper.
1.4  Contribution to Knowledge
Owing to the importance of procurement and supplier selection in public organizations when selecting materials, this study uses the technique proposed by Kraljic (1983). The technique employs a 2 × 2 matrix, structured using four categories (bottleneck, non-critical, critical, and strategic) based on profit impact and supply. The technique is applied to the power and water utilities by classifying their products based on the supply risk and potential profit impact of each. 

The supply risk is high when the products may be affected by a disaster or a difficult situation, such as delivery logistics, and, thus, the products require insurance. The profit impact is high when the products purchased have significant value, comprising a high proportion of the output. Accordingly, we set each product in the appropriate chapter of the product purchasing classification matrix.
This technique is adopted and adjusted to fit the nature of government utility services in the UAE by arranging workshops to explain the Kraljic approach to classifying products. Several experts believe such a matrix can be modified to fit the existing pre-qualification situation, which classifies items as being critical or non-critical. Therefore, a face-to-face meeting has been arranged in order to develop a matrix that can be applied to the pre-qualification of suppliers to the energy sector. The main criteria were used in the fourth dimension, the importance of which depends on the impact of stakeholders and the impact of selecting suppliers for existing services/products. 

 Accordingly, the technique is based in two dimensions: the degree of stakeholder interest and the impact of selecting suppliers of products. This results in a matrix of complexity, quality, cost, and sensitivity. This may result in an appropriate purchasing portfolio model for the water and electricity sectors in the UAE environment because it is integrated with an optimal supplier selection matrix. Building this portfolio, along with relevant criteria, will result in a valid model for the qualification process, based on the AHP method. The literature review chapter will discuss the optimal criteria for the purchasing of critical and non-critical items only, as per Kraljic, because they are widely used in the local utilities. Thus, the strategic and bottleneck categories are not considered here.

Chapter II: Literature Review 
2.1 Introduction

The global and regional business environments have compelled companies to focus on the management of supply chains to endure the increasing competition. For the success of any public organization, suppliers play a major role, both in the micro environment and in the macro environment. In the micro environment, there is a solid foundation of value relationships built between the suppliers and the public organization. For example, the values that the suppliers can offer depend heavily on the growth and the vision of the public organization. Joint action (the level at which organizations and suppliers work as a team in a realizing a common objective) is vital to the success of any public organization. In this collaboration, suppliers contribute significantly to increasing the organizations competitive advantage against its competitors. Moreover, efficiency and cost are greatly reduced. The process of supplier selection in the global and regional industries has gained significance owing to the substantial amount of revenue spent on purchases. Therefore, it is evident that more and more industries have realized the importance of supplier performance in enabling their competitive advantage in the industry. Recent findings with regard to procurement procedures emphasize the importance of supplier development programs. They also stress exploring how these programs affect the supplier’s and buyer’s performance (Proch et al., 2016). Supplier development, therefore, is the process of working cooperatively with suppliers to increase the growth and capacity of the organization. In addition, supplier development plays a critical role in not only developing required supplier channels, but also in the maintenance of technical aspects, quality, and reliability, and the reduction of costs (Siller, 2016). The main reasons why supplier development is a key element in determining an organization’s competitiveness is the continuous improvement in technology and the pressure applied by competing firms (Siller, 2016).
A major problem associated with supplier selection involves conflicting intangible and tangible criteria. According to Ware & Sigh (2014), supplier selection focuses on the choice or assortment of an appropriate supplier with the right commodities at the appropriate time in order to limit the total cost of procurement, while meeting qualitative and quantitative parameters. In this manner, it can be argued that an effective supplier selection process contributes significantly to the productivity of firms. Every business organization relies heavily on its suppliers. As such, suppliers play a key role in making a company cost-efficient and profitable (Thai, 2001). 
Accomplishing this goal requires that the correct orders be made at the appropriate time, at the appropriate place, in suitable quantities, and with the desired quality. Such an undertaking not only ensures the smooth execution of the production process, but also limits unnecessary delays in the manufacture and delivery of finished products. Singh (2010) adds that suppliers should be faithful and willing to adopt novel technologies to produce goods for the procuring firm so that the overall cost can be optimized further. Accordingly, it is worth searching for the best opportunities through a literature review. Therefore, the next chapter introduces the supplier selection criteria, followed by public procurements, and finally, the supplier selection method.
2.2 Supplier selection criteria 
In the modern global sourcing and highly competitive production environment, the supplier selection problem (SSP) has become a crucial factor for companies in both the private and public sectors. Purchasing management involves a strategic process that calls for rational and effective decision-making with regard to the selection of suppliers (Tahriri et al., 2008). Small reductions in costs achieved through suitable supplier selection can have a significant effect on customer satisfaction and profitability, which offer a company a competitive edge in the market (Felice et al., 2015). However, decision-makers face a multi-criteria problem comprising intangible (qualitative) and tangible (quantitative) factors. Many methods and solutions have emerged in the last decade to address the SSP. However, studies and experience show that no single method or solution can address the entire array of problems related to the evaluation and selection of suppliers.

Supplier selection is the process of finding suppliers with the capacity to give the purchaser the right quality items and/or administration, at the right cost, at the right amounts, and at the right time. The SSP plays a vital role in academic and industry experts’ day-to-day activities, with many researchers highlighting its importance (Banker et al., 1995; Dobler et al., 1990). Others have emphasized the importance of moving from a formal, regular approach to the SSP (Vonderembse et al., 1999; Weber et al., 1991). Supplier selection is the most significant process of the purchasing unit. This unit plays a substantial role in selecting the most efficient and effective supplier. Dickson (1966) identified 23 attributes for supplier selection, based on a survey of purchasing managers in North America. These included quality, performance, delivery, warranties, and technical capabilities. Patil (2014) identified 48 criteria after studying distinguished authors published between 1966 and 2012. 
There is an interdependence between suppliers and organizations, and strong business ties are nurtured by developing this relationship that creates a mutual benefit. When public organizations and suppliers are highly dependent on each other, the ties can be enhanced. Furthermore, organizations cannot offer quality services if their suppliers are not providing quality products and services (Oruezabala & Rico, 2012). Therefore, it is important that an organization maintains constant communication with its suppliers, because this helps to streamline routine issues such as the availability of products, order handling, uncertainty reduction, and delivery issues (Oruezabala & Rico, 2012). It also helps the organization to improve its operation and product development. However, underestimating a supplier leads to low levels of development or improvements in the public organization.
Various organizations are seeking long-term relationships with suppliers in a bid to improve production processes (Ho et al., 2011). In such situations, companies aim to achieve certain strategic business objectives at the expense of satisfying the interests of some stakeholders. Usually, if the quality is not considered in the purchasing process, the appraiser will depend on the price. The importance of supplier practitioners moving toward strategic thinking and proper design has been highlighted (Knight et al., 2005). In addition, Knight, Harland, Walker, & Sutton indicate that many industries in England, such as the NHS purchasing and supply agency, have developed capability structures for their procurement processes. Today, it is becoming increasingly important that organizations develop their own supplier selection methodologies tailored to their particular needs, industry, business environment, and other unique attributes.

Supplier selection is a crucial step that requires maximum attention to avoid errors that may have long-term effects (Monczka, 1993). As observed earlier, supplier selection can involve competitive bidding and negotiation methods. After bids on a request for proposals (RFP) arrive, the purchaser makes procurement decisions contingent upon the information provided by the suppliers. Bidding is considered the most effective strategy in public procurement when the price acts as the dominant criterion, with well-defined product specifications (Harland et al., 2005). On the other hand, negotiations are a sensible option when the purchase requirements portray high levels of complexity, with a multiplicity of factors to consider, or when the process faces external risks (Monczka, 1993). Proposals for selection follow the bidding or negotiation process. 

Supplier evaluation is one of the most critical components of the procurement process. According to Monczka (1993), the first step should focus on recognizing the requirements to evaluate, as well as selecting a supplier for the product or service. Many factors influence the recognition of the need to evaluate suppliers. The selection of a supplier should start with an appropriate delineation of the criteria the procurer will use. The second step in the selection process involves identifying the sourcing requirements. According to Telgen & Sitar (2001), these can be considered the program of requirements, in which the procurer should make a distinction between functional and technical specifications. In this case, functional specifications describe the gaps the product or service will fill in the organization. The technical specifications delineate the specifications of the gap and the product or service. The specifications include management capability, cost structure, employee capabilities, total quality performance, process capability, technological capability, systems and philosophy, environmental regulation compliance, production scheduling, financial stability, control systems, and the supplier’s sourcing strategies, policies, and techniques, as well as any potential for a long-term relationship (Monczka, 1993).

Weele (2010) considers specifications to be the documentation through which suppliers build products. Consequently, suppliers should minimize redundant statements to strengthen communication and reduce errors related to confusion. In this case, Clark et al. (1996) suggested four modes of communication that facilitate the effective presentation of specifications to maximize the level of communication. Procurers should understand the importance of individual criteria and the role they play to select suppliers. Furthermore, they should visualize the criticality and interrelationships of criteria used in the evaluation. Here, Aissaoui et al. (2007) observes that MCDM has become a crucial area of research because of its importance in vendor selection. 

According to Mandal & Deshmukh (1994), attitude and willingness are among crucial criteria that procurers should consider, but these are complex because they are not quantifiable. Fundamentally, the criteria apply less in public procurement because they are a sum of diverse variables, including financial position, production facilities, geographical location, labour relations, and capacity utilization among others. However, some studies suggest the use of qualitative analysis based on fuzzy set theory in measuring these attributes. Sarkar & Mohapatra (2006) adopted the fuzzy set theoretical to illustrate the ways to mitigate imprecision in the elicitation of expert opinion during supplier selection. The study observed that many factors, including trustworthiness and reputation evade quantification, leading to difficulties in their measurement. Additionally, time and monetary constraints tend to complicate the quantification and measurement of such attributes. 
The third stage in supplier selection and evaluation involves determining the sourcing strategy. Several studies have observed the lack of a one-size-fits-all sourcing strategy that meets procurers’ requirements (Monczka, 1993; Telgen & Siter, 2001). Consequently, the strategy used for a specific product or service influences the strategy used in the evaluation and selection process. Some of the decisions purchasers need to make in the development of a sourcing strategy include single versus multiple sources and short-term versus long-term contracts, among others. The development of the strategy involves a comprehensive acknowledgment of the differentiations in purchasing, which encompasses the supply market, the product market, the sector in which the buying organization operates, the buying situation, and the product or service being procured (Telgen & Sitter, 2001).

The fourth stage entails identifying potential supply sources. The extent to which a procurer must seek information and the effort incurred in the search is a function of a multiplicity of variables, including cost, quality, and performance variables. Some of the potentially important sources of information include the suppliers themselves or their sales representatives. 

The fifth step involves the pre-qualification of suppliers. This phase focuses on creating a pool of suppliers from those that have made bids. A procurer can acquire information from a multiplicity of suppliers, as well as information about the products, services, and supplying organization through a request for information (RFI) (Telgen & Siter, 2001). In many cases, procurers perform a first cut of potential suppliers because of limited resources and variability in the performance of suppliers. Then, a request for quotations (RFQ) and a list of requirements (LOR) are used in the submission of the offer. In practice, most organizations rely on quotations, which are sometimes referred to as tenders or bids. Boer et al. (2001) summarized the phase and concluded that sorting rather than ranking was more effective. They also defined pre-qualification as the process of reducing the number of suppliers to a small set of acceptable suppliers.

However, Sarkar and Mohapatra (2006) suggest that the pre-qualification of suppliers includes several elements similar to reducing the supplier base. They argue that a precondition in the development of a strong buyer–supplier relationship is to maintain a small pool of suppliers. In most cases, the pool of registered suppliers is extensive, but only a small proportion of these get the business frequently. Further, Sarkar and Mohapatra (2006) observe that much of the information about unknown suppliers collected through peer feedback, the Internet, and onsite visits lack quantitative elements for effective measurement. Consequently, the supplier has to use a qualitative assessment to evaluate such factors. 
The qualitative assessment used in the evaluation has become essential in public procurement. Public procurement is an important government activity because it produces 15% of the world’s GDP (Bergman & Lundberg, 2013). In countries such as the United States, public procurement is very strict, and the contracts are awarded to the most cost-effective qualified bidder. In the European Union, an optimal mix of price and quality is most used to choose a supplier. Waara & Bröchner (2006) noted that although in the past, most public sectors used the lowest bid as the only criterion, these sectors are slowly changing their regulations. Other factors that have been considered are environmental characteristics, functional characteristics, and technical merit. Using price and quality can improve the process of public procurement, but this unfortunately increases the complexity of the purchasing situation. There is very limited research on public procurement systems (Snider et al., 2008). 

Public, as opposed to private procurement has a stronger emphasis on rules and predictability. However, it is not easy to come up with a good scoring rule because, in the public sector, procurement involves a number of steps. These steps vary from identifying needs, to choosing supplier methods, to post-control mechanisms and methods (Bergman et al., 2013). 

Marufuzzaman & Ahsan (2009) presented a model for the supplier selection and evaluation process, demonstrating its validity using a case study on the apparel manufacturing industry, which has further added to its effectiveness in readers’ minds. The issue of supplier selection and the evaluation process has been treated efficiently. The article initially talked about the disadvantages of using a simpler selection process, and then explained a new AHP model, along with discussing its advantages over other models.

Previous research has been conducted with regard to the supplier selection process and the best scenario for adopting the best supplier of materials or services. Weber et al. (1991) studied 74 articles on supplier selection criteria. They concluded that supplier selection is a multi-decision problem, with different attributes prioritized according to the nature of the material. In addition, while price proves to be the most important factor in many organizations, many others, especially in the public sector, pay attention to factors such as quality, past performance, financial performance, work force, facilities, and cost. 
This prompted the adaptation of Kraljic’s measurements, which incorporate the complexity of the acquiring product and the significance of the procurer. A distinction is made by this study between critical and non-critical purchasing situations. However, there is a lack of existing research on adopting conflicts of interest as an attribute in the supplier selection. However, several studies explore the influence of stakeholders in contractual failure (Rose, 2004) and organization performance.

In setting the supplier selection criteria, buyers must understand the supplier selection process. The objectives of the supplier evaluation process are the reduction of risk and the maximization of value to the buyer. Consequently, an organization must select the suppliers it can conduct business with over a long time. The evaluation of suppliers follows a rigorous and structured approach that often involves a survey. According to Suárez-Bello (2003), an appropriate supplier survey should specify characteristics such as objectiveness, comprehensiveness, flexibility, and reliability, and should be mathematically straightforward. A stepwise process is recommended when creating a supplier survey, as shown in Figure 1.
Figure 1: Supplier selection and evaluation audit process
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The first step entails the identification of the chief supplier evaluation categories. According to Suárez-Bello (2003), the primary criteria for this stage include cost, quality, and delivery. In addition, the most common and imperative issues in the selection process include management issues, (commitment to quality), physical distribution items (timely and accurate delivery), pricing items, relationship items (reliability, cooperation, responsiveness, effective communication, trustworthiness, and professionalism), quality items (quality management and quality control), and service items (technical assistance and timely responses) (Suárez-Bello, 2003). Essentially, the items show that the supplier has the ability to add value to the buyer through revenue enhancement and cost savings. 

The second stage to evaluate the suppliers involves weighting the evaluation categories. Fundamentally, performance categories receive a weight that illustrates the relative importance of that category. Management should ensure flexibility in the evaluation process by assigning weights and adding performance categories, as needed. The third step involves identifying and weighting the subcategories, if they exist. The totals of the subcategory weights should equal the weight of the performance category. The fourth step involves defining the scoring system for both the categories and subcategories. According to Suárez-Bello (2003), the scoring metrics are effective when the individuals score and interpret the performance categories under evaluation in the same manner. The fourth step involves the direct evaluation of the suppliers. The buyer should compare the scores of individual suppliers objectively, based on the evaluation metrics. The sixth step is a review of the evaluation results and making a decision on the qualified suppliers. The fundamental output of the step is a recommendation of whether a supplier should be accepted. Lastly, the buyer should engage in a continuous evaluation of the supplier’s performance. The buyers shift their emphasis from the evaluation and selection of suppliers to the continuous improvement of the suppliers in terms of delivering on the requirements (Suárez-Bello, 2003).

