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ABSTRACT 

In the past few years IT outsourcing has gained a lot of importance in the market 

and, for example, the IT services outsourcing market is still growing every year. Now more 

than ever, organizations are increasingly becoming acquirers of needed capabilities by 

obtaining products and services from suppliers and developing less and less of these 

capabilities in-house. 

IT supplier selection is a complex and opaque decision problem. Managers facing 

a decision about IT supplier selection have difficulty in framing what needs to be thought 

about further in their discourses. 

Also according to a study from SEI (Software Engineering Institute) [40], 20 to 25 

percent of large information technology (IT) acquisition projects fail within two years and 50 

percent fail within five years. Mismanagement, poor requirements definition, lack of 

comprehensive evaluations, which can be used to come up with the best candidates for 

outsourcing, inadequate supplier selection and contracting processes, insufficient technology 

selection procedures, and uncontrolled requirements changes are factors that contribute to 

project failure. The majority of project failures could be avoided if the acquirer learns how to 

understand the decision problems, make better decision analysis, and good judgment. 

The main objective of this work is the development of a decision model for IT 

supplier selection that will try to decrease the amount of failures seen in the relationships 

between the client-supplier. Most of these failures are caused by a not well selection of the 

supplier. 

Besides these problems showed above, the motivation to create this work is the 

inexistence of any decision model based on multi model (mixture of acquisition models and 

decision methods) for the problem of IT supplier selection. 

In the case study, nine different Spanish companies were analyzed based on the IT 

supplier selection decision model developed in this work. Two software products were used in 

this case study, Expert Choice and D-Sight. 
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RESUMEN 

En los últimos años la externalización de TI ha ganado mucha importancia en el 

mercado y, por ejemplo, el mercado externalización de servicios de TI sigue creciendo cada 

año. Ahora más que nunca, las organizaciones son cada vez más los compradores de las 

capacidades necesarias mediante la obtención de productos y servicios de los proveedores, 

desarrollando cada vez menos estas capacidades dentro de la empresa. 

La selección de proveedores de TI es un problema de decisión complejo. Los 

gerentes que enfrentan una decisión sobre la selección de proveedores de TI tienen 

dificultades en la elaboración de lo que hay que pensar, además en sus discursos. 

También de acuerdo con un estudio del SEI (Software Engineering Institute) [40], 

del 20 al 25 por ciento de los grandes proyectos de adquisición de TI fracasan en dos años y el 

50 por ciento fracasan dentro de cinco años. La mala gestión, la mala definición de requisitos, 

la falta de evaluaciones exhaustivas, que pueden ser utilizadas para llegar a los mejores 

candidatos para la contratación externa, la selección de proveedores y los procesos de 

contratación inadecuados, la insuficiencia de procedimientos de selección tecnológicos, y los 

cambios de requisitos no controlados son factores que contribuyen al fracaso del proyecto. La 

mayoría de los fracasos podrían evitarse si el cliente aprendiese a comprender los problemas 

de decisión, hacer un mejor análisis de decisiones, y el buen juicio. 

El objetivo principal de este trabajo es el desarrollo de un modelo de decisión para 

la selección de proveedores de TI que tratará de reducir la cantidad de fracasos observados en 

las relaciones entre el cliente y el proveedor. La mayor parte de estos fracasos son causados 

por una mala selección, por parte del cliente, del proveedor. 

Además de estos problemas mostrados anteriormente, la motivación para crear 

este trabajo es la inexistencia de cualquier modelo de decisión basado en un multi modelo 

(mezcla de modelos adquisición y métodos de decisión) para el problema de la selección de 

proveedores de TI. 
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En el caso de estudio, nueve empresas españolas fueron analizadas de acuerdo con 

el modelo de decisión para la selección de proveedores de TI desarrollado en este trabajo. Dos 

softwares se utilizaron en este estudio de caso: Expert Choice, y D-Sight. 
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1 INTRODUCTION 

1.1 CONTEXT 

This chapter gives a brief introduction of IT outsourcing nowadays, showing the 

importance of the IT supplier selection decision. Moreover, it presents a figure of the IT 

outsourcing market today and some predictions for the future. 

It is explained the problems that usually is committed when selecting an IT 

supplier and how much client-supplier failure because of a not well done selection. Some 

works related to the topic, found by the author during the systematic review, is also presented. 