Supplier selection has thus far been considered as one of the most crucial purchasing functions. Many purchasing practitioners, as well as scientists, have shown a significant degree of interest in the field of supplier selection and the measurement of suppliers’ performance. In the 1960s, researchers largely engaged in the development of performance criteria buyers could use to evaluate potential suppliers. For instance, Dickson (1996) conducted an in-depth study to determine, identify, and analyse criteria that firms could use to evaluate their suppliers. The study relied on 273 questionnaires distributed among purchasing managers and agents from a list of members of the National Association of Purchasing Managers from Canada and the United States. The study investigated 23 criteria from the respondents’ perspective, and found that most of them identified ‘quality’ as the most crucial aspect, followed by ‘timely delivery’ and then ‘performance history’. 

An earlier study by Tullous and Munson (1991) sampled 80 firms within the manufacturing industry in the search for the most crucial criteria. The study found that quality, technical service, price, reliability, delivery, and lead-time were the most crucial factors considered in supplier selection. Several other researchers have investigated the importance of additional criteria not investigated in earlier studies (Zhang et al., 2003). Based on the definitions provided by Dickson (1996), Bross & Zhao (2004) concluded that cost, service, quality, and relationships were the most important factors among the supplier selection criteria used. Felice et al. (2015) developed a tiered approach in the analysis of supplier selection criteria. Table 1 summarizes the tiers developed in the study.

Table 1: Tiered approach to the analysis of supplier selection

	Tier 1 (criteria)
	Tier 2
	Tier 3

	Supplier performance
	Delivery performance
	· Quality compliance

· Compliance with packaging standards

· Compliance with date (lead-time)

	
	Shipment quality
	· Rejection in the production line

· Reduction in incoming product quality control

· Rejection by the final customer

· Sorting efforts

	
	Service and communication
	· Reverse logistics

· Repair services

· Training aids

· Research and development (R&D)

· Communication systems

· Availability and ease of contact

· Quick response (response to change)

· Proactive engagement

	Financial status
	· Profitability

· Total revenue

· Credit rating

· Financial stability

· Assets, infrastructure, and capital
	

	Technical capability 
	Employee profile


	· Educational qualifications

· Technical staff availability

· Company size

· Organizational structure 

	
	Manufacturing 
	· Production line flexibility

· Environmental friendliness

· Safety

· Transport and storage

· Lead-time

· Production planning systems

· Material handling

	
	Technical cooperation
	· Information sharing

· Development capabilities

· Response to quality issues

	
	Equipment
	· Level of cooperation

· Development capabilities

· Response to quality issues

	
	Organizational culture
	· Attitude

· Culture

· Management capabilities

· Reliability and trust

· Long-term relationships

	Suppliers’ quality systems
	Process involvement
	· process improvement

· quality techniques in process improvement

	
	Management commitment
	· internal audit

· quality assurance systems

· ISO registration

· Continuous quality improvement

	
	Inspection and experimentation
	· Calibration activities

· Product audits

· Measuring and testing equipment

· Final inspection and reliability tests

	
	Quality assurance 
	· Statistical applications

· Rework

· Corrective action response

· Application of advanced quality improvement techniques

· Customer reference

	
	Quality staff
	· Education of quality staff

· Number or size of quality staff

	Reputation
	· Partnerships

· Position in the market

· Supplier history
	

	Geographical location 
	· Global

· Local
	

	Price and cost
	· Ordering cost

· Cost of reduction assistant

· Terms of payment

· Transportation costs

· Discounts 
	


With the increasing emphasis on sustainable development, the public sector has been taking steps towards green supply chain management. Here, supplier selection helps to improve environmental performance. Deshmukh & Vasudeyan (2014) discuss several selection criteria that could fit in public procurement in furthering environmental performance. The design criteria focus on the capability of the supplier to reduce waste, reuse components, make products that are easy to dismantle, and design products for efficient utilization of resources. The manufacturing criteria emphasize minimizing hazardous materials produced or used in production, measures applied in the reduction of water, material, and energy use, minimization of natural resource exploitation, closed-loop manufacturing, information sharing, and production scheduling, among others. The technology criteria involve the supplier’s level and ability in R&D, technical expertise, and use of clean technology. Green logistics criteria focus on sustainable transportation, inventory control, material handling and storage, facility allocation, and warehousing. Other criteria used in green supply chain management include procurement management criteria, customer service criteria, R&D management criteria, process management criteria, operational performance criteria, and environmental management criteria.

2.3  Public Procurement 

Edquist et al. (2014) defined procurement as the internal process of using outside suppliers to acquire resources and services. Eliasson (2010) puts into perspective the crucial importance of the procurement process to all organizational units, from households to organizations, firms, and governments, having recognized it as an indispensable activity. In the private sector, procurement is seen as a crucial profit centre used to maximize a firm’s cost savings on materials. However, this view does not hold in public procurement (Lember et al., 2014). Unlike private procurement, public procurement reflects public concerns because the activity draws funds from public tax revenue. According to Stock and Douglas (2001), public and private procurement are similar in many ways, including quality assurance, supply market analysis, supplier relationship, cost savings, and procurement ethics.

The size of public procurement in every country is enormous, accounting for a significant proportion of goods and service demand and, thus, is an attractive instrument for developing society and the nation (Arrowsmith & Martin, 2003). According to Choi (2010), numerous studies are available in the field of public procurement. Dahlgaard (1999) discussed the general characteristics and facets of public procurement, Koninck and Flamey (2009) researched the social responsibility of public procurement, and Eliasson (2010) examined how public procurement influences industrial R&D. Singh (2010) investigated the ethical issues associated with public procurement. Although numerous pieces of literature are available on public procurement, Stock and Douglas (2001) pointed out that little research has been done on its broad-spectrum roles.

Public procurement encompasses four major principles: non-discrimination, transparency, equality, and proportionality (Weele, 2010). Consequently, the four principles act as the foundation for the characteristics and features of public procurement. Researchers agree that public procurement includes similar objectives to private sector procurement in terms of purchasing appropriate quality products or services at the right time, quantity, and price and from the right supplier (Leenders & Fearon, 1997; Weele, 2000). Weele (2000) delineated the objectives of public sector procurement and identified some of the following as being the most important: 

1. Assurance of the continuity of supply to satisfy service needs

2. Avoid duplication of activities and waste through standardized approaches

3. Improvement and maintenance of quality standards in the purchase of goods and services

4. Development of an environment characterized by collaboration and cooperation between the suppliers, agencies, and departments involved

5. Obtainment of maximum cost savings via innovative supply chain management and use of value analysis techniques

6. Administration of supply function with internal efficacy

7. Purchasing goods or services at the lowest possible life-cycle cost, consistent with quality, delivery requirements, and performance

According to Leenders & Fearon (1997), establishing objectives before the procurement process underpins the interests of the public sector in saving costs. The process of procurement in the public sector involves a rigid structure, which makes it difficult to adjust the purchasing methods, because it is governed by law (Leenders & Fearon, 1997). Essentially, procurement in the public sector must adhere to legal guidelines provided to the public authorities. The process must comply with legislative requirements established in that country (Falagario et al., 2012). In most countries, public procurement laws require that authorities award contracts to the lowest bidder who can satisfy the requirements laid out in the bid (Brown et al., 1984, Falagario et al., 2012). In essence, this means that the sector has limited flexibility in the procurement process, with narrow evaluation criteria because of the legal bindings (Leenders & Fearon, 1997). 

Furthermore, Weele (2000) observes that the public sector engages in procurement within tight budgets. Consequently, any changes should be approved by relevant legislative bodies, which makes the process time-consuming and results in challenges in taking advantage of spot buys of high quantity price deals (Leenders & Fearon, 1997). Fundamentally, the need for approval is because procurement funds in the public sector come from the taxpayers. Suppliers may try to influence the procurement process through political means to acquire preferential treatment because they feel that they pay high amounts in taxes. 

The transparency of the public sector is another characteristic discussed in the literature. According to Gelderman & Weele (2002), public sector institutions often disclose their expenditure to the public to show their accountability for public funds. In essence, this means that the procuring institution has a responsibility to avail all information about the prices or costs of procurement to the public, on request (Leenders & Fearon, 1997). However, the limited confidentiality of such information adds to the complexity of the procurement process, because competitors can acquire the information and lay strategies to overturn the earlier bids (Adil et al., 2013). The public sector has an obligation to offer information to all available bidders for the acquisition of competitive bids, without varying interpretations (Leenders et al., 2006). However, Leenders & Fearon (1997) observed that the requirement for accurate specifications in the public procurement process is time consuming, which adds to the complexity of the process. In essence, the public sector emphasizes a rigid structure in the bid process that involves an invitation to bid, opening of bids, evaluation of bids, and the awarding of contracts (Leenders & Fearon, 1997). Consequently, Weele (2000) suggested that the rigid structure of public procurement makes the process dull, time-consuming, and extremely challenging to all involved. 

According to England (1967), the procurement function has critical consequences for the security of a firm, industry, or country. Consequently, countries have established specific guidelines for the procurement function in the public sector. According to Rawlinson & McDermott (1999), the guidelines may be general for specific countries or work categories, developed through practice. The guidelines aim to provide systematic approaches to the evaluation of tenders. However, Rawlinson & McDermott (1999) discourage the use of universal evaluation systems because of the complexity involved and the range of performance criteria and indicators among tenderers. Conversely,  Adil et al. (2013) support their view that basic models and guidelines can be created based on specific criteria for identifying specific cases. For instance, many countries rely on the European Directives, which encourage the application of the most economically advantageous tender (MEAT) or lowest price (LP) approaches. The LP approach is applied when the features of the services or items, other than the price, are similar among suppliers. Otherwise, tenderers apply the MEAT approach when these features are absent (Falagario et al., 2012). Similarly, the UK uses guidelines that maximize the ‘value of money’, while the United States emphasizes awarding bids to the lowest and most responsive bidder (Brown et al., 1984; Leender et al., 2006). 

Tender evaluation in public sector procurement relies largely on the criteria of quality, price, and delivery (Liu et al., 2000; Luo et al., 2009; Monczka et al., 2010). As observed in the earlier chapters of the literature review, these three aspects are the major criteria used in the procurement process, even in the private sector. However, Adil et al. (2013) suggest that the public sector may have several other criteria, depending on their needs and type of procurement. Applying many other criteria when selecting suppliers in public sector procurement adds to the complexity of the process (Adil et al., 2013). 

Koninck and Flamey (2009) assert that the role of procurement, whether public or private, goes beyond the traditional purpose of obtaining goods and services that respond to various firms’ internal needs. An effective and efficient procurement process requires a better understanding of the specific requirements of the business. Panayiotou et al. (2004) list some important factors firms consider during procurement, including the right source, right price, goods or service specifications, quality, delivery time, and quantity.

Bergman and Lundberg (2013) argue that every procurement project is different; some are small and less complex, while others are large and highly complex. Whether public or private, procurement undergoes the same process consisting of five stages: the definition of business needs, development of a procurement strategy, supplier evaluation and selection, negotiating and awarding procurement contracts, and an induction and integration process (Falagario et al., 2012). Even though every procurement project follows the same process, some processes are adapted to fit the nature, size, and specific requirements of firms.

Over the past several years, supplier selection has received increasing attention owing to its role in enhancing business efficiency and competitiveness. Edler and Luke (2007) argue that it is imperative for any business to select and maintain competent suppliers in order to realize these two essential benefits. Edquist et al. (2014) argue that many factors affect the ability of a company to select and maintain competent suppliers. These include a proper understanding of the supplier selection process, reliable delivery times, adequate finance, adequate technological and logistical capabilities, quality, and trust and commitment.

An empirical study by Uyarra and Kieron (2010) revealed that many firms commonly use financial position, quality, materials delivery, cost, technology, and communication criteria when selecting suppliers. Furthermore, a literature review by Koninck & Flamey (2009) reveals that most firms also emphasize other criteria, such as good references, ISO certification, credibility, reliability, and product development in supplier selection. Another recent study by Arrowsmith and Martin (2003) showed that the focus of supplier selection is shifting from relying on quantitative factors to including qualitative criteria as well. They further argue that using a combination of quantitative and qualitative factors enhances the efficiency of supplier selection. However, Singh (2010) asserts that the use of multiple criteria (quantitative and qualitative) complicates the decision-making process of supplier selection.

Using empirical evidence, Lember et al., (2014) observed that many factors complicate the supplier selection decision-making process. They grouped these factors into four categories: the use of multiple criteria, involvement of many options, conflict among criteria and interests (e.g. conflicting objectives), and internal and external constraints. On the other hand, Eliasson (2010) argues that the right supplier selection process involves several different functions, including purchasing and quality, which essentially requires great effort and patience to develop.

Every country is trying to expand its economy and promote its growth rate. However, this needs a constantly improving infrastructure and industries to facilitate the process. The construction sector has been one of the important pillars to make that happen. Therefore, bidder/contractor pre-qualification is a complicated decision. However, the major question that needs to be answered first is what parameters should be used as deciding factors to make correct decisions and to cope with unfavourable market conditions. Hence, to distinguish themselves from competitors, companies must select the best ways to solve clients’ concerns (Hosny et al., 2013). Now, industries are preparing to open trade in accessible markets, making it important to include best international practices. As suggested in different studies, the bidding process plays a key role in development because it creates value for money, plans to fulfil clients’ needs, and helps the company to achieve a competitive advantage over its competitors. An industry can suffer severe setbacks or can leap forward, depending upon the bidder to whom the contract has been assigned. In Greece, the pre-qualification process is guided by five stages: 1) invite tenders; 2) submit applications; 3) select potential contractors; 4) short-listed contractors submit price offers; and 5) select a winning contractor (Anagnostopoulos, & Vavatsikos, 2006). 

Therefore, a multi-criteria approach using the AHP is recommended for such decisions. The decision problem is decomposed into qualitative criteria and sub-criteria that are further analysed using quantitative indicators on which the candidate contractors are evaluated. There are multiple methods for supplier selection, such as a cluster analysis, case-based reasoning systems, statistical methods, decision support systems, data development analysis, total cost of ownership models, and so on. On the other hand, these methods require extensive computation because they are time consuming. At the same time, these methods cannot manage a complex and unstructured situation. Thus, the AHP is the best solution because it breaks down a complex and unstructured situation into variables, then arranges those variables into a hierarchical form to help make a decision (Marufuzzaman & Ahsan, 2009).

The public procurement process ranges from the identification of buyers’ needs to an asset’s end of life or contract expiration. The process involves several stages, including the provision of the required goods, works, and services, quality monitoring and control, and an assessment of the quality of the contracted activities. It includes various decisions that aim to fulfil the goals of public procurement. Thai (2001) provided a model depicting the scope and nature of public procurement. The model analysed the direct and indirect relationships among the various components involved. It identified five components of public procurement: management and policymaking, authorization and distribution, legal regulations, feedback, and purchasing practices. Harland et al. (2005) provided a broader view of the concept of public procurement that considers several environmental factors, including economic, political, technological, and social factors that could influence the procurement process. According to Hughes (2005), the five steps involved in public procurement include the identification of needs, definition of service, listing of suppliers, selection of suppliers, and evaluation of suppliers. Dobi et al. (2010) offer a simplified sequence that includes preparation, proposal, execution, monitoring, and the analysis of results. While many researchers have provided suggestions and recommendations, empirical evaluation criteria for supplier selection in public procurement remain limited. The main question that arises for many procurement managers is how to define the selection criteria and weigh them objectively. As discussed earlier, several methods for MCDM in procurement have emerged, with AHP being one of the common methods. In this case, it is crucial to identify the challenges that public procurement faces. Using the stakeholder theory, studies have revealed that procurement faces challenges from the multiplicity of internal stakeholders who place demands and constraints on the purchasing managers (Boyne, 2002). Furthermore, Pan (2005) observed that gaps between stakeholder and project goals lead to the underestimation of stakeholder groups, which, in turn cause problems such as resistance. Poon & Yu (2010) suggest that the adoption of a stakeholder approach and the preparation of effective evaluation criteria improve governance and the success of the procurement process. Touboulic et al. (2014) found that sustainability requirements with suppliers can be enforced and monitored by a powerful buyer. However, it was found the coercive power will build solidarity among suppliers against the buyer. Knight et al. (2014) explore new insights into the procurement portfolio yielded by procurement skills, which vary by purchase type and the important skills for effective performance in different stages. On the other hand, it was found that a lack of common coding systems, a lack of consideration of the supply market, supplier resistance, reliance on suppliers for data, a lack of strategic buying, local politics, and differing priorities result in poor collaborative procurement (Walker et al., 2013).
Using the agency theory, Dawson et al. (2011) observed that public sector procurement faces information asymmetry, which creates challenges in the control of contracts. Additionally, Doshi (2005) and Zhao et al. (2006) identified limited interest from vendors because of payment issues and the standardization of government contracts as a challenge in public procurement. Thai (2001) suggests that balancing social and economic objectives in public sector procurement tends to create a problem of conflicting goals. According to Tysseland (2008), the focus on procurement costs, with little attention paid to long-term objectives, may lead to high life-cycle costs, which is a major challenge in public sector procurement. However, Anagnostopoulos & Vavatsikos (2006) developed an AHP model that could mitigate some of these challenges. This dissertation focuses on project-specific pre-qualification. However, the model adopted from Anagnostopoulos & Vavatsikos (2006) may be adopted in the UAE, without any major changes. 
2.4.Chapter Summary

In conclusion, the literature review has shown that selecting the right supplier may seem to be a tedious procedure in a supply chain. A simple supplier selection process may assist in being a more inclusive process of selecting the right suppliers. Good suppliers help in driving a customer’s demands and in building a strong brand reputation of quality products (Moser, 2006). While selecting a supplier who can meet your consumers’ demands for higher quality products, you may incur initial costs, but you will realize a profit over time through consistency (Moser, 2006). However, the process of locating the best supplier is often very difficult, and requires discipline, determination, and hard work.

A review of the diverse studies shows an agreement on the content domains of the supplier selection process. Fundamentally, the literature theorizes that the factors associated with supplier selection have a direct relationship with the criteria for selection. For example, price, quality, cost, and financial and technical aspects determine the suitability of a criterion. Additionally, supplier selection is a fact-based management practice that requires adequate evaluation and in-depth analysis. Consequently, it is plausible that effective supplier evaluation and selection results in improved organizational performance through a developed business process and enhanced customer satisfaction. 

Furthermore, there is a point of contention about the benefits accrued from the involvement of suppliers in the development of products and the continuous improvement of teams that enhance the selection and evaluation process. For this reason, including suppliers in project teams augments the information and expertise related to new ideas and technology. Additionally, it allows the early identification of probable challenges, which could help to improve the quality of the final product or service, eliminate rework, and reduce production costs. Furthermore, effective supplier selection facilitates improved information sharing and communication, which mitigate delays and ensure the timely completion of work. Moreover, it could help to reduce development costs, provide prototypes on time, standardize components, and reduce defects. 

As observed, quality is one of the highest ranked determinants of supplier selection. From the pioneering works of Dickson (1966) to present-day studies, the emphasis has largely been on quality aspects of supplies and suppliers. Delivery is also identified as a critical factor to select suppliers. Meeting the delivery deadline is always appealing to buyers, because they prefer to avoid delays. Furthermore, the performance history of the suppliers is another determinant in the supplier selection process. The emphasis on the performance history helps to avoid the reliance on unknown suppliers. Service factors, including repair capacities, after-sale service, accessibility, technical capacity, customer service, change of parts, and warranties are crucial aspects of the supplier selection process. The dynamism of the current environment requires continuous improvement in the procurement process in the public sector. 

Chapter III A review of research methods in supplier selection

3.1 Supplier selection methods 

Previous research has covered supplier selection techniques. On investigation, it was found that it is more important to propose supplier selection approaches matching different purchasing situations based on the criticality of the materials purchased. Thus, each approach will vary based on complexity and accuracy; greater accuracy in selection criteria will require a more complex approach. Based on the most often-used approaches in the literature, three different groups were identified, each characterized by different supplier selection techniques: low accuracy and low complexity; medium accuracy and medium complexity; and high accuracy and high complexity (Boer et al., 2001).

The first group can be identified using the scoring model (SM) and categorical methods (CMs). These methods depend on historical data and experience (Boer et al., 2001). The second group can be identified using the AHP produced by Saaty (1977), which depends on subjective qualitative judgement. Once evaluated, the importance of each creation against each other creation and the preferences of each supplier against each other supplier can be seen. Other authors have implemented this approach in their research (Barbarosoglu et al., 1997; Masella et al., 2000; Narasimhan, 1983; Nydick et al., 1992). The second approach is the analytic network process (ANP), which is an advanced version of the AHP (Sarkis et al., 2002). It is distinguished by two characteristics. First, it includes the numbers of dependent relationships among the elements. Second, it evaluates criteria that do not occur in the AHP. The last approach for the second group is the data envelopment analysis (DEA), developed by Charnes et al. (1978), which measures the efficiency of a supplier by dividing the weighted sum of the performance ratio by the weighted sum of its cost. The DEA is based on the concept of the efficiency of alternatives. Buyers often evaluate options based on cost criteria (input) and benefit criteria (output). Boer, Labro, & Morlacchi (2001) define the efficiency of an alternative as the ratio of the weighted sum of the inputs. In a DEA, the buyer selects a supplier based on the most constructive set of weights that can maximize the supplier’s rating. Therefore, the DEA categorizes suppliers into efficient and inefficient suppliers. In addition to categorizing suppliers, a DEA can help in negotiations with inefficient suppliers (Boer et al., 2001; Liu et al., 2000).
For the third group, it is best to use total cost of ownership (TCO), fuzzy set theory (FST), and the mathematical programming (MP) models. TCO is used to identify the direct and indirect costs of the materials, and selection will be based on the supplier offering the lowest TCO (Ellram, 1993; 1994; 1995). The models based on TCO aim to include the quantifiable costs incurred in the life cycle of the purchased item. According to Boer, Labro, & Morlacchi (2001), TCO can help in the distinction between pre-transaction, transaction, and post-transaction costs. The models comprises a summary and quantification of the costs associated with the selection of suppliers and subsequent adjustments or penalization of the unit price quoted. Timmerman (1996) proposed the cost-ratio method as a strategy to apply within the TCO for organizations with computerised accounting systems. This approach needs more advanced data on costs, and depends on objective evaluation. It identifies all cost elements in the life cycle of the product. It has some disadvantages, such as the complexity of the data, especially if the company has much material to purchase. 

Mathematical programming models allow decision-makers to formulate decision problems based on mathematical objective functions that require maximization (profits) or minimization (costs) (Boer et al., 2001). On the one hand, MP models are objective, compared with the rating models, because they oblige the decision-maker to state the objective function explicitly. On the other hand, the models consider only quantitative criteria. Most MP models assume fixed levels of service, quality, and delivery constraints (Rosenthal et al., 1995; Sadrian and Yoon, 1994).
Several studies group AHP and FST together as linear weighting models (Boer et al., 2001). Linear weighting models assign weights to the criteria, where the highest weight indicates the greatest importance. Some adapted models specifically help in accounting for the imprecision associated with the rating mechanisms. For instance, the AHP approach avoids the difficulty associated with providing point estimates for the criteria weights and performance scores in the linear weighting model. Therefore, the AHP allows the buyer to make qualitative statements about individual criteria and the relative preferences of one supplier over another. FST is used to model uncertainty and imprecision in supplier selection situations. FST provides a mathematically precise strategy of modelling ambiguous preferences, for instance, when it comes to establishing weights of performance scores (Boer et al., 2001). Morlacchi (1999) focused on the design process of a supplier evaluation model through a combination of AHP and FST to identify the associated advantages and disadvantages of hybrid models. The study found that hybrid models helped to reduce the disadvantages associated with each model, although they introduced a set of new challenges to purchasing managers.

The principal component analysis (PCA) approach is a multi-objective method in vendor selection, which attempts to offer decision-making support to purchasing managers facing multiple vendors, as well as trade-offs such as delivery, price, product quality, and reliability (Petroni & Braglia, 2000). The multivariate statistical method involves data reduction in the identification of a set of variables that account for a large proportion of the total variance in the initial variance. The technique can also be applied to identify ‘latent’ dimensions in the data. Indeed, the PCA calculates the linear combinations of the variables involved, where the first linear combination accounts for the largest variation in the sample, while the second accounts for the variance in a dimension independent of the first. The method is considered simple in its execution because of its accessibility over time. Additionally, the method has been found to be efficient in the handling of multiple conflicting attributes when selecting suppliers while taking into account the trade-offs among selection criteria. 

The weighted-point approach has also found application to select suppliers, in both private and public organizations. The method considers the attributes that the buyer weights, after which the buyer multiplies the weights by the performance score assigned (Timmerman, 1987). The buyer has to weight all measurement factors in terms of their importance in each purchasing situation. The method was designed to use quantitative measurements. The chief advantage of the method is that it allows the inclusion of various evaluation factors and the assignment of weights according to the buyer’s needs (Suárez-Bello, 2003). However, the method has a drawback in that it does not allow the inclusion of qualitative evaluation criteria. 
The cost-ratio method involves the relation of the identifiable purchasing costs with the monetary value of the received goods (Suárez-Bello, 2003). A vendor will apply a lower rating for high ratios, and vice versa. The costs associated with the quality of the goods include the costs associated with sample approval, visits to the vendor, inspection of shipments, as well as costs associated with defects and rejected goods. In most cases, the quality control departments are charged with the identification, determination, and documentation of the quality costs. The costs associated with the delivery of products include emergency transport and communications. The cost-ratio approach is a cost analysis method that considers cost ratios for delivery, product quality, price, and customer service. Although the method is highly flexible and can be adopted in any company, its complexity and need for developed cost accounting systems make it less popular (Suárez-Bello, 2003). 

Artificial intelligence (AI)-based models have surfaced in recent times because of advanced computer systems. The models rely on computer-aided systems that can be trained using historical data or purchasing experts. Consequently, non-experts facing a similar decision-making situation can consult the system for guidance. The neural network approach is a commonly used AI-based model. Several companies have also applied the neural network approach to the selection of suppliers. According to Suárez-Bello (2003), the neural network method saves time and money in comparison with the other conventional models used in decision support. The system used to select suppliers comprises two functions. The first function entails the measurement and evaluation of performance of purchasing, as well as storing the information in a database for the network. The second function involves the actual selection of suppliers. The buyer should decide on the most appropriate artificial neural network (ANN) model to use and the number of nodes per hidden layer, input layer, and output layer. An advantage of the neural network approach is that it does not need a formal decision-making process. Consequently, the approach works better in coping with the uncertainty and complexity associated with other conventional methods because it is designed to apply human judgement functioning. Case-based reasoning (CBR) is a newer AI technology that has started being used in purchasing decision-making. Although the technology is relatively new, it has the capability to use information gathered from previous negotiations and allow easy training, which creates a link with supplier selection (Boer et al., 2001). 
In summary, the categorical model is the quickest, easiest, and cheapest method to implement in supplier selection. However, recent events in organizations could influence the application of the model, leading to a lack of precision and subjectivity. The weighted point model is flexible, easy to implement, and efficient in the optimization of selection decisions. Although the method is more costly than the categorical model, it offers a degree of objectivity, which increases its reliability. The cost-ratio method is precise and costly in its implementation because of the complex computations required. The method is effective because it enables the identification of the crucial elements required in supplier selection. The PCA method is highly accessible and accounts for conflicting attributes, which gives it an advantage over the cost-ratio method. The AHP is simple to use and interpret, which has made it applicable in many companies. While the neural network model can save time and money, it demands software and skilled personnel for implementation, which makes it uncommon in many organizations (Suárez-Bello, 2003). Table 2 provides a summary of the methods, including their advantages, disadvantages, and parameters used.
Table 2: Summary of supplier selection methods
	Method
	Parameters (qualitative/quantitative)
	Advantages 
	Disadvantages

	Categorical
	· Delivery 

· Quality

· Service

· Price 
	· Inexpensive

· Evaluation process is systematic and clear

· Requires minimum performance data
	· Imprecise

· Subjective

· Attributes are weighted similarly 

	Cost ratio
	· Delivery 

· Quality

· Service

· Price
	· Flexible

· Reduces subjectivity 
	· Expresses performance measures artificially in the same units

· Complex and requires advanced cost accounting systems

	Weighted point
	· Delivery 

· Quality

· Service

· Price
	· Weights attributes according to their importance
	· Difficult to consider qualitative criteria

· Complex 

	TCO
	· Quality costs

· Price

· Transport costs

· Unreliable delivery service costs

· Reception costs

· Ordering costs

· Inspection costs
	· Allows the inclusion and comparison of various purchasing policies 

· Cost saving advantages
	· Highly complex

	PCA 
	· Quality

· Delivery reliability

· Price 
	· Considers multiple inputs and outputs concurrently without earlier assignment of weights 
	· Requires knowledge of advanced statistical methods

	AHP 
	· Delivery 

· Quality

· Service

· Price
	· Includes both qualitative and quantitative criteria Simple 
	· Inconsistent 

	Neural network
	· Performance

· Geography

· Quality

· Price 
	· Cost and time saving
	· Requires advanced software

· Lack of expertise 


Several studies have tried to integrate different approaches to provide clearer directions on supplier selection. These integrated approaches can be classified into integrated AHP approaches, integrated fuzzy approaches, and other approaches. Several approaches are used in which researchers have combined AHP with other approaches. For example, Chen & Huang (2007) created an integrated approach using the AHP model and bi-negotiation. The model involved the ordinary elements of the AHP models, in addition to a multi-attribute negotiation mechanism aimed at improving supplier selection. The model revealed that the combination of AHP with a multi-attribute negotiation mechanism could enable effective supplier selection by facilitating negotiations on different attributes of the deal, including delivery, assets, and business criteria. Ramadhan (2007) suggested that the combination of DEA and AHP could help in evaluating supplier performance using qualitative and quantitative information. The suggested model is based on information acquired from the AHP model and the TCO. Saen (2007) suggested the integration of DEA and AHP for the selection of a non-homogeneous pool of suppliers. According to the researcher, suppliers do not often consume the same inputs in their comprehensive supply of common outputs. Consequently, the AHP model would determine the relative weights of individual suppliers with missing values, while the DEA would be applied to compute the efficiency of each supplier. Similarly, Savkli et al. (2007) combined the AHP and DEA to demonstrate a supplier selection procedure. In their approach, the AHP was applied in the derivation of the local weights from specific pairwise comparison matrices and the aggregation of the local weights to determine overall weights. The researchers assumed that each of the rows and columns of their matrices was a decision-making unit and an output, respectively. They used a dummy input with the value of one of the decision-making units. However, they concluded that the approach was more cumbersome than the typical AHP, despite having its own advantages.

Ha & Krishnan (2008) suggested a combination of the AHP, DEA, and ANN for supplier selection within the manufacturing industry, proposing 12 evaluation criteria (seven quantitative and five qualitative). The researchers used the AHP model to evaluate supplier performance, based on five qualitative factors. Subsequently, they passed the remaining quantitative criteria and the scores for each supplier obtained from the AHP into the ANN and DEA to measure individual supplier efficiency. The method compiles the results using a single efficiency index based on simple averaging methods. 