Following this topic, it is presented the objectives of this doctoral thesis, the 

approach to the solution, the research methodology and how the thesis will be structured. 

1.2 IT OUTSOURCING NOWADAYS 

IT (Information Technology) supplier selection is a complex decision problem. 

Managers facing a decision about IT supplier selection have difficulty in framing what needs 

to be thought about further in their discourses. Framing is one of the most crucial steps of 

decision making and needs to be assisted to better understand a decision situation [5]. 

Today’s business activities depend heavily on supporting information technology 

(IT), so its maintenance is a critical process and needs to be performed with the highest 

possible quality. The IT supplier selection requires organization-specific and technical 

knowledge to achieve the desired IT quality and it can be a daunting task for managers who 

are uncertain about its various implications. Taking into account the complexities inherit in an 

supplier selection decision [5], it is considered as an opaque decision problem; meaning that it 

is lucid, hard to understand or explicate and cannot be solved simply with common sense and 

an intuitive appraisal. 

During the past few years IT outsourcing has gained a lot of importance in the 

market and, therefore the IT services outsourcing market is growing every year. Outsourcing 
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as a concept gained common acceptance in the 1980s and today is still used to describe “a 

contractual relationship with a specialized outside service provider for work traditionally done 

in-house” [14]. 

Now more than ever, organizations are increasingly becoming acquirers of needed 

capabilities by obtaining products and services from suppliers and developing less and less of 

these capabilities in-house. 

Outsourcing is being used to enable business growth under strict economic 

conditions. Achieving 'more for less' became a trend that will continue into 2012. It has led to 

adoption of more mature service models, where the service supplier is expected to take on 

more responsibility and more risk. Complexity of outsourced projects is rising with more core 

work being outsourced, faster turnaround times, and domain expertise becoming a 'must have' 

[13]. 

Trend analysts such as Morgan & Chambers [32] and IDC [27] predict annual 

growth figures of approximately 10%. IDC is of the opinion that customers in USA will 

increase their outsourcing spending from 2011 as the economy revives and expects spending 

for these services to reach an estimated $57 billion by 2014 [19]. Aarkstore Enterprise 

predicts annual spend on outsourcing will exceed $700 billion globally by 2013 [1]. 

Also Huai [29] showed that the IS (information systems) outsourcing market has 

grown rapidly during the past 20 years with estimates that outsourcing revenues will grow by 

6.2% recently. 

Although the popularity of IT outsourcing has grown over the last two decades, 

many outsourcing arrangements do not last. A study from Dorothy et al. [22] found that 

approximately a third of companies studied had canceled outsourcing contracts. Also 

according to a study of SEI (Software Engineering Institute) [40], 20 to 25 percent of large IT 

acquisition projects fail within two years and 50 percent fail within five years. 

Mismanagement, poor requirements definition, lack of comprehensive evaluations, which can 

be used to come up with the best candidates for outsourcing, inadequate supplier selection and 

contracting processes, insufficient technology selection procedures, and uncontrolled 

requirements changes are factors that contribute to project failure. 
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The majority of project failures could be avoided if the acquirer learns how to 

understand the decision making problems, make better decision analysis, and good judgment 

[40]. In 2006, some large outsourcing failures have received wide attention. For example, JP 

Morgan Chase & Co. ended its outsourcing relationship with IBM Corporation after only two 

years of what was projected to be a seven-year, $5 billion arrangement [22]. JP Morgan Chase 

& Co. returned all IT functions back in house. 

A major reason for the failure of the outsourcing relationship is that top 

executives in highly competitive IT-intensive industries are discovering that IT infrastructure 

is, in fact, a competitive asset. Hence, a bad decision in selecting a supplier could generate 

poor service, price and relationship between client and supplier [22], which will end in the 

failure of the outsourcing relationship. When the contract is finished because of the failure, 

the next action is backsource or switch supplier, which according to Dorothy [22] is not 

possible without cost and risk. Due to the return of employees, assets, and knowledge into 

firm, switching cost can be significant, and the estimation of the backsource cost for example, 

is usually between 2% and 15% of the annual cost of a contract [22]. 

Also Gill [28] said that wrong IT supplier selection decision is one of the critical 

reasons which cause the high IT outsourcing failure. Therefore, the scientific IT supplier 

selection decision process is very important to increase the success rate of outsourcing and 

tends to be an important topic. 

Between the works that deal with the supplier selection decision analysis, it is 

possible to mention the works of [3, 17, 32, 42]. 

Using a different approach, Aissaoui et al. [3] extended previous survey papers by 

presenting a literature review that covers the entire purchasing process, considers both parts 

and services outsourcing activities, and covers internet-based procurement environments such 

as electronic marketplaces auctions. The work focused especially on the final selection stage 

that consists of determining the best mixture of suppliers and allocating orders among them, 

so as to satisfy different purchasing requirements, concentrating mainly on works that 

employed operations research and computational models. It analyzed and exposed the main 

decision’s features, and proposed different classifications of the published models. 
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The work of Chamodrakas et al. [17] is aimed to suggest a fresh approach for 

decision support enabling effective supplier selection processes in electronic marketplaces. It 

is introduced an evaluation method with two stages: initial screening of the suppliers through 

the enforcement of hard constraints on the selection criteria and final supplier evaluation 

through the application of a modified variant of the Fuzzy Preference Programming (FPP) 

method. The approach is demonstrated with the example of a hypothetical metal 

manufacturing company that finds and selects suppliers in the environment of an electronic 

marketplace. 

The main objective of the study done by Lee [32] was to propose an analytical 

approach to select suppliers under a fuzzy environment. A fuzzy analytic hierarchy process 

(FAHP) model, which incorporates the benefits, opportunities, costs and risks (BOCR) 

concept, was constructed to evaluate various aspects of suppliers. Multiple factors that are 

positively or negatively affecting the success of the relationship were analyzed by taking into 

account experts’ opinion on their importance, and a performance ranking of the suppliers is 

obtained. A case study of backlight unit supplier selection for a TFT-LCD manufacturer was 

presented, and the proposed model was applied to facilitate the decision process. 

Ravindran and Vijay [42] modeled the vendor selection problem as a multi-

objective optimization problem, where one or more clients order multiple products from 

different vendors in a multiple sourcing network. It is presented and compared several multi-

objective optimization methods for solving the vendor selection problem. The methods 

included weighted objective, goal programming and compromise programming. The 

multicriteria models and the methods were illustrated using a realistic example. 

1.3 OBJECTIVES 

The overall objective of this work is a deep study on IT supplier selection decision 

analysis. The specific objective of this work is: 

The development of a decision model for IT supplier selection that will try to 

decrease the amount of failures seen in the relationships between the client-supplier. Most of 

these failures are caused by a not well selection of the supplier. 
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The main sub objectives are: 

• To perform a systematic review. Discover studies related to IT supplier 

selection decision analysis, applying a prototype that defines: assessment 

objectives, reference sources, both exclusion and inclusion criteria to be 

applied in the study, data extraction method and data analysis of primary 

studies. 

• To perform a comparison of acquisition models. A comparison of all the 

models that contains information about the supplier selection decision 

problem in order to discover the qualities, problems and differences 

between then. 

• To perform a comparison of decision methods. A comparison of some of 

the available decision methods in order to discover the qualities, problems 

and differences between then. 

• To perform a decision model definition. An IT supplier selection decision 

model for the IT area will be developed, where the criteria, evaluation 

method and selection process will be shown. Between the steps of the 

decision model are: 

o Establishment of guidelines for decision analysis 

o Establishment of evaluation criteria to be used in the decision 

model and also the definition of priorities for this set of criteria. 

o Description of each criterion defined. 

o Identification of alternative solutions, with definition of a 

technique to avoid too many alternatives (suppliers). 

o Definition of the evaluation method to be used in the model, i.e., 

the development of the method used to select the best supplier. 

• To perform a case study, where the model will be applied in a real 

situation. 
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In this way, it would be possible to answer questions like: Which criteria should 

be considered when selecting a supplier? Which is the best supplier for a company? 

Besides these problems showed above, the motivation to create this work is the 

inexistence of any decision model based on multi model (mixture of acquisition and decision 

models) for the problem of IT supplier selection in outsourcing. 