Cebi & Bayraktar (2003) proposed a combination of AHP and goal programming (GP) to evaluate relative supplier performance for individual raw materials, based on 14 evaluation criteria. The weighting acquired from the AHP model for each supplier was then put into the GP model to select the best supplier for individual raw materials and to determine the amount of raw materials to purchase from the selected suppliers. Similarly, Wang et al. (2004; 2005) combined the AHP and GP in their supplier selection approach. Unlike Cebi & Bayraktar (2003), they used different evaluation criteria and incorporated the AHP weightings into one of the goal constraints of the GP model. Percin (2006) also applied an integrated AHP-GP approach to demonstrate the selection of suppliers. The researcher used the AHP model first to measure the relative importance of different weightings of potential suppliers, based on 20 evaluation criteria. Subsequently, these weightings are introduced as coefficients of five objective functions within the GP model. Fundamentally, the model aims at determining the optimal quantity of orders from the most appropriate supplier, while also considering the capacities of these potential suppliers. Kull & Talluri (2008) combined the AHP and GP models for the evaluation and selection of suppliers, while considering the associated risk factors and product life cycle. The AHP is used in the assessment of suppliers along several risk criteria and derived risk scores for each supplier. Subsequently, the GP model is applied to evaluate suppliers based on several risk goals and hard constraints. Mendoza et al. (2008) proposed an integrated AHP-GP approach to reduce potential suppliers to a manageable pool. The integrated approach relies on the ranking of alternative suppliers based on five criteria and determining the optimal order quantity for individual suppliers. 

Yang & Chen (2006) proposed a combination of AHP and a grey relational analysis to compute the relative importance of weights, based on qualitative criteria. Subsequently, they use the acquired weights as coefficients in the grey relational analysis model. The model combines quantitative and qualitative data in the acquisition of relational grade values. Consequently, this model suggests that the supplier with the largest grade value is the most appropriate. 

Mendoza et al. (2008) developed a two-stage approach to solve the supplier selection and order quantity problems concurrently. The approach combines the AHP and integer non-linear programming models. First, they apply the AHP model to rank and reduce the list of suppliers to a manageable pool, based on five evaluation criteria. Then, they construct a mixed integer non-linear programming model to determine the optimal quantity of orders. 

Xia & Wu (2007) incorporated an AHP model and multi-objective programming in their model of effective supplier selection. The AHP model is applied to calculate the performance scores of potential suppliers. These scores are used as coefficients in the four objective functions of the mixed integer-programming model. Essentially, these researchers aimed to determine the optimum number of suppliers and order quantity, as well as the selection of the best set of suppliers for individual raw materials. 
Integrated fuzzy approaches have also been developed to deal with evaluation and selection problems in procurement. Kahraman et al. (2003) used a fuzzy AHP approach to select the best vendor in a Turkish manufacturing company. The fuzzy AHP model reveals that decision-makers can specify their preferences with regard to the importance of individual evaluation criteria using a set of linguistic variables. Chan & Kumar (2007) also developed a fuzzy AHP model to deal with the same problems. In their approach, a fuzzy synthetic extent method analysis and triangular fuzzy numbers are used to represent the decision-maker’s judgement. Subsequently, the researchers use these measures when selecting the priorities of the different criteria used. 

Bottani & Rizzi (2008) developed an approach combining fuzzy AHP and a cluster analysis. The researchers integrated the two models to enable the grouping and ranking of options, as well as to reduce the number of options progressively and to select a suitable cluster. The fuzzy logic is introduced in the approach to deal with the qualitative nature of the supplier selection process. 

Jain et al. (2004) proposed a fuzzy-based model incorporating a genetic algorithm (GA) into the model. According to these researchers, experts may find it difficult to define an entire rule to evaluate supplier performance. Therefore, the GA approach is integrated to generate several rules within the established rules, based on the type and nature of the priorities linked to the products and suppliers’ attributes. 

Amid et al. (2006) suggested a fuzzy multi-objective linear programming model for use in supplier selection. The model handles the vagueness and impression associated with input data and assists decision-makers in identifying the optimum order quantity for individual suppliers. The model includes three objective functions with different weights, after which the researchers developed an algorithm to solve the model. Amid (2009) developed a similar approach, with the only difference being the consideration of a quantity discount. The model revealed that the price discount would be proportional to the quantities ordered for each raw material. 

Bevilacqua et al. (2006) applied quality function deployment (QFD) to supplier selection. They constructed a house of quality to identify the features requisite in the satisfaction of customer requirements and the relevant supplier assessment criteria. The researchers assigned the features of the products and the relationship weightings between the assessment criteria and product features in terms of fuzzy variables. Consequently, the researchers identified a way in which decision-makers could evaluate the potential suppliers based on the proposed criteria. 

Kwong et al. (2003) integrated the fuzzy set theory into a simple multi-attribute rating technique (SMART) to assess supplier performance. The model uses supplier assessment forms to determine scores for individual assessment items first. Subsequently, these scores are fed into a fuzzy expert system to determine the supplier recommendation index. Similarly, Chou & Chang (2008) used a fuzzy SMART approach to evaluate suppliers within the IT hardware manufacturing industry. The researchers used a sensitive analysis in the assessment of the changes in risk coefficients pertinent to supplier rankings. 

Several other approaches use integrations that are less common in practice. For instance, Choy, et al. (2004) developed an approach that integrated cost-based reasoning (CBR) and an ANN to select the most appropriate supplier. The ANN approach is applied to set benchmarks for the potential suppliers, while the CBR is applied to select the best supplier pertinent to previous successful or relevant cases. 

Lau et al. (2006) integrated an ANN and the GA approach in their supplier selection model. Similar to Choy et al. (2004), the researchers used the ANN in benchmarking potential suppliers based on four evaluation criteria. Subsequently, the researchers deployed the GA to determine the most appropriate combination of suppliers. The four evaluation criteria are applied again to determine the fitness function of the GA. 

Demirtas & Ustun (2008) developed an integrated model using a combination of the ANP model and multi-objective programming. The model selects the best supplier and determines the optimum order allocation per supplier. The researchers evaluate the performance of potential suppliers using an ANP based on 14 assessment criteria. Subsequently, they incorporate the priorities into one of the three objective functions of the multi-objective, mixed-integer linear programming approach. 

Demirtas & Ustun (2009) suggested an integrated model based on a combination of ANP and GP approaches. Similar to their earlier model, the researchers evaluated potential suppliers using the ANP approach. Subsequently, they use the weightings acquired as coefficients in one of the three objective functions, in which the objective functions and evaluation criteria of the earlier study were retained. The difference with the older model is that the new model included four goals. 

Weber et al. (2000) developed a model integrating the DEA and multi-objective programming model to determine the optimum order quantity. The researchers incorporated three objective functions into the model. The optimal solution acquired was used in the DEA to measure the efficiency effect of the constraints in the multi-objective model for each supplier. Similarly, Talluri et al. (2008) combined multi-objective programming models and the input-oriented DEA to determine negotiation strategies applicable when dealing with efficient suppliers. The approach enables the effective customization of supplier-specific negotiations by benchmarking the performance of potential suppliers against that of existing suppliers.

Seydel (2006) used a combination of the SMART and DEA approaches to evaluate the performance of 10 suppliers. Rather than selecting among the suppliers, the researchers used the DEA approach to evaluate the decision-making results and to identify the set of efficient outcomes from the candidates. Liao & Rittscher (2007) combined a multi-objective programming model and GA approach under stochastic demand conditions. The researchers incorporated four objective functions in the model and deployed the GA approach to select the optimal supplier rather than solving for the model’s optimality first. 

A review of different papers reveals that DEA is the most popular approach in supplier evaluation and selection, followed by AHP, ANP, fuzzy approaches, and GA. As discussed earlier, the AHP involves a multiplicity of approaches, with integrated approaches finding a bigger role in modern supplier selection and evaluation. According to Ho (2008), the widespread use of AHP stems from its simplicity, flexibility, and ease of use. Many researchers have demonstrated the flexibility of the AHP model by combining this approach with other models, including DEA, GP, FST, and multiple-objective programming. Fundamentally, the AHP-GP integrated approach has acquired more use in practice than have the AHP and GP individually, or other models, because the combination of the two techniques gives the approach additional advantages. In this case, the AHP model compensates for the shortcomings of GP, and vice versa. Furthermore, a review of the literature reveals a preference for specific criteria in AHP. Some of the aspects considered to be critical in supplier selection include quality, delivery, and price/cost.

The AHP approach has become a critical tool for decision-makers and researchers since its invention. Researchers have conducted many studies on the application of AHP in areas such as planning, resource allocation, optimization, selection of alternatives, and conflict resolution, among others (Alsuwehri, 2011). The strongest feature of the AHP model utilized in most cases is its ability to generate numerical priorities from subjective knowledge. Many purchasing managers use the model to determine suitable weights and the ordering of options. Liu & Hai (2005) illustrated that different weights lead to different rankings, which reduces the challenges associated with the selection of the most qualified supplier. 

Lai et al. (2002) used the AHP model for software selection using a group of decision-making techniques. They performed a pairwise comparison consisting of four levels, in which level three included criteria such as data file support, multi-media support, vendor support, and cost effectiveness. In the post-AHP session, the researchers administered a questionnaire to the software engineers to determine the contribution of the AHP model to the quality of decisions, finances, and user satisfaction. The study found a significant consensus that the AHP supports group decision-making when multiple criteria are involved. 

Al Harbi (2001) used the AHP model in project management with the aim of identifying and selecting the best contractor. The researcher constructed a hierarchical structure outlining the pre-qualification criteria and the contractors who wished to qualify for the project. He evaluated five contractors based on financial stability, experience, quality performance, equipment resources, workforce resources, and current workload. Using a pairwise combination, the researcher was able to identify the best contractor by identifying the overall priority value. 

Akarte et al. (2001) applied the model to select the best casting supplier. The researchers developed a user-friendly webpage to conduct an effective evaluation of the suppliers based on 18 criteria, of which 12 were subjective and six were objective. These criteria included product development capability, quality capability, manufacturing capability, cost, and delivery. The authors identified the strengths of the AHP model in that they could add or delete specific criteria based on the needs of the webpage users. 

Tam and Tummala (2001) used the AHP to select suppliers for a telecommunication system, which was considered a multi-person, complex, multi-criteria decision problem. The study found that the AHP approach helped in the integration of multiple decision-makers with conflicting objectives to arrive at a consensus. Consequently, the study concluded that the AHP approach could facilitate effective vendor selection because it provided a systematic approach that reduced the time used in the evaluation process. Handfield et al. (2002) studied environmental criteria used in supplier assessment for the transformation of purchasing decisions into a strategic function. The study integrated several environmental issues to allow the introduction of different or conflicting dimensions in managers’ decisions, in which quantitative and qualitative factors complicate the problem. The researchers were able to solve the problem by applying the model because it facilitated the integration of environmental criteria in the decision-making process related to supplier selection. 

Yu and Jing (2004) formulated a decision-making model to facilitate the selection of an optimal supplier combination for the Tian Jin Electric Construction Company. The study found that the establishment of trust-based relationships between buyers and suppliers served as the best criterion for the optimal supplier selection because it reduced the costs of implementation. However, the study found that other criteria, including quality, cost, and delivery, were also important in facilitating decisions about suppliers. Liu and Hai (2005) developed a novel approach based on the AHP, which they called the voting AHP model. While the model is simple and does not provide a systematic approach in weighting and sorting suppliers’ performance, they found that the VAHP helped purchasing managers to produce non-inferior purchasing options and to analyse the inherent trade-offs systematically for the relevant criteria.

The popularity of the AHP is based on its structural complexity, measurement, and synthesis. The model’s structural complexity is founded on the idea that complex problems can be presented in a way that makes them understandable to people without formal training. In essence, this means that the AHP has an innate simplicity that arises from its hierarchical structuring of complex problems into a homogeneous cluster of factors. The hierarchical approach allows experts and non-experts to understand a problem easily (Bogdanoff, 2009). Earlier models, such as the multi-attribute utility theory, differed from the AHP because they used interval measurements rather than higher-scale measurements, such as ratios. The structured AHP method allows a buyer to determine priorities by multiplying the priorities by the level of each priority within the parent element. The most notable function of the AHP that differentiates it from other models is its ability to measure and synthesize a multiplicity of factors within a hierarchy. According to Bogdanoff (2009), this is an advantage because, while many tools can facilitate analyses, few can synthesize the analyses. The AHP model entails a distinct measurement scale. Table 3 illustrates the fundamental scale used in the AHP, as proposed by Saaty (2000).
Table 3: Fundamental scale used in the AHP

	Level of importance
	Definition
	Explanation

	1
	Equal importance
	Any two activities contribute to the objective equally 

	2
	Weak 
	

	3
	Moderately important
	Judgement and experience favour one of the activities over the other slightly

	4
	Moderate plus
	

	5
	Strongly important
	Judgement and experience favour one activity over another strongly 

	6
	Strong plus
	

	7
	Demonstrated or very string importance
	One activity is favoured over another strongly based on its dominance, as demonstrated in practice 

	8
	Very strong 
	

	9
	Extremely important 
	Evidence favours one activity over another with the highest order of affirmation 


The first stage in using the AHP model involves determining the problem and selection of the objective. The next step involves determining the criteria to use when evaluating suppliers. The AHP method allows the buyer or purchasing manager to use both quantitative and qualitative methods in setting the criteria. The third step involves determining alternatives and the ranking of the alternatives. The process involves a pairwise comparison through which the buyer compares different factors included in the criteria. Next, the buyer calculates the eigenvector using matrices generated from the comparisons. Lastly, the buyer determines the best solution for the achievement of the goal or objective using a matrix calculation between the weights of each option and the weights of the criteria.

However, the AHP model has also garnered criticism from several authors. Some authors have questioned the axioms (Saaty, 2000). For example, Barzilai (1999) suggests that the axioms are meaningless and of no interest if they do not characterize the AHP properly. Furthermore, the axioms may also be meaningless despite characterizing the AHP, because the model relies on multiple laws. The first axiom challenged is the reciprocal axiom. The reciprocal axiom states the importance of a mathematical requirement for measuring the ratio scale for determining the importance of the properties of factors. According to Barzilai (1999), the subjective ratings of the relative importance of the measures cannot be measured using a scale with an absolute zero because of the challenges in their quantification. Therefore, the validity of the axiom depends on the application of the ratio scale. Secondly, Barzilai (1999) criticizes the order of magnitude limit used in the AHP. Saaty suggested that the difference in the criticality of factors is imperative in the comparison of the ratings. Consequently, one must apply a limit of 1 or 10 on a decimal scale. Thus, Saaty used 9 on the recommended scale as the maximum rating. Saaty recommended defining other clusters and elements (hierarchical decomposition) when the difference in property magnitude exceeds the above. However, it may be more desirable or practical to redefine the model when the priority of values diverges. In these cases, the greater ratio values are lost when the upper limit is effective. The third axiom-based criticism is based on the ratings on the levels not affected by lower-level ratings. Fundamentally, the independence is additional to the criteria dependence required for additive hierarchical aggregation of the AHP priorities. Lastly, Barzilai (1999) criticizes the applicability of the expectation axiom. Saaty suggests that the results acquired must comply with the intuition of the decision-maker. Therefore, the expectation axiom is only applied to exclude results that may seem irrational or caused by an incomplete, crude, or false model. Overall, axiom 2 and 3 address the mathematical foundations of the model, while axiom 2 is based on quasi-empirical foundations. Axiom 4 is a post-hoc condition that fails to address any mathematical foundations of the model at all. Consequently, Barzilai (1999) suggests that the set of axioms in the AHP model is not mathematically rigorous enough for the development of a computational methodology.

Other authors have questioned the ratings scale type used in the AHP model. Stevens (1946), Barzilai (2000), and Luce et al. (2006) discuss the foundations of the measurement theory applied in the AHP. The studies reveal three types of scales (ordinary, interval, and ratio scales) on which numerical measures are based. Essentially, the amount of information entrenched in the scale type increases from the minimum in ordinal measures to the maximum in ratio scale measures. However, the admissible algebraic operations on the measures should accord with the information entrenched in the scale. As such, ratio scales should possess an absolute zero that enables division, multiplication, addition, and subtraction. Conversely, interval scales do not allow for the division and multiplication of individual measures because they lack an absolute zero. However, the subtraction, averaging, and rationing of differences in the interval scales are allowed. In contrast, the ordinal measure scale lacks any admissible algebraic operations. According to Stevens (Barzilai, 1999), scientists often neglect the measurement of fundamentals because they focus on the physical domain in which ratio scales are implicit. However, subjective evaluations of qualitative variables and psychological measurements without measureable properties require significant attention for the implicit scale because it can limit the number of realistic and justifiable operations. 

The literature focusing on the AHP portrays a high degree of ambiguity with regard to the implicitness and derivability of the relative importance of ratings and the computation of the comparison matrix, respectively. Both seem to exist in the current literature. For instance, Saaty (1993) suggests that the relative measurement is an approach used to derive ratio scales from paired comparisons, signified by absolute numbers. Saaty (2004) defines four types of scales: a ratio scale, absolute ratio scale, chaotic ratio scale, and absolute ratio scale. However, the definitions of the scales have led to misunderstandings of the ratio scale concept. For instance, Forman & Gass (2001) suggest that the model would have been clear if it included ratio scale ambiguity. While Saaty suggests that the AHP model produces ratio scale measures for priorities for both subjective and objective information, earlier studies on the AHP school of thought show a different understanding. For instance, Harker & Vargas (1987) proposed that the use of a ratio scale with limits ranging from 1 to 9 is open to debate, depending on the grades or units of the scale, rather than on the scale type. Forman & Gass (2001) claim that the input ratios are of the quotient (A/B), which leads to the automatic induction of ratio scale priority measures. However, Warren (2004) disputes this by suggesting that the nature of the variables determines the scale type induced, rather than whether it represents a ratio. Consequently, different forms of uncertainty appear when the measure is considered in terms of how it is measured. According to Saaty’s conceptualizations, the quotient ‘Importance A’/’Importance B’ cancels out, which creates the non-measurable input ratio scale measures automatically. However, several researchers consider this conceptualization to be flawed, because the units of a scale do not determine the existence of a ratio scale, but rather the property of the variable measured, which has an absolute zero. For instance, Barzilai (1999; 2000; 2001) emphasizes the observation by showing that the location and existence of an absolute zero comprise the sufficient and necessary conditions for the presence of the scale. 

Researchers have proposed two reasons for the non-existence of an absolute zero in importance ratings. First, the ‘importance’ of an element in decision-making is dependent on the individual rater’s value system. Therefore, the subjective ratings of ratios are on the ratio scale, but are absent on the importance ratios when qualitative variables are considered. Secondly, authors dispute the assumption that the variables compared should be of the same order, with 9 being the maximum limit in the AHP model. For instance, Stewart (1992) considers the nominal scale anecdotal and without mathematical justification. Furthermore, Barzilai (2001) states that raters cannot measure ratio scales because an absolute zero does not exist. 

A third problem identified by researchers with regard to the application of the AHP model relates to its weak eigenvector justifications. The fundamental assumption in the AHP model is that the input ratings included in the comparison matrix represent ratio scales of algebraic operations that make them admissible. However, several researchers have used the right-hand principle eigenvalue and the resultant eigenvector to discredit this assumption. For instance, Crawford & Williams (1985) suggest that the immediate relevance of the eigenvector in the characterization of the AHP model and its spectral decomposition as linear operators open many questions. Consequently, the two researchers suggested the use of a geometric mean in the derivation of weights from the multiplication of matrices in order to satisfy the consistency requirements. According to Barzilai et al. (1987) and Barzilai (1997), the suggestion by Saaty and Vargas that the right eigenvector in the model preserves the rank strongly suggests that the left eigenvector does not preserve the rank. In this case, Barzilai (1997) demonstrates that both eigenvectors preserve the rank, with many solutions having similar rank preservation properties. Barzilai (1997) demonstrates that the eigenvector solutions depend on the description of the problem, which leads to the conclusion justifying the eigenvector method in the AHP. Although several researchers have attempted to show the merits of different methods of comparison matrices using simulations (Golany & Kess, 1993; Takeda, Cogger, & Yu, 1987), the results fail to show their superiority. However, Warren (2004) suggests that the applicability of the geometric mean with incomplete matrices gives the approach a practical advantage. Therefore, Warren (2004) concludes that the geometric mean is preferable because of the lack of valid justification for using the eigenvector method.

The fourth problem identified with the method relates to the concept of the ‘relative importance’ of individual criteria. According to Schoner & Wedley (1987), the relative importance of criteria demonstrates ambiguity in the manner in which the model interprets and computes the criteria importance, as well as the manner in which the model normalizes the weights acquired for the options. According to these researchers, ignoring the relationship leads to incorrect weights, despite the addition or deletion of new options. Furthermore, they observe a problem in the generation of composite measures in which there exist measurements based on more than one criterion. Consequently, they suggest that the importance of individual criteria is ‘not independent’ of the alternative performance ratings and normalization levels of the lower-level criteria. Similarly, Dyer (1990) revealed the dependency, and suggested that rating the weights as independent of the performance measures would make the results arbitrary. 

Other researchers have identified anomalies in the normalization of variables. Normalization reduces the measures of incommensurate variables to the unit interval [0, 1]. Typically, the understanding is that the normalized measures can be combined legitimately using algebraic operations. However, Forman (1993) states that one cannot acquire meaningful results by adding different ratio scales. In essence, normalization places priorities of alternatives under different criteria or sub-criteria to allow their multiplication and to make them appear as though they belong to the same ratio scale. 

According to Warren (2004), only normal measures produced through additive normalization constants sum to unity. According to Barzilai (1998; 1999), normalization signifies the rescaling of measures, which leads to problems in the mathematics of the hierarchical aggregation of the normalized measures. In these studies, Barzilai suggests several criticisms for the hierarchical procedure adopted in the AHP model. First, the researcher observes that one cannot determine the weights of the units for the single-criterion variables under measurement. Secondly, a single normalization of the set of the criteria is considered admissible after fixing the units of the criteria. Thirdly, one cannot combine the lower-level criteria weights with the upper-level weights of normalized sub-criteria because their priorities are based on different scales and normalizing constants. Therefore, Barzilia concludes that the hierarchical weighted sum of the normalized measures may not yield meaningful results using different normalizing constants. 

According to Dyer (1990), the AHP model may require changes in the normalization method to ensure that the weights of the criteria and the scores of the options are normalized based on the same alternative values. Consequently, this would establish a uniform normalization constant, resulting in uniformly scaled units for single-level models. However, the same problem would persist in multi-level hierarchical aggregation models. Schenkerman (1994) suggested that the rank reversal emanated from the eigenvector normalization used in the AHP model. Subsequently, Schenkerman (1994) revealed that the modifications to the AHP model that prevent rank reversal undo the normalization of the local priorities. Similarly, Schenkerman (1994) demonstrated that the original AHP model, the pairwise aggregated approach, and the ideal-mode AHP result in an ordering of options that does not exist in practice. Conversely, he showed that the referenced AHP approach gave the correct order of the options by undoing normalization, as well as reducing the method to a straightforward weighted sum that is significantly different to the original AHP model.

Researchers have also revealed several other secondary problems associated with the application of the AHP model. The first problem identified in research entails the rank reversal. The concept of rank reversal refers to changing the order of the existing options after adding a new option. While many modifications have emerged to eradicate rank reversal, studies show that the normalization of the eigenvectors leads to rank reversal. Another secondary problem with the AHP model entails the lack of rating independence. The problem is identified with axiom 3, which states that the ratings at any level should not depend on the lower-level ratings. However, the axiom does not clarify the meaning of the term ‘rating’ because it could refer to rating the performance against leaf-mode criteria of top-down criteria weights. However, the term can only refer to the relative performance of the top-down criteria because the leaf-mode criteria exist at the lowest level. In this case, Barzilai (1998) demonstrated the dependence of the weight ratings based on the units used for the alternative performance evaluation for each criterion. According to the researcher, a proper decomposition of the problem into independent criteria or factors would lead to the relative importance of the option per leaf-mode criterion rated cancelling the individual criteria units and retaining the interdependence between the items rated separately. The third secondary problem identified with the AHP model relates to its applicability in a cost-benefit analysis. While Saaty (1985) and Saaty & Vargas (2012) used the AHD model to illustrate the prioritization of costs and benefits in decision-making, Bernhard & Canada (1990) raised concerns about the validity of the approach. 
3.2 Chapter Summary 

 Together with increased worldwide competition, firms are under pressure to diminish their creation and material expenses. Consequently, supplier selection has become essential. As one of the MCDM issues, supplier selection issues are usually encountered in supply chain management. In addition, the assurance of helpful criteria and strategies, and the unmistakable articulation of collaborations are vital to dealing with these issues. Scientific methods should be used in the supplier selection process in order to determine enterprises’ preferences precisely. In addition, suppliers who do not meet the decided targets may be selected. 

This study is viewed as an imperative guide for researches who investigate the supplier selection issue, particularly when trying to repeat the supplier selection criteria and techniques being utilized as part of the supplier selection criteria.
In this study, MCDM techniques are utilized. The AHP is, for the most part, utilized as a part of individual and crossbreed techniques, and is most used in linear weighting models. In addition, the literature review shows that despite specialists concentrating on determining supplier selection criteria, Dickson and Weber identified criteria that are most widely utilized when selecting providers, considering that quality is critical, followed by convenience, value, and so on. 
Furthermore, with supplier selection methods similar to the initial individual models, such as the DEA, the AHP and scientific computer programs have been used widely for supplier selection and, as the problem changed to include multiple criteria, incorporated methodologies were produced.

As when supplier selection criteria were classified as being qualitative or quantitative, hybrid methods have appeared to solve supplier selection problems. Pattern shifts in supplier selection methods were noted from the 20th century, as researchers began designing strategies that considered cooperative decisions with dubious, uncertain, indistinct data from the group incorporating the fuzzy concept. Approaches were designed to deal with supplier selection.  According to these researchers, scenarios in which costs and benefits exist as immeasurable commensurate units, led to the need for complex analyses other than the AHP. Fundamentally, these authors do not point explicitly at the shortcomings of the AHP model, but rather focus on the need for a rigorous cost-benefit analysis to identify marginal cost-benefit relationships. 

Chapter IV Research Methodology 
4.1 Introduction

The AHP method is a very popular and widely adopted supplier selection model owing to its many advantages (Salem, 2012; Mardle et al., 2004; Yoo et al., 2008). The consistent verification system of the AHP process acts as a feedback loop, which enables decision-makers to review and revise their decisions (Görener, 2012). The judgements that are made are guaranteed to be consistent. The AHP approach is a popular MCDM technique and is applicable to many areas, including engineering, finance, education, industry, manufacturing, management, sports, and social sectors (Ho et al., 2011; Bayazit, 2005; Forman et al., 2001). The widespread use of this method is the result of its simplicity and flexibility. It can also be used to make consistent decisions with respect to quantitative and qualitative criteria. Using this method, organizations avoid making inconsistent decisions caused by subjective and personal judgements (Sharma et al., 2007; Hussain et al., 2015). 
Hence, various decisions need to be taken in conflicting situations in order to complete a project while satisfying the hopes and needs of customers. In order to make decisions, a measurement process must be evaluated as to how well the decision-maker is achieving the objective (Cabala, 2010). The AHP provides a simple multiple criteria methodology for the evaluation of options (Hemalatha & Sivakumar, 2009). The use of AHP uses a multi-level hierarchical structure of the objectives, criteria, and options. Then pertinent data is derived from a pairwise comparison weighting the importance of decision criteria relative to the required performance. It is a proven mechanism for improving consistency and the relative performance of an organization (Gupta et al., 2013).
4.2 Overview of the AHP 
In the AHP, the decision process is structured using different levels. The highest level represents the ultimate goal, while other decisions represent the options. The AHP enables the researcher to come up with a structure that is similar to a family tree, and enables the analyst to make the best decision possible (Sevkli et al., 2007). Firstly, there is hierarchical structuring of the complex decision problem. The AHP begins by breaking down a challenging multi-criteria decision-making problem into hierarchical interrelated decision criteria and choices. The hierarchical order is displayed as an overall objective at the top, multiple criteria in the middle, and options at the bottom. Secondly, the criteria and options are compared. After the decomposition of the problem and construction of the hierarchy, it is vital to start the prioritization procedure to determine the relative benefits of the criteria in each level. Using analytical techniques and decision-making tools contributes to the subjective and objective criteria used in supplier selection (Rajesh et al., 2012). The AHP can also help organizations demonstrate transparency in their supplier selection methods by automating a multi-criteria selection framework that is unbiased and systematic. Therefore, the AHP is a proven mechanism for improving the consistency and performance of an organization (Gupta et al., 2013). Thus, there is progress in using the AHP method over time as many studies identify special issues on this topic. Omkarprasad, and Kumar (2006) present the percentage use of the AHP method during certain periods (Figure 2), which illustrate the increasing use of the AHP prior to 1990. 
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Saaty (2012) described eight steps when using the AHP model. First, outline the problem. Second, develop a hierarchical structure of the problem. Third, build up pairwise comparisons among elements. Fourth, gather judgements. Fifth, collect priorities and test their consistency. Sixth, perform the three previous steps for each level. Seventh, calculate the geometric means of the pairwise comparisons of all criteria, and use an indicator to weight the vectors of priorities. Finally, evaluate the consistency of the entire hierarchy by multiplying each consistency index by the priority of the corresponding criterion. The use of the AHP model as a decision aid is very important because of the emphasis it places on the judgement that will affect the outcome of the final project. It makes the decision transparent in all aspects and helps the decision-maker gain insight into why a supplier is selected (Triantaphyllou et al., 1995; Drake et al., 2013; and Malik et al., 2015). 

Marufuzzaman & Ahsan (2009) discussed the AHP process at length to give a clear understanding of the model introduced by Saaty (1980) as a decision aid to help solve unstructured problems in economics and social and management sciences. The AHP, when applied to a complex problem, comprises four major steps breaking down the complex problem into small elements and then structuring them in hierarchical form. The second step involves making a pairwise comparison using ratio scales. The third step includes an evaluation of the relative weights of the elements using the eigenvalue method. The fourth step is the aggregation of these relative weights of the elements and a synthesis for final measurements. 

Koç & Burhan (2014) used the AHP to solve Carglass Turkey’s real-world supplier selection, which resulted in the AHP becoming one of the most convenient methods for complicated decision problems because of its simplicity and feasibility. In addition, Kendrick & Saaty (2007) found that the AHP follows a structured format to improve the decision process. It is based upon four simple steps: 1) develop a tree of business drivers or criteria required to measure the value of the project; 2) compare criteria in accordance with the priorities set to evaluate the decision; 3) rate the criteria using a numerical scale through pairwise comparisons; and 4) optimize the resource allocation by considering the time, cost, and quality allocations to make the final decision.
The AHP has been adapted by many firms to solicit expert judgements. Therefore, the AHP method must be used to determine pre-qualification criteria of the contractors while bidding. Infrastructure projects are very important from the point of view of national development, which can only be guided when good cooperation and understanding is maintained with the contractors. Decision-making information is gathered to make good quality and sound decisions, which need a fundamental understanding. 
Ranking options when selecting bidders is essential because every bidder is competent in their respective field. However, to choose the best, the decision must be made by ranking the priorities and criteria to measure the options. The use of the AHP model as a decision aid is important because it emphasizes the judgement that will affect the outcome of the final project. It makes the decision transparent in all aspects and a better outcome is observed (Triantaphyllou & Mann, 1995). This method has been adopted by different studies, such as Bing & Peng (2012), Molla (2013), and Hosny et al. (2013). Figure 3 outlines the AHP method employed in this research.
Figure 3: Outline of the AHP method 
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However, the AHP also has some weaknesses. The first is the inconvenient implementation owing to its complexity. For example, if more than one person is working on this method, different opinions about the weights of each criterion can complicate matters. The experience, knowledge, and judgement information are required for the AHP, which reflect the subjective matter for each decision-maker. Furthermore, an important drawback of this method with regard to the suppliers’ performance is that it does not reflect risks and uncertainties (Yusuff & Yee, 2001). 