1.4 APPROACH TO THE SOLUTION 

The goal of the model is to quantify current expenses and to forecast new ones, 

bringing awareness of such costs to managers of small companies. In order to accomplish this, 

a conceptual model is defined as follows: 

1. Establish Guidelines for Decision Analysis - establish and maintain 

guidelines to determine which issues are subject to a formal evaluation 

process. 

2. Establish Evaluation Criteria - establish and maintain criteria for 

evaluating alternatives, and the relative ranking of these criteria. 

3. Identify Alternative Solutions - identify alternative solutions to address 

issues. 

4. Select Evaluation Methods - select evaluation methods. 

5. Evaluate Alternative - evaluate alternative solutions using established 

criteria and methods. 

6. Select Solution – select solutions from alternatives based on evaluation 

criteria. 

1.5 RESEARCH METHODOLOGY 

The research methodology of this work is divided in four parts. The first one is the 

research process on the development of an IT supplier selection decision model (systematic 

review). The second stage is related to the acquisition models comparison, showing the parts 

of the acquisition models related to decision analysis and comparing them, and to the decision 
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methods, showing and discussing some of the available decision methods. The third stage 

deals with the IT supplier selection decision model development, which contains the 

collection of data and elaboration of components, tables and standards for an IT supplier 

selection. The fourth one is the development of the case study, with the application of the 

decision model in a real situation. 

1.6 THESIS STRUCTURE 

This work is divided and organized into 7 chapters to make possible a clear 

division of the subjects argued here. 

Chapter 1 is an introduction to the current problems related to the decision of 

selecting a supplier in outsourcing and to what is being proposed to solve these problems. 

Among the cited topics are the specific and general objectives for the development of the 

work, the methodology used and the related works. 

In Chapter 2 the development of the systematic review of IT supplier selection is 

done. This systematic review was created to find papers related to decision-making in IT 

supplier selection. Also two comparisons were done: the first about five outsourcing and 

acquisition models related to decision making and supplier selection; and the second about 

some decision methods. 

Chapter 3 includes the problem statement, exposing the problems faced in the IT 

supplier selection decision. Also, it is included a description of the proposed solution, 

presenting what to do when selecting an outsourcing supplier, since the planning phase to the 

selection of the solution. Finally, the phases used in the development of this work are depicted 

for better understanding. 

Chapter 4 contains the proposed solution for the problem, showing all the steps to 

make a decision in the IT supplier selection problems, e.g. definition of guidelines for the 

decision analysis, establishment of evaluation criteria, identification of alternative solutions, 

selection of evaluation method, evaluation of alternatives and selection of the solution. 

Chapter 5 contains a case study, where 9 different suppliers where analyzed 

according to the decision model defined on Chapter 4. This analysis was done using two 
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software products, one for the AHP calculations (Expert Choice) and the other for the 

PROMETHEE calculations (D-Sight). 

Chapter 6 contains the conclusions of this work and some suggestions for future 

works. 

Chapter 7 contains the references of this work. 
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2 STATE OF THE ART 

2.1 CONTEXT 

This chapter is divided in four sections. In Section 2.2 each step of the systematic 

review for IT Supplier Selection Decision is explained in detail in the prototype development 

and results are presented and discussed in results summary and results analysis. A conclusion 

for the systematic review follows the above sections. In Section 2.3 the outsourcing and 

acquisition models analyzed during the decision model development are explained in detail 

and the same is done in Section 2.4 concerning the decision methods. A conclusion to this 

chapter is presented on Section 2.5. 

2.2 SYSTEMATIC REVIEW OF IT SUPPLIER SELECTION 

DECISION 

2.2.1 Introduction 

Before the twentieth century there were not approaches to integrate research 

results. In 1904, Pearson calculated the average of correlation results between the typhoid 

fever inoculation and mortality. Then systematic review began to formalize and at the end of 

the 80's systematic review achieves legitimacy as a field of research [6, 8]. 

The writer of a systematic review uses an explicit and rigorous method to identify, 

critically appraise, and then synthesize relevant studies in the published research, using 

quantitative methods to assess research from different studies [46]. Benefits of the systematic 

review include:  

• Reduce the amount of literature researchers must read. 

• Assess consistency across studies. 
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• Widen the generalizability of individual studies across participants and 

settings. 