Several studies have focused on the use of the AHP as a framework based on best-value supplier selection. However, the studies have established many shortcomings of the AHP model when selecting suppliers in many countries. Note that countries apply different methods in the tendering process and selection of suppliers (Ohno & Harada, 2006). For instance, countries such as Taiwan and Japan rely on conservative processes involving single government offers, unlike the United States, which has a diversified process (Minutes, 2010; Scott et al., 2006). 

In a country like Japan, approximately 98% of projects in the public sector are conducted using the BV method (Minutes, 2010). In this case, the government officers within the public sector department assign specific scores to the bidders based on subjective judgement. Subsequently, a committee composed of government officers and academics comments on the assigned scores, after which a leader in the procurement department makes the final award decision. Conversely, many public sector departments in the United States use diverse weightings and forms of awarding contracts (Scott et al., 2006). Similarly, studies in the United States often focus on the calculation of the weights of criteria used based on different sources (Abdelrahman et al., 2008). 

In other countries, the public procurement selection committee often applies, such as in Taiwan, where a simple weighting (SW) approach is used (Wang et al., 2013). Consequently, the committee members express their views about the weights freely. The procurement committees often make their final decisions when there is no objection about the weights from any committee member. However, Wang et al. (2013) and Lin (2008) observe that such an approach to the AHP in the assignment of weights lacks rigor and comprehensiveness in capturing the preferences for the criteria weightings. Essentially, this means that such an approach to the application of the AHP model may result in unfairness in the selection process. 

Lin (2008) identified several obstacles associated with the application of the AHP model in supplier selection within the public sector. First, much of the existing body of literature relies on simplified or hypothetical products in their investigation of the AHP in supplier selection (El-Sawalhi et al., 2007; Fong & Choi, 2000). Consequently, this leads to the need for experience and sharing of real-world cases to reduce the risks associated with the violation of strict procurement procedures established in Abu Dhabi. Secondly, the application of the AHP model requires a lengthy and iterative procedure for the improvement of the consistency ratio (CR) if it exceeds 0.1 in the PWM (pairwise comparison) assessment. However, lengthy iterative procedures may delay the implementation of projects in the public sector. Consequently, this would require strategies that shorten the assessment process. 

Nevertheless, Figure 4 illustrates the variations on the use of quantitative to qualitative criteria during this period, and clearly shows the most often-used supplier selection methods from 1960 until the present day.
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Figure 4: Classification of supplier selection methods since 1960
The cited works in this chapter describe the suitability of the AHP as a decision-making framework to facilitate the supplier pre-qualification process. However, as noted earlier, there are substantive differences in the AHP implementation mechanisms. Furthermore, the supply management practices for the UAE construction industry have not attracted enough academic attention. Therefore, this study aims to contribute to the literature by implementing the AHP for contractor/supplier pre-qualification designed for the local environment of the UAE public utilities companies. 

4.3 Data Collection
After building the AHP hierarchy, the next phase is the measurement and data collection. Particulars of the pre-qualification criteria were collected from three public organizations in Abu Dhabi. In line with Saaty’s (1993) recommendations, the questionnaire was designed on a nine-point scale, based on the 6 main criteria and 19 sub-criteria for supplier pre-qualification. The questionnaire was tested using industry experts and academics, and some of the items had to be rephrased to make them more representative of the intended constructs. Evaluation teams, including the heads of procurement departments, completed the survey. The respondents are the key persons in their organizations and have sufficient experience in subject matter. Therefore, we can be confident about the responses’ validity. The recommended geometric mean approach, instead of the arithmetic approach, is used to combine the individual pairwise comparison judgement matrices to obtain a consensus on the pairwise comparisons (Saaty, 1993). The measure of importance is a nine-point scale, ranging from two attributes being equally important to one attribute being absolutely more important than the other, as shown in Table 4. For example, if an evaluator identifies that financial performance is moderately more important than experience, then the former is rated ‘3’ and the latter ‘1/3’, and so on.

Table 4: Pairwise comparison

	Intensity of importance
Definition

Explanation

	1
	Equal importance
	Two criteria contribute equally to the objective

	3
	Moderate importance
	Judgement slightly favours one over another

	5
	Strong importance
	Judgement strongly favours one over another

	7
	Very strong importance
	A criterion is strongly favoured and its dominance is demonstrated in practice

	9
	Absolute importance
	Importance of one over another affirmed on the highest possible order

	2,4,6,8
	Intermediate values
	Used to represent a compromise between

the priorities listed above


To check the consistency of responses, the consistency index (CI) is applied (Saaty, 1990): CI = (λmax – n) / (n -1) (1), where λmax is the maximum eigenvalue of the matrix of the importance ratios and n is the number of factors. Then, the consistency ratio (CR) is used to assess whether a matrix is sufficiently consistent. This is the ratio of the CI to the random index (RI) (see Table 5), which is the CI of a matrix of comparisons generated randomly: CR = CI / RI (2). Random pairwise comparisons have been simulated to produce average random indices for different-sized matrices. The values of RI are given in Table 3 and, according to Saaty (2008), if the value of CR is smaller or equal to 0.10, the inconsistency is acceptable.

Table 5: Random Index

	N
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	RI
	0.00
	0.00
	0.58
	0.90
	1.12
	1.24
	1.32
	1.41
	1.45
	1.48


Source Saaty (2012)
The geometric mean methodology, instead of the arithmetic approach, is proposed by Saaty (1993) to consolidate the individual pairwise comparison judgement matrices to obtain the compromise pairwise comparison matrices for all evaluators. Table 4 displays the geometric means of pairwise comparisons for the main criteria. The next step is to define the relative priorities of criteria by computing the ‘priority vectors’. 

Saaty (1993) presented a ‘consistency principle’ for calculating priority vectors. The consistency principle states that aik = aif . ajk, and subsequent arguments use the special case of the consistency matrix formed by elements aik = wi / wf, where wi and wf are the elements of the priority weight vector corresponding to criteria i and j, respectively.

Chapter V: Framework of Research Model
5.1 Introduction 
The purpose of this research is to identify supplier selection criteria to evaluate the satisfaction of stakeholder’s interests by refining current academic research on the attributes of the evaluation criteria of supplier selection and integrating them with stakeholders’ interest. The next step is to develop a hierarchical model (see Figure 5). The AHP categorizes the goal and all decision criteria and variables into different levels. The first level of the hierarchy is the main goal, that is, the selection of an optimal supplier. Level 2 represents the criteria and sub–criteria used in the pre-qualification of contractors. Level 3 contains the suppliers that require evaluation. Figure 5 represents the hierarchy of the proposed AHP model. 

5.2 Framework
5.2.1 Quality & Safety 

According to the literature review conducted by Rajesh et al. (2012), quality was mentioned as the first of five main criteria in evaluating and selecting suppliers. These criteria are product quality, price, delivery time, services, and warranty. Additionally, Parthiban et al. (2013) mentioned quality as being one of ‘the most widely used criteria for vendor selection’. Rajesh et al. (2012) concluded that the Taguchi loss function is an important method in explaining supplier selection using fundamental criteria, including product quality, offer price, delivery lead time, service, warranty, experience, and financial stability. Furthermore, Dickson (1966),  Karpak et al. (1999), Amid et al. (2011), and Parthiban et al. (2013) all indicate that supplier selection decisions include several criteria, one of which is the quality of product/serveries. The selection and evaluation of suppliers based on the quality criterion enhances firm performance and customer satisfaction. However, the public sector faces challenges in using this criterion because the other criteria also have to be applied. For instance, studies have shown that cost savings surpass the role of quality in public procurement. Consequently, managers within public sector organizations face challenges in sustaining their competitive advantage as they seek to balance quality and cost. The following sub-criteria have been used in this study for the quality and safety criteria in supplier selection.

5.2.1.1 Quality System Implementation & Certification 

According to a study conducted by Ng (2010), where many interviews with supply chain professionals were conducted, system quality and process factors were among the most frequently mentioned attributes/factors for supplier selection in interviewees’ own firms. According to Ng (2010), ‘having adequate quality systems and processes (e.g. control procedures, ISO standards, quality manuals) in place could help; ensuring that products services were delivered with the highest quality standards, which could lead to greater customer satisfaction’. Marufuzzaman et al. (2009) found that system quality ranked in the top criteria in an AHP analysis. Karpak et al. (1999) highlighted the importance of third-party certifications in the selection process as a means of quality implementation assurance. Third-party certifications are an important mechanism for buyers to verify suppliers’ implementations of quality systems. The International Organization for Standardization (ISO), for example, provides auditing and certification services for vendors applying ISO quality standards and controls.
5.2.1.2 Process Control Capability

 Marufuzzaman et al. (2009) present the importance of process control capability when using the AHP methodology. 
5.2.2 Performance 

Many researchers, such as Dickson (1966), Sevkli et al. (2007), and Athawale et al. (2009) specify performance as a main attribute of supplier selection and a means of product process improvement. The selection of the best supplier and the development of an appropriate infrastructure that supports the process have an additional impact on the performance of the organization (Kannan & Choon, 2006). Consequently, managers within the public sector face the challenge of identifying and selecting suppliers with suitable sourcing strategies that would, in turn, improve the performance of the organization and improve stakeholder confidence. Fundamentally, the focus on performance criteria means that organizations have to involve the suppliers in areas such as product design and continuous improvement (Tracey & Leng-Tan, 2001). However, the public sector faces challenges in this area because of the rigid structures involved in the procurement process. The past performance of a supplier is measured using the following sub-criteria. 
5.2.2.1 Past Performance
It was found that past performance is the most important attribute for supplier selection, according to Aretoulis et al. (2010). Vijayvagy (2012) indicates that without being able to provide past standard production, such as technical documents, company activity performance, and all required documents will result in the supplier failing to meet the standard. Furthermore, Kannan & Choon (2006) use past and current supplier relationships along with performance history as essential criteria for the selection of vendors. 
5.2.2.2 Product Quality

Rajesh et al. (2012) and Narasimhan et al. (2006) consider using product quality criteria in supplier selection, which is an important attribute to satisfy end users by meeting standard requirements. 
5.2.2.3 Post-sales Service

Product improvements and customer satisfaction are essential for researchers while conducting supplier selection. This is to meet users’ requirements after delivery, according to Vonderembse et al. (1999) and Rajesh et al. (2012).

5.2.2.4 Delivery Lead-time 
Rajesh et al. (2012) state that delivery lead time is an important aspect in supplier stability and acceptability. Amid et al. (2011) identified several criteria and sub-criteria for supplier selection. Quality net cost and services were proposed as the main criteria, and then segregated into sub-criteria. For example, under services, they proposed determining the on-time deliveries percentage. Athawale et al. (2009) presented delivery performance as one of the most important criteria from 23 attributes, and measure it as the percentage of purchase orders delivered within the required delivery time. Sevkli et al. (2007) considered that lead time must meet the confidentiality of the customer. A recent survey noted that a major problem with lead times is transportation delays (Min, 1994). Xia et al. (2007) produced a multi-objective model that maximizes time delivery. 
5.2.3 Manpower/Organization 

Decisions related to the selection of appropriate suppliers require intuitive and strategic thinking, which is often time consuming. Dickson (1966) identified more than 20 organizational and supplier attributes and identify trade-offs that purchasing managers should consider when making procurements. The challenge pertinent to the organization involves the decision on whether the organization is ready to proceed with the procurement decision. The decision goes beyond cost or price considerations. In this case, it becomes crucial and challenging for organizations to include the available manpower in the purchasing decision (Ellram, 1990). In essence, the consideration of the available manpower requires strategic considerations and the management of relationships.
Organizational structure is considered an important criterion for supplier selection (Amid et al., 2011; Sevkli et al., 2007; Parthiban et al., 2013).  Vijayvagy (2012) includes organization culture in the research model. The quality and experience of the personnel is also important, and Kannan et al. (2002) present several supplier assessment criteria to create the best supplier communication relationship, including capability and technical expertise.
5.2.3.1 Organization Structure 
Sevkli et al. (2008) and Marufuzzaman et al. (2009) illustrate the importance of human capital capacity and the impact of the organization structure on its ability to deliver products/services on time and with high quality.

5.2.3.2 Reputation

Chan et al. (2007) and Sevkli et al. (2007) present reputation as sub-criteria in the supplier selection process. Suppliers with a good reputation will try to maintain their reputation-derived equity, which results in better service and higher quality products provided to customers.

5.2.4  Financial Performance 

5.2.4.1 Previous-year Turnover 
Marufuzzaman et al. (2009) state the importance of the previous year’s turnover and financial information in the supplier selection process. Supporting this, Hong et al. (2013) tested 5 criteria and 10 sub-criteria, including the financial situation of enterprises, production capacity, delivery efficiency, and cost.

5.2.4.2 Financial Stability 
Koksal (2011) indicated qualification criteria for business and procurement processes, where the most important aspects were financial capability, the documents issued by banks, the balance sheet of the tenderer, documents showing the business volume of the contractor, and professional and technical capability. Supporting this, Rajesh et al. (2012) and Min (1994) highlight the important of financial stability and capability.

5.2.5 Facilities: Offices/Equipment 
According to Ancarani & Capaldo (2005), the main external forces that drive procurement decisions in the public sector include the presence of competitors and the pressure of cost reduction. The decisions involved in selecting an appropriate supplier should consider the availability of facilities that support the decisions. In some cases, the outsourcing of services as a form of procurement aims to increase organizational effectiveness and efficiency while maximizing the use of available facilities. 

5.2.5.1 Adequacy of Office Space 

The adequacy of office space/automation/hardware and software, manufacturing capabilities, and suppliers’ logistics are main criteria that must be considered when selecting suppliers (Sevkli et al., 2007; Cebi et al., 2003).
5.2.5.2 Production Capacity 
Sevkli et al. (2008) and Sevkli et al. (2007) introduce production capacity as a sub-criterion in their proposed model. Parthiban et al. (2013) indicate that production capacities are vital when selecting suppliers because they recognize machine capacity and process flexibility.

5.2.5.3 Continuous Improvement 
Parthiban et al. (2013) found out that it is important to evaluate suppliers based on their challenges and the opportunities they have to solve them. Sevkli et al. (2007), Perçin (2006) and Kannan et al. (2002) introduced the importance of continuous improvement of the product and its process, and use these as main and sub-criteria in their proposed models of optimal supplier judgement.

5.2.6 Costs


The selection and evaluation of suppliers based on the cost quality aims to improve stakeholder satisfaction. Essentially, purchasing managers should select suppliers based on low costs, while also considering the quality and delivery performance of the supplier. 

5.2.6.1 Total Cost 
It is usual to select suppliers without paying attention to total cost (direct and indirect costs). Nonetheless, many researchers illustrate the important of total cost in the supplier selection process (Nadeem et al., 2014; Min, 1994; Ku et al., 2010; Sevkli et al., 2008; Kannan et al., 2002; Rajesh et al., 2012).
5.2.6.2 Payment Terms
Many researchers note that payment terms is an important attribute while selecting suppliers (Nadeem et al., 2014; Min, 1994). Table 6 presents the full list of criteria and sub-criteria for supplier selection used in this research.