The search for issues related to IT supplier selection decision was based on the 

work of Biolchini et al. [8] that proposed a protocol for systematic review, on the guidelines 

proposed by El-Emam et al. [23] and on the forms of extracting information from software 

engineering papers, developed by Basili et al. [6] and other similar systematic reviews 

developed by Garcia et. al. [26] and Calvo Manzano et. al. [10]. 

The systematic review developed during this work followed the protocol 

established by the previous authors which is showed in the Appendix A. The defined 

assessment objectives, the reference sources, both exclusion and inclusion criteria to be 

applied in the study, the data extraction method, the data analysis of primary studies are some 

of the topics contained in this protocol. 

2.2.2 Prototype Development 

In the next sections, the prototype developed during the systematic review of IT 

supplier selection decision is presented. 

2.2.2.1 Question Formulation 

This systematic review will be carried out to identify initiatives and proposed 

reports related to IT supplier selection decision. 

This section aims at defining the syntax of the research question (the context or 

problem in which the review is applied and the question the study must answer) and its 

semantics specificity (or question range) described by the remaining items of this section - 

intervention, control, effect, outcome measure, population, application and experimental 

design [8]. In the following bullets, each of them is described for IT supplier selection 

decision. 

• Problem: the decision analysis process is really important in any outsourcing 

supplier selection. The success of the project is related to a good supplier 
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selection decision. So, a study creating an IT supplier selection decision model 

is needed. 

• Question: which are the initiatives or proposals developed for IT supplier 

selection decision? 

• Intervention: the actual development of IT supplier selection decision. 

• Control: there are no initial data for this systematic review. 

• Effect: initiatives and proposals related to IT supplier selection decision. 

• Outcome measure: number of identified proposals. 

• Population: publications related to IT supplier selection decision. 

• Application: any company that has to take supplier selection decisions related 

to outsourcing. Researchers working with IT supplier selection decision. 

• Experimental Design: none experimental design was performed. 

2.2.2.2 Sources Selection 

The objective of this section is to select the sources where searches for primary 

studies will be executed [8]. To perform the sources selection Biolchini et. al. [8] proposes to 

address the following issues: 

2.2.2.2.1 Sources Selection Criteria Definition 

• Search for mechanisms with keywords and sites suggested by experts.  

• Papers recommended by experts.  

• Papers available on the website. 

2.2.2.2.2 Study Languages 

• English. 
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2.2.2.2.3 Sources Identification 

• Sources search method: the identification of sources was based on the 

criterion of experts in our research area. These sources include journals as: 

European Journal of Operational Research, Information and Software 

Technology, Software: Practice and Experience, Software Process: 

Improvement and Practice, IEEE Software, Software Technology and 

Engineering Practice, Computer and research workshops & technical reports 

of Software Engineering Institute – SEI. 

• Search string: keywords from the words set defined in the question were 

extracted. Combining these keywords with the logical operators “AND” and 

“OR”, four search strings were obtained (see Table 1). Also analyzing the 

references of the initial papers found, three additional search strings were 

defined. These search strings were adapted for each web browser of the 

sources. 

Table 1: Search Strings 

 

• Sources list: these sources have been selected taking into account the 

defined source search method. In Table 2 the sources list is presented. 

Table 2: Sources List 

# Source 
1 Science@Direct 
2 Springer Link 
3 Computer Database – GALE 
4 ISI Web of Knowledge 
5 IEEE Computer Science Digital Library 
6 ACM Digital Library 

 

# Search Strings 
1 "decision analysis" AND IT Acquisition 
2 "decision analysis" AND outsourcing 
3 "decision analysis AND resolution" 
4 "formal evaluation process" AND "information technology"  
5 decision AND (analysis OR resolution) AND "Information Technology" 
6 (supplier OR supplier) AND selection AND outsourcing 
7 “decision analysis” AND (supplier OR supplier) AND selection 
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2.2.2.2.4 Sources Selection after Evaluation 

First, it was evaluated if sources fit all defined sources selection criteria 

(2.1.2.2.1). After applying the search string to all sources, it was found that some items were 

common in some sources. Most of the papers were at IEEE Computer Science Digital Library 

and some of these papers were found also at Science@Direct, Springer Link and principaly at 

ACM Digital Library. Repetitions were also found between Science@Direct, Springer Link 

and ISI Web of Knowledge. 

2.2.2.2.5 References Checking 

The evaluation and approval of the source list obtained from the previous item 

were done only by the author of this thesis. 

2.2.2.3 Studies Selection 

In this systematic review an iterative and incremental procedure is used for studies 

selection: a) iterative, to group all activities that could be repeated during the procedure, and 

b) incremental, because the studies are approached and recorded one by one until obtaining 

the systematic review results [26]. This iterative and incremental procedure is used due to its 

functionality in other systematic reviews. This section describes the studies inclusion and 

exclusion criteria, selection process and the selection execution. 

2.2.2.3.1 Definition of Studies IC (Inclusion Criteria), EC (Exclusion Criteria) and 

Selection Process 

This item defines the way how studies were selected [8]. 

• Studies Inclusion and Exclusion Criteria Definition: it presents the criteria by 

which studies will be evaluated to decide if they must be selected or not in the 

context of the systematic review [8]. Criteria were defined by the author of this 

work taking into account the proposal of El-Emam et al. [23]. (See Table 3). 
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Table 3: Studies Inclusion (IC) and Exclusion (EC) Criteria 

# Criteria 
IC1 Include papers whose title is related to IT supplier selection decision 
IC2 Include papers that contain keywords that match with those defined in the search string 
IC3 Include papers whose abstract is related to the topic considered 
IC4 Include papers after partial or total reading 
EC1 Exclude all duplicated papers (those selected in various search engines) 

 

• Studies Types Definition: initially all studies related to outsourcing supplier 

selection will be taken into account. However, the greatest interest will focus 

on studies that show results on IT supplier selection decision, i.e., that define a 

model or how to structure the decision making process in outsourcing supplier 

selection. 

• Procedure for studies selection: looking at the Table 3, the title was the first 

main criterion but, in some cases, it did not provide enough information, then 

the reading of the abstract was necessary and in some cases a review of the full 

text was required. The flow diagram of Figure 1 shows this procedure. 

The flow diagram shows the performed process to select primary studies and to 

apply the previous IC & EC criteria defined on Table 3. This diagram distinguishes in dotted 

lines the activities blocks for primary studies selection and information extraction. 

Information extraction is an item of the systematic review which is presented in the following 

sections. 
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Figure 1: Flow Diagram of the Systematic Review 

2.2.2.3.2 Selection Execution 

The primary studies selection process and the results of their evaluation are 

presented in this section [8]. 

• Initial Studies Selection: initially, some search tests were done to check how 

each search engine works and then knowing the best adaptation of the search 

strings to them. 

• Studies Quality Evaluation: applying the ICs and ECs defined before, it was 

possible to find the primary studies (see Table 4). This table contains the 

results using the search strings on each search engine, showing the date when 
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the search were executed, the amount of works found, the relevant studies, 

which were not repeated and the primary studies found. Applying the inclusion 

criteria IC1, IC2 and IC3, only 100 from 1727 articles found were considered 

relevant. Applying the criterion EC1 for the exclusion of duplicated studies, 90 

studies were obtained (“not repeated” column). From these, applying the 

criterion IC4, finally 80 studies were selected as primary studies. 

Table 4: Results Derived from each Source Search 

Source Search Date Found Relevant 
Not 

Repeated Primary (%)  
ACM Portal 23/02-1/11/2012 656 20 18 13 (16,3) 

IEEE Explore 23/02-1/11/2012 29 5 3 3 (3,8) 

Computer Database Gale 23/02-1/11/2012 86 6 5 5 (6,3) 

ISI Web of Knowledge 23/02-1/11/2012 484 48 48 48 (60,0) 

Science@Direct 23/02-1/11/2012 245 13 10 5 (6,3) 

Springer Link 23/02-1/11/2012 227 8 6 6 (7,5) 

TOTAL  1727 100 90 80 (100) 
 

The studies found here are the basis for the systematic review and for the analysis 

that is going to be presented during the next sections. 

2.2.2.4 Information Extraction 

Now that the primary studies have been selected, the process for extracting useful 

information from them can start. This process can start just after the definition of the 

information inclusion and exclusion criteria. 

2.2.2.4.1 Information Inclusion (ICinf) and Exclusion (ECinf) Criteria Definition 

Table 5 shows the information inclusion (ICinf) and exclusion criteria (ECinf) used 

in this systematic review. 