Table 6: Criteria and sub-criteria of supplier pre-qualification

	Main Criteria
	Sub Criteria
	References

	Quality & Safety Policy (QS)
	1. Quality system implementation and certification (QS1)

2. Quality assurance (QS2)

3. Process control capability (QS4).
	(Marufuzzaman et al., 2009), (Ng, 2010), (Nadeem et al., 2014), (Perçin, 2006), (Karpak et al., 1999)

(Sevkli et al., 2007), (Min, 1994), (Chan & Kumar, 2007), (Perçin, 2006), (Sevkli et al., 2008)

	Performance (PR)


	1. Past performance (PR1) 

2. Product specialization(PR2)

3. Post-sales services (PR3) 
4. Delivery lead time (PR4)
	(Aretoulis et al., 2010), (Vijayvagy, 2012), (Ng, 2010), (Ku et al., 2010), (Kannan & Tan, 2002)

(Rajesh et al., 2012), (Ram Narasimhan et al., 2006), (Rajesh et al., 2012), (Karpak et al., 1999), (Amid et al., 2011)

	Manpower & Organization (MO)
	1. Quality and Experience of Manpower (MO1)

2. Organization Structure (MO2)

3. Reputation (MO3)
	(Kannan & Tan, 2002), (Sevkli et al., 2007), (Sevkli et al., 2008), (Kannan & Tan, 2002), (Marufuzzaman & Ahsan, 2009),
(Chan & Kumar, 2007), (Sevkli et al., 2007)

	Financial Performance (FP)
	1 Previous-year turnover (FP1)

2 Financial stability (FP2)
	(Hong et al., 2013), (Marufuzzaman & Ahsan, 2009), (Rajesh et al., 2012), (Koksal, 2011), (Min, 1994)

	Facilities- Offices/Equipment (FO)
	1. Adequacy of office space (FO1)

2. Production capacity (FO2)

3. Continuous improvement (FO3)


	(Sevkli et al., 2007), (Cebi & Bayraktar, 2003),
(Sevkli et al., 2007), (Parthiban et al., 2013), (Chan & Kumar, 2007), (Xia & Wu, 2007), (Sevkli et al., 2008), (Parthiban et al., 2013)

	Costs (CO)
	1 Total cost (CO1)

2 Payment terms (CO2)
	(Nadeem et al., 2014), (Min, 1994), (Ku et al., 2010), (Sevkli et al., 2008), (Kannan & Tan, 2002), (Rajesh et al., 2012),
(Nadeem et al., 2014), (Min, 1994)


Figure 5: Proposed Model
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Chapter VI: Results
6.1 Introduction 

             The objectives of the study were to identify and understand the criteria used for supplier selection for critical and non-critical materials in order to develop a framework of supplier selection applicable to public organizations in Abu Dhabi. This chapter is organized into two sections. The first presents the results of critical items, and the second presents the results of non-critical items. 
6.2 Critical Items 

Table 7: Pairwise comparison matrix for main criteria with priority weights
	
	Quality & Safety
	Performance
	Manpower/ organization
	Financial performance
	Facilities office

/equipment
	Cost
	Stakeholders’ interests
	Priority weight

	Quality & Safety
	0.48
	0.79
	0.42
	0.21
	0.24
	0.15
	0.14
	0.35

	Performance
	0.07
	0.12
	0.47
	0.35
	0.25
	0.21
	0.14
	0.23

	Manpower/ organization
	0.08
	0.02
	0.07
	0.37
	0.24
	0.17
	0.14
	0.16

	Financial performance
	0.10
	0.02
	0.01
	0.05
	0.24
	0.20
	0.20
	0.12

	Facilities office/equipment
	0.07
	0.02
	0.01
	0.01
	0.04
	0.22
	0.15
	0.07

	Cost
	0.09
	0.02
	0.01
	0.01
	0.01
	0.03
	0.20
	0.05

	Stakeholders’ interests
	0.09
	0.02
	0.01
	0.01
	0.01
	0.00
	0.02
	0.02

	CR = 0.08 <  0.10 (acceptable)


Table 7 reveals that the quality & safety policy (QS) criterion is considered the most important, followed by performance (PP). Manpower/organization (MP), financial performance (FP), facilities office/equipment, and cost were ranked third, fourth, fifth, and sixth, respectively, with stakeholders’ interests (ST) being considered the least important criterion.

                 To gain a better understanding of the priorities reported in Table 7, a pairwise comparison of the sub-criteria within each criterion is carried out based on the consensus of responses of the evaluators for the critical items (Table 7 to Table 14) and non-critical items (Table 15 to Table 21). 
                  As shown in Figure 5, each criterion was further divided in level 2 into common indicators (sub-criteria) of the main criteria. For quality & safety (QS), quality system implementation and certification (QS1), quality assurance (QS2), and process control capability (QS3) were the sub-criteria. Table 8 gives the priorities from the pairwise comparison for the three QS sub-criteria. The quality of system implementation and certification (QS1) is heavily favoured over quality assurance (QS2), followed by process control capability (QS3), which was ranked as the least important. 
Table 8: Geometric means of pairwise comparisons for quality and safety

	
	QS1
	QS2
	QS3
	Priority weight

	QS1
	1.00
	9.00
	7.00
	0.70

	QS2
	0.11
	1.00
	9.00
	0.24

	QS3
	0.14
	0.11
	1.00
	0.06

	CR = 0.04 <  0.10 (acceptable)


Table 9: Geometric means of pairwise comparisons for performance
	
	PE1
	PE2
	PE3
	PE4
	Priority weight
	

	PE1
	1.00
	6.00
	7.00
	6.00
	5.44
	

	PE2
	0.17
	1.00
	6.00
	5.00
	3.59
	

	PE3
	0.14
	0.17
	1.00
	6.00
	2.46
	

	PE4
	0.17
	0.20
	0.17
	1.00
	1.03
	

	CR = 0.03 < 0.10 (acceptable)


Similarly, within the performance criteria (PE), past performance (PE1), product quality , and past sales services (PE2) & (PE3) are considered important. The importance of the fourth sub-criteria of the attitude towards the claim (PE4) is the least.

Table 10: Geometric means of pairwise comparisons for manpower/organization

	
	MO1
	MO2
	MO3
	Priority weight

	MO1
	1.00
	8.00
	7.00
	0.71

	MO2
	0.13
	1.00
	7.00
	0.22

	MO3
	0.14
	0.14
	1.00
	0.06

	CR = 0.02 < 0.10 (acceptable)


For manpower/organization (MO), the quality and experience of manpower (MO1) was evaluated as the most important sub-criterion (Table 10). The next most important consideration was recent activity of the suppliers, as measured by the organization structure (MO2). Reputation (MO3) was ranked the least important.
Table 11: Geometric means of pairwise comparisons for financial performance

	
	FP1
	FP2
	Priority weight

	FP1
	1.00
	8.00
	0.88

	FP2
	0.13
	1.00
	0.12

	CR = 0.00 < 0.10 (acceptable)


Within the financial performance (FP) criterion (Table 11), the evaluators rated the previous year’s turnover (FP1) as the most desired sub-criterion, followed by financial stability (FP2). 

Table 12: Geometric means of pairwise comparisons for facilities office/equipment

	
	FO1
	FO2
	FO2
	Priority weight

	FO1
	1.00
	6.00
	5.00
	0.67

	FO2
	0.17
	1.00
	5.00
	0.24

	FO3
	0.20
	0.20
	1.00
	0.09

	CR = 0.04 < 0.10 (acceptable)


Table 12 shows that the facilities office/equipment (FO) main criterion was sub-divided into adequacy of office space (FO1), production capacity (FO2), and continuous improvement (FC3). 

Table 13: Geometric means of pairwise comparisons for cost

	
	CO1
	CO2
	Priority weight

	CO1
	1.00
	7.00
	0.83

	CO1
	0.14
	1.00
	0.17

	CR = 0.00 < 0.10 (acceptable)


Table 13 shows that the cost (CO) main criterion was sub-divided into total cost (CO1) and payment terms (CO2). 
Table 14: Geometric means of pairwise comparisons for stakeholders’ interests
	
	TS1
	ST2
	Priority weight

	ST1
	1.00
	5.00
	0.89

	ST2
	0.20
	1.00
	0.11

	CR = 0.00 < 0.10 (acceptable)


Table 14 shows that the stakeholders’ interests (SI) main criterion was sub-divided into stakeholders’ magnitude (SI1) and stakeholders’ power (SI2).
6.3  Results for Non-critical Items

Table 15: Pairwise comparison matrix for main criteria with priority weights
	
	Quality & Safety
	Performance
	Manpower/ organization
	Financial performance
	Facilities office

/equipment
	Cost
	Stakeholders’ interests
	Priority weight

	Quality & Safety
	0.50
	0.79
	0.49
	0.30
	0.18
	0.19
	0.13
	0.37

	Performance
	0.07
	0.12
	0.39
	0.33
	0.28
	0.20
	0.15
	0.22

	Manpower/ organization
	0.07
	0.02
	0.07
	0.31
	0.23
	0.22
	0.15
	0.15

	Financial performance
	0.08
	0.02
	0.01
	0.05
	0.26
	0.14
	0.16
	0.10

	Facilities office/equipment
	0.10
	0.02
	0.01
	0.01
	0.04
	0.22
	0.17
	0.08

	Cost
	0.08
	0.02
	0.01
	0.01
	0.01
	0.03
	0.20
	0.05

	Stakeholders’ interests
	0.09
	0.02
	0.01
	0.01
	0.01
	0.00
	0.02
	0.02

	CR = 0.08 < 0.10 (acceptable)


According to Table 15, respondents consider the quality & safety policy (QS) criterion as the most important factor, followed by performance (PP). Manpower/organization (MP), financial performance (FP), facilities office/equipment, and cost were ranked third, fourth, fifth, and sixth, respectively, with stakeholders’ interests (SI) being considered the least important criterion by the three teams of the evaluators. 

To gain a better understanding of the priorities reported in Table 15, a pairwise comparison of the sub-criteria within each criterion is also carried out, based on the responses of the evaluators (Tables 16 to 21). Table 16 gives the priority listing of the consensus pairwise comparison for the three QS sub-criteria. The quality system implementation and certification (QS1) is heavily favoured over quality assurance (QS2). 
Table 16: Geometric means of pairwise comparisons for quality and safety

	
	QS1
	QS2
	QS3
	Priority weight

	QS1
	1.00
	7.33
	7.00
	5.11

	QS2 
	0.14
	1.00
	8.70
	3.28

	QS3
	0.14
	0.11
	1.00
	0.42

	CR = 0.02 < 0.10 (acceptable)


Table 17: Geometric means of pairwise comparisons for performance

	
	PE1
	PE2
	PE3
	PE4
	Priority weight
	

	PE1
	6.20
	7.50
	6.15
	6.20
	5.21
	

	PE2
	1.00
	6.50
	7.80
	1.00
	3.87
	

	PE3
	0.15
	1.00
	6.40
	0.15
	1.92
	

	PE4
	0.13
	0.16
	1.00
	0.13
	0.36
	

	CR = 0.03 < 0.10 (acceptable)


Similarly, within the performance criteria (PE), past performance (PE1), product quality , and past sales services (PE2) & (PE3) are considered important. The importance of the fourth sub-criteria of the attitude towards the claim (PE4) is the least.

Table 18: Geometric means of pairwise comparisons for manpower/organization

	
	MO1
	MO2
	MO3
	Priority weight

	MO1
	1.00
	7.40
	7.40
	5.22

	MO2 
	0.14
	1.00
	6.40
	2.71

	MO3
	0.14
	0.16
	1.00
	0.43

	CR = 0.04 < 0.10 (acceptable)


For the manpower/organization criterion (MO), the quality and experience of manpower (MO1) was evaluated as the most important sub-criterion (Table 18).

Table 19: Geometric means of pairwise comparisons for financial performance

	
	FP1
	FP2
	Priority weight

	FP1
	1.00
	6.70
	4.33

	FP2
	0.15
	1.00
	0.57

	CR = 0.00 < 0.10 (acceptable)


Within the financial performance criterion (FP) (Table 19), the evaluators rated the previous year’s turnover (FP1) as the most desired sub-criterion, followed by financial stability (FP2).
Table 20: Geometric means of pairwise comparisons for facilities office/equipment

	
	FO1
	FO2
	FO2
	Priority weight

	FO1
	1.00
	6.50
	6.00
	4.13

	FO2
	0.15
	1.00
	6.40
	1.92

	FO2
	0.17
	0.16
	1.00
	0.47

	CR = 0.04 < 0.10 (acceptable)


Table 20 shows the facilities office/equipment (FO) main criterion was sub-divided into adequacy of office space (FO1), production capacity (FO2), and continuous improvement (FC3). 
Table 21: Geometric means of pairwise comparisons for cost

	
	CO1
	CO2
	Priority weight

	CO1
	1.00
	7.35
	2.90

	CO1 
	0.14
	1.00
	0.60

	CR = 0.00 < 0.10 (acceptable)


Table 21 shows that the cost main criterion (CO) was sub-divided into total cost (CO1) and payment terms (CO2). The evaluators rated CO1 higher than CO2. 

Table 22: Geometric means of pairwise comparisons for stakeholders’ interests
	
	ST1
	ST2
	Priority weight

	ST1
	1.00
	7.20
	3.20

	ST2 
	0.14
	1.00
	0.59

	CR = 0.00 < 0.10 (acceptable)


Table 22 shows that the stakeholders’ interest main criterion (SI) was sub-divided into stakeholders’ magnitude (ST1) and stakeholders’ power (ST2). The evaluators rated SI1 higher than S12.
6.4 Chapter Summary 
This chapter provided the results of several statistical analyses conducted to test the research model. However, the research question (What supplier selection criteria should public organizations in the UAE use, considering stakeholders’ interests and the impact of supplier selection?) was answered through the proposed tested model. A discussion of these results is presented in the next chapter, along with the implications and recommendations for future research.

Chapter VII: Discussion, Implications, and Recommendations
7.1 Discussion
7.1.1 Discussion of Critical Items

Table 8 reveals that pairwise comparison for main criteria beginning by quality & safety policy (QS) criterion is considered the most important by the respondents, with a priority weight of 35%, followed by performance (PP), which had a competitive priority of 23%. Manpower/organization (MP), financial performance (FP), facilities office/equipment, and cost were ranked third, fourth, fifth, and sixth, respectively, with stakeholders’ interests (ST) being considered the least important criterion (2%) by the three teams of evaluators. Note that the consensus responses fulfil the acceptable consistency ratio (CR) requirement. 

To gain a better understanding of the priorities reported in Table 7, a pairwise comparison of the sub-criteria within each criterion is also carried out, based on the responses of the evaluators (Tables 8 to 14). As shown in Figure 3, each criterion was further divided in level 2 into common indicators (sub-criteria) of the main criterion. For quality & safety (QS), the quality of system implementation and certification (QS1), quality assurance (QS2), and process control capability (QS3) were the sub-criteria. Table 8 gives the priority listing of the pairwise comparisons for the three QS sub-criteria. The quality system implementation and certification (QS1) is heavily favoured (70%) over quality assurance (QS2), which had a priority ranking of 24%. This indication is important for manufacturers because the assurance of quality begins with requirements generation and then cascades, in stages, throughout the product or service life cycle. Process control capability (QS3) was ranked the least important. This may be because of the complicated process and systems used within the process to measure production over time.

Similarly, within the performance criteria (PE), past performance (PE1), product quality , and past sales services (PE2) & (PE3) are considered important. The importance of the fourth sub-criteria of the attitude towards the claim (PE4) is the least. With a priority score of 54% and 36%, respectively (Table 9). The importance of the fourth and sub-criterion of the attitude towards the claim (PE4) were low, at almost 44%, in comparison to (PE1), (PE2), and (PE3). This is understandable because past performance, delivery lead times, and post-sales service are considered the main performance measures of utility suppliers, especially in the Gulf.

For the manpower/organization (MO), quality and experience of manpower (MO1) was evaluated as the most important sub-criterion at 71% (Table 10). This is because of the positive connection between labour and demand. The next most important consideration was found to be the recent activity of the suppliers, as measured by the organization structure (MO2), with a rating of 22%. A public organization is a tall organization, which requires a good organization structure in order to perform its services. Reputation (MO3) was ranked as the least important, at 6%. However, trust and confidence through good reputation will affect the selection process.