Table 5: Information Inclusion (ICinf) and Exclusion Criteria (ECinf) 

# Criteria 
IC1inf Collect information about the studies’ trends related to IT supplier selection decision 
IC2inf Collect information about the work area (IT, IS, etc) of the studies 
IC3inf Collect information about the models applied by the studies for IT supplier selection 

decision 
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IC4inf Identify proposed methodologies, methods and procedures in studies for IT supplier 
selection decision 

EC1inf Exclude the information that is not related to the inclusion criteria defined above 
 

2.2.2.4.2 Data Extraction Forms 

To analyze the information from the primary studies, they were grouped by 

folders related to the search source where they were found. Then, the primary studies of each 

of these folders where copied and pasted in a final folder to eliminate repetition. The relevant 

information of each primary study was highlighted and then extracted to a separated file, 

containing the name of the primary study and all related useful information. 

2.2.2.4.3 Extraction Execution 

• Objective Results Extraction: looking for any relevant information related to 

IT supplier selection decision, the selected studies passed through a complete 

reading. The information found was selected and organized in tables 

containing: consecutive study (sequential paper number), study methodology 

(remarks of the main ideas concerned to the methodology), and study 

outcome (data and information of the conclusions presented in each study). 

• Subjective Results Extraction: to complete the information found in the 

objective extraction, two more data were added to the table: data about 

authors (full names and available contact information in the studies), and 

additional notes (a specific field to store general information related to the 

subject covered in the study). 

Following this procedure, the information extracted was organized in a table 

following the format of Table 6. This format has been adapted taking into account other 

systematic reviews such as Garcia et al. [26] and the proposal to extract information from the 

paper of Basili et al. [6]. 
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Table 6: Information Extraction Format 

Information extraction format 
Number consecutive  
Paper Title  
Journal/Conference  
Authors  
Topic  
Type of Study  
Date  
Country  

Goals 

Analyze:  
for the purpose of:  
with respect to:  
from the point of view of:  

Method 

Name:  
Type:  
Possible Values:  
Data collection: procedure:  

Implementation 
Company:  
Category:  
Size:  

Results of the study   
Other issues   

 

2.2.2.4.4 Resolution of Divergences Between Reviewers 

Since this systematic review was done just by the author, there is none divergence 

of reviewers to specify here. 

2.2.3 Results Summary 

Now, with the information extracted from the primary studies on hand, it is 

necessary to analyze it. 

2.2.3.1 Studies Trends 

The first analysis done was related to studies trends respect to IT supplier 

selection decision, where any study referring to it was classified. Figure 2 shows the graph 

related to this analysis. 
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Figure 2: Studies Trends 

Taking a look at this graph, it is possible to see a trend of the primary studies 

publication year. The graph follows a linear trend which could mean an increasing interest to 

the topic. After the year 2004, it is possible to see an increasing number of studies related to 

IT supplier selection decision topic. Despite the decreasing part in 2007 and 2009 years, it is 

still visible the increasing interest compared to years before 2005. From 2010 to 2012, the 

interest in the topic remained the same. 

2.2.3.2 Studies Classification 

The primary studies were selected following the methodology defined during the 

protocol definition and they could be classified in some areas of interest. The classification 

shows 5 different topics: 

• Related to Information Technology. 

• Related to Information Systems. 

• Related to Health. 

• Related to Logistic. 
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• Related to Civil Engineering. 

Figure 3 shows this classification: 

57%26%

1% 15%

1%

Information Technology Information Systems Health Logistic Civil Engineering
 

Figure 3: Studies Classification 

Figure 3 shows that 57% of the studies were related to Information Technology 

and 26% to Information Systems. This information shows that the systematic review achieved 

one of its purposes, since most of the studies were related to the area that we are looking for 

(Information Technology and Information Systems). It is also important to take a look at the 

17% related to Health, Logistic and Civil Engineering which does not have a strong influence 

in the final classification but shows interesting results for the study of IT supplier selection 

decision. 

2.2.3.3 Classification of Studies by Country 

A study showing the source origin of the papers was done. It shows that 

researches related to IT supplier selection decision are largely been conducted in USA (15%). 