Within the financial performance criterion (FP) (Table 11), the evaluators rated the previous year’s turnover (FP1) as the most desired sub-criterion, at 88%, followed by financial stability (FP2) at 12%. This is understandable, because the previous year’s turnover is considered one of the main financial performance measures of utility suppliers. As the last ranked least due consideration of market inflation for stability purpose.

Table 12 shows that the facilities office/equipment (FO) main criterion was sub-divided into adequacy of office space (FO1), the production capacity (FO2), and continuous improvement (FC3). The evaluators rated FO1 at 67%, which is understandable because the supplier with proper space and facilities will have access to better management operation. Subsequently, the production capacity measures the capacity of the supplier in producing the product with the current resources and on time. The least important is the need for the continuous improvement. This needs the use of technology, which can only be possible for improving products, services, and delivery. This makes sense because not all plants and suppliers have such facilities owing to their expense, and they may depend on outsourcing. 

Table 13 explains the cost (CO) main criterion was sub-divided into total cost (CO1) and payment terms (CO2). The evaluators rated CO1 at 83%, which is higher than total payment terms. This is reasonable because the total cost is most important for any organization as the terms can be negotiated without the liability.

Table 14 explains the stakeholders’ interests (ST) main criterion was sub-divided into stakeholders’ magnitude (ST1) and stakeholders’ power (ST2). The evaluators rated ST1 at 89%, which is higher than stakeholders’ power. This may explain their perception of the value the product and suppliers represent to them and to the organization. Stakeholders’ power is important, even if it is ranked last, because it influences the purchasing situation. As a result, evaluators highlight stakeholders’ thinking in terms of its importance to the organization’s objectives over using their power to influence the purchasing situation.

7.1.2  Discussion of Non-critical Items

Table 15 reveals that the quality & safety policy (QS) criterion is considered the most important by the respondents, with a priority weight of 37%, followed by performance (PP), which had a competitive priority of 22%. Manpower/organization (MP), financial performance (FP), facilities office/equipment, and cost were ranked third, fourth, fifth, and sixth, respectively, with stakeholders’ interests (ST) being considered the least important criterion (2%) by the three teams of the evaluators. Note here that the consensus responses fulfil the acceptable consistency ratio (CR) requirement. 

To gain a better understanding of the priorities reported in Table 15, a pairwise comparison of the sub-criteria within each criterion is also carried out based on the responses of the evaluators (Tables 16 to 22). As shown in Figure 2, each criterion was further divided in level 2 into common indicators (sub-criteria) of the main criteria. For quality & safety (QS), the quality system implementation and certification (QS1), quality assurance (QS2), and process control capability (QS3) were the sub-criteria. Table 5 gives the priorities of the pairwise comparisons for the three QS sub-criteria. The quality system implementation and certification (QS1) is heavily favoured (51%) over quality assurance (QS2), which was given a priority ranking of 33%. This indication is important for the manufacturer because the assurance of quality begins with requirements generation and then cascades, in stages, throughout the product or service life cycle. Process control capability (QS3) was ranked as the least important. This may be because of the complicated process and systems used to measure production over time.

Similarly, within the performance (PE) criteria, past performance (PE1) and product specialization (PE2) are considered very important, with priority scores of 52% and 39%, respectively (Table 17). The importance of the third and fourth sub-criteria of the attitude towards the claim (PE3) and (PE4) were low, at almost 40%, in comparison to (PE1) and (PE2). This is understandable because past performance, delivery lead times, and post-sales service are the main performance measures of utility suppliers in the Gulf.

 For the manpower/organization (MO), the quality and experience of manpower (MO1) were evaluated as the most important sub-criteria, at 52% (Table 18). This is because of the positive connection between labour and demand. The next most important consideration was found to be the recent activity of suppliers, as measured by the organization structure (MO2), with a rating of 27%. A public organization is tall, requiring a well-organized structure to perform its services. Reputation (MO3) was ranked as the least important at 4%, because it is considered by the decision-maker to be the least important, especially for the non-critical items. However, trust and confidence will affect the selection process.

Within the financial performance (FP) criterion (Table 19), the evaluators rated the previous year’s turnover (FP1) as the most desired sub-criterion at 43%, followed by financial stability (FP2) at 6%. This is understandable because the previous year’s turnover is considered the main financial performance measure of utility suppliers. As the last ranked least due consideration of market inflation for stability purpose.

Table 20 shows the facilities office/equipment (FO) main criterion was sub-divided into adequacy of office space (FO1), production capacity (FO2), and continuous improvement (FC3). The evaluators rated FO1 at 41%, which is understandable, because the supplier with proper space and facilities will have the best management operation. Subsequently, production capacity measures the capacity of the supplier to produce the product with the current resources and on time. The least important is the need for continuous improvement, which warrants the use of technology. This is only possible when improving products, services, and delivery. Not all plants and suppliers will have such facilities owing to their expense, and they may depend on outsourcing, especially for non-critical items. 

Table 21 shows that the cost (CO) main criterion was sub-divided into total cost (CO1) and payment terms (CO2). The evaluators rated CO1 at 30%, which is higher than the payment terms. This is reasonable because total cost is important to any organization because the terms can be negotiated, especially those without liability.

Table 22 shows that the stakeholders’ interests (ST) main criterion was sub-divided into stakeholders’ magnitude (ST1) and stakeholders’ power (ST2). The evaluators rated ST1 at 32%, which is higher than stakeholders’ power. This shows their perception of the value the product and suppliers represent to them and to the organization. However, stakeholders’ power is important because it influences the purchasing situation. As a result, evaluators highlight stakeholders’ thinking in terms of its importance to the organization’s objectives over using their power to influence the purchasing situation.

7.1.3 Discussion Summary 

The above analysis and discussion show the similarities between the results of criteria for critical and non-critical items, expect in some cases such as costs, where the evaluators found this to be less important for the non-critical items. Similar to the cost, the evaluators rated the importance of stakeholders as less important for critical items. This is may indicate that for critical items, they do not have much influence, which is a good sign for the management of the critical item infrastructure in the sector. However, the similarities in the results for the three major items of quality, manpower, and performance are supported by the literature. 

7.2  Theoretical and Practical Implications 

Few studies have investigated the AHP model in terms of the pre-qualification of suppliers in the UAE public sector. The fact that supplier selection is very important, especially in public organizations, made it important to develop a comprehensive selection model. In doing so, a distinction must be made within the model between two main opposing purchasing situations, namely critical and non-critical decisions. The AHP model is one of the most popular and widely adopted models for supplier selection today because of its unique advantages over other techniques (Ho et al., 2011). In this study, various areas were assessed concerning quality, delivery, performance, manpower, financial performance, equipment, cost, and stakeholders’ interests. The AHP model was constructed using these factors. The study also encompasses the selection process in the public sector. Public organizations face unique challenges such as tough regulations and strict audits/controls. Therefore, the proposed model accounts for most of such unique characteristics of organizations in the public sector to give procurement practitioners a working model to help them to enhance their supplier selection processes.

The results of this study indicate that the weights of the supplier selection criteria calculated by the AHP model are in line with actual supplier selection decisions of procurement supervisors. Theoretically, tender evaluations in public sector procurement rely on quality, price, and delivery. This is in line with the empirical findings, in which the most important criteria to the supervisors facilitating the supplier selection process are quality and performance. 

This enhanced process is necessary because the UAE economy is growing every year and must consider the best suppliers to deliver the required services. Therefore, the empirical study found that the pairwise comparisons are consistent with the measurements considered by the AHP method. However, this measurement, called the CR, allows supervisors to detect subjective misjudgements using comparisons. The use of the AHP enables government companies in the power and water sectors with large buying transactions, using pairwise comparisons, to reflect on their own management plans so that the benchmarks can provide the best solutions to meet their existing and future business plans and, hence, selecting the correct suppliers to deliver power and water services.

7.3 Recommendations, Limitations, and Future Research
Supplier selection, which is one of the organization's most essential procedures, must be considered efficiently by decision-makers. Therefore, supplier selection is assessed by analysts over a long time and in an extensive system comprising procedures from trials to analytical procedures. Its productive applications are performed in various areas. In this study, supplier selection was considered as a MCDM problem and a model was proposed utilizing the AHP. The assessment criteria were produced using the structure of the business. Furthermore, the model was connected to a real contextual analysis. The selection of suppliers by utilizing the AHP is endorsed by professional procurement managers. 

Another critical finding is that the proposed model mirrors the connection between how the choice criteria influence the selected suppliers and their importance to the providers. This study draws us one stage nearer to using the AHP in real circumstances. We surmise that this study can be extended by including stakeholders’ interests, costs, and experience.
The results conclude that the most important factors for supplier evaluation in the UAE public sector are quality and safety policies, followed by suppliers’ performance. This indicates that procurement specialists in public organizations in the UAE see reliable quality and performance of its suppliers as important factors in delivering their own services/products, and such results are in line with the literature, as illustrated by Aretoulis et al. (2010), Vijayvagy (2012), Ng (2010), Ku et al. (2010), Kannan & Tan (2002), Rajesh et al. (2012), Narasimhan et al. (2006), Karpak et al. (1999), and Amid et al. (2011). Suppliers’ facilities and costs and stakeholders’ interests are considered the least important criteria by the three teams of evaluators. 
The validated AHP framework can now easily be applied to the procurement decisions of public organizations carrying out similar activities in order to achieve better supply outcomes for critical products. However, there are some limitations to this research that should be addressed in future research. Firstly, we focus on utility organizations in this study. For wider coverage of the proposed AHP framework, other public organizations may also be included. Secondly, a comparison with the supplier pre-qualification criteria in public and private organizations may yield a more robust framework. Thirdly, priorities reflected in the AHP evaluations in this study pertain to the UAE only, and extending this to the other Middle Eastern and North African (MENA) countries may highlight the similarities or differences in the purchasing practices of regions that share a similar cultural heritage. 
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Appendix 1

Questionnaires

Pairwise Comparison- Example


Each section in this questionnaire consists of a number of question sets. Each question within a question set asks you to compare two factors/criteria at a time (i.e. pairwise comparisons). E.g.  If you think Learning environment is Strongly Important than Cost then put (X) on “Strong importance” as shown in the example below. Similarly if you think learning environment has very less importance then personal development put (X) on “Very less importance” as shown in the example below;

Example

	
	Absolutely less importance
	Very less importance
	Less  importance
	Slightly less importance
	Equal importance
	Slight importance
	Strong importance
	Very strong importance
	Absolute importance
	

	Learning environment
	
	
	
	
	
	
	
	
	
	Cost

	Learning environment
	
	
	
	
	
	
	
	
	
	Personal development


Section 1-General information:

	Name:  

	Degree Program: 

	University Name:

	No of years in particular university: 

	Telephone/ Email address: 


Section 2: The relative importance of main criteria

	
	Absolutely less importance
	Very less importance
	Less

importance
	Slightly less importance
	Equal importance
	Slight importance
	Strong importance
	Very strong importance
	Absolute importance
	

	Quality & Safety
	
	
	
	
	
	
	
	
	
	Performance

	Quality & Safety
	
	
	
	
	
	
	
	
	
	Manpower/  Organization

	Quality & Safety
	
	
	
	
	
	
	
	
	
	Financial performance

	Quality & Safety
	
	
	
	
	
	
	
	
	
	Facilities office/equipment

	Quality & Safety
	
	
	
	
	
	
	
	
	
	Cost

	Quality & Safety
	
	
	
	
	
	
	
	
	
	Stake Holder interest

	Performance
	
	
	
	
	
	
	
	
	
	Manpower/  organization

	Performance
	
	
	
	
	
	
	
	
	
	Financial performance

	Performance
	
	
	
	
	
	
	
	
	
	Facilities office/equipment

	Performance
	
	
	
	
	
	
	
	
	
	Cost

	Performance
	
	
	
	
	
	
	
	
	
	Stake Holders Interest

	Manpower/  organization
	
	
	
	
	
	
	
	
	
	Financial performance

	Manpower/  organization
	
	
	
	
	
	
	
	
	
	Facilities office/equipment

	Manpower/  organization
	
	
	
	
	
	
	
	
	
	Cost

	Manpower/  organization
	
	
	
	
	
	
	
	
	
	Stake Holders Interest

	Financial performance
	
	
	
	
	
	
	
	
	
	Facilities office/equipment

	Financial performance
	
	
	
	
	
	
	
	
	
	Cost

	Financial performance
	
	
	
	
	
	
	
	
	
	Stake Holders Interest

	Facilities office/equipment
	
	
	
	
	
	
	
	
	
	Cost

	Facilities office/equipment
	
	
	
	
	
	
	
	
	
	Stake Holders Interest

	Cost
	
	
	
	
	
	
	
	
	
	Stake Holders Interest


Section 3: The relative importance of Sub criteria

3.1. Relative importance of Quality and Safety 

	
	Absolutely less importance
	Very less importance
	Less

importance
	Slightly less importance
	Equal importance
	Slight importance
	Strong importance
	Very strong importance
	Absolute importance
	

	Quality system implementation and certification
	
	
	
	
	
	
	
	
	
	Quality assurance

	Quality system implementation and certification
	
	
	
	
	
	
	
	
	
	Process control capability

	Quality assurance
	
	
	
	
	
	
	
	
	
	Process control capability


3.2. Relative importance of Performance

	
	Absolutely less importance
	Very less importance
	Less

importance
	Slightly less importance
	Equal importance
	Slight importance
	Strong importance
	Very strong importance
	Absolute importance
	

	Past performance
	
	
	
	
	
	
	
	
	
	Product specialization

	Past performance
	
	
	
	
	
	
	
	
	
	Post sales services

	Past performance
	
	
	
	
	
	
	
	
	
	Delivery  lead time

	Product specialization
	
	
	
	
	
	
	
	
	
	Post sales services

	Product specialization
	
	
	
	
	
	
	
	
	
	Delivery  lead time

	Post sales services
	
	
	
	
	
	
	
	
	
	Delivery  lead time


3.3. Relative importance of Manpower & organization

	
	Absolutely less importance
	Very less importance
	Less

importance
	Slightly less importance
	Equal importance
	Slight importance
	Strong importance
	Very strong importance
	Absolute importance
	

	Quality and Experience of Manpower
	
	
	
	
	
	
	
	
	
	organization Structure

	Quality and Experience of Manpower
	
	
	
	
	
	
	
	
	
	Reputation

	organization Structure
	
	
	
	
	
	
	
	
	
	Reputation


3.4. Relative importance of Financial Performance

	
	Absolutely less importance
	Very less importance
	Less

importance
	Slightly less importance
	Equal importance
	Slight importance
	Strong importance
	Very strong importance
	Absolute importance
	

	Last year turnover
	
	
	
	
	
	
	
	
	
	Financial stability


3.5. Relative importance of Facilities – Offices/Equipment

	
	Absolutely less importance
	Very less importance
	Less

importance
	Slightly less importance
	Equal importance
	Slight importance
	Strong importance
	Very strong importance
	Absolute importance
	

	Adequacy of office space
	
	
	
	
	
	
	
	
	
	Production capacity

	Adequacy of office space
	
	
	
	
	
	
	
	
	
	Continuous improvement

	Production capacity
	
	
	
	
	
	
	
	
	
	Continuous improvement


3.6. Relative importance of Costs

	
	Absolutely less importance
	Very less importance
	Less

importance
	Slightly less importance
	Equal importance
	Slight importance
	Strong importance
	Very strong importance
	Absolute importance
	

	Total Cost
	
	
	
	
	
	
	
	
	
	Payment Terms


3.7. Relative importance of Stakeholders Interest

	
	Absolutely less importance
	Very less importance
	Less

importance
	Slightly less importance
	Equal importance
	Slight importance
	Strong importance
	Very strong importance
	Absolute importance
	

	 Stakeholders Magnitude
	
	
	
	
	
	
	
	
	
	Stakeholders Power
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