It is a fact that the biggest IT companies are in USA and since they’re looking for cost savings 

procedures after the 2008 crisis, this could be a reason to explain the higher number of studies 

related to the subject studied here. 
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Other two countries with big research in the IT supplier selection decision are 

China (19%) and Taiwan (16%). Since the IT companies in USA are looking for outsourcing 

suppliers and China is passing through an economical development, many of these suppliers 

are selected in China (offshore outsourcing). Then, this could be a reason for the amount of 

studies found in China. The fact that Taiwan is now a territory of China explains the amount 

of studies conduct in this country, as the economical development of China also influence 

Taiwanese researchers. 

Five countries that are also passing through an economical development appeared 

in the next positions in the graph: Turkey, India and Iran with 6%, and Brazil with 4%. This 

could also be explained by the offshore outsourcing process. 

Complete the graph Germany (6%), Netherlands (5%), New Zealand (3%), Italy 

(3%) and others (11%). Figure 4 shows these results. 
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6%
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Figure 4: Studies Classification by Country 

2.2.3.4 Classification of Studies by Method 

Most of the studies (38%) used a mixture of methods (two or three) in the 

decision process. The Analytic Hierarchy Process (AHP) was used by 19% of the studies and 
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the PROMETHEE by 10%. The methods used to make an analysis of the decision process, 

contributed with 7% (Analytical Study) and 11% (Survey Methodology). Fuzzy Analytical 

Network Process with (10%) and Decision Primitives with (5%) complete the graph. All these 

information can be seen on Figure 5. 

Hence, it is possible to see that most of the studies used AHP or PROMETHEE as 

a decision method, but none of them used them together, trying to capture the advantages of 

each method and to avoid the individual disadvantages. 

 

Figure 5: Studies Classification by Method 

2.2.3.5 Proposals of the Studies 

Most of the analyzed studies are related to the IT and / or IS area, which are 

exactly the topics that this systematic review was proposed to find. They mentioned some 

general ideas related to the decision making process using multi criteria models. Figure 6 

shows the results. 
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Figure 6: Proposals of the Studies 

Most of the proposals (72%) are related to the design of a specific model for 

decision making, showing how to select the best alternative following defined criteria. Some 

proposals (22%) analyzed the decision making process, 4% focus on the use of decision 

primitives in the decision making process and one study (the 2% in the graph) presented a list 

of articles related to the decision making subject. 

2.2.4 Results Analysis 

Dickson [20] conducted a questionnaire survey mailed to about 300 commercial 

organizations, primarily manufacturing firms. The purchasing managers of these firms were 

asked to identify factors that were important for selecting suppliers. His findings were divided 

into two categories: supplier selection practices by firms and supplier selection practices by 

individuals. 

Table 7 summarizes his results pertaining to factors commonly used to rate 

potential suppliers by firms. It identifies quality, price, and delivery as the most critical factors 

in the supplier selection process. 
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Table 7: Factors Used in Supplier Rating Systems [20] 

Factor Percentage of systems using the factor 
Quality 96.6 
Price 93.9 
Delivery 93.9 
Service 81.8 
Technical Capability 63.6 
Financial Strength 51.5 
Geographical Location 42.4 
Reputation 42.4 
Reciprocal Arrangements 15.1 
Other Factors 12.1 

 

To study supplier selection practices by individual decision makers, Dickson 

selected four unique purchasing scenarios encompassing markedly different products and 

situations and a list of 23 factors reported in the purchasing literature as important to the 

supplier selection decision problem. Each respondent (purchasing manager) was asked to 

consider each scenario and rate the importance of each of the factors listed using a scale of 0-

4 (4 representing extreme importance and 0 indicating slight or no importance). Table 8 

depicts the results. 

Table 8: Aggregate Factor Ratings [20] 

Number Factor Mean Relative Importance 
1 Quality 3.508 Extreme Importance 
2 Delivery 3.417 

Considerable Importance 

3 Performance History 2.998 
4 Warranties & Claims Policies 2.849 
5 Production Facilities and Capacity 2.775 
6 Price 2.758 
7 Technical Capability 2.545 
8 Financial Position 2.514 
9 Procedural Compliance 2.488 

Average Importance 

10 Communication System 2.426 
11 Reputation and Position in Industry 2.412 
12 Desire for Business 2.256 
13 Management and Organization 2.216 
14 Operation Controls 2.211 
15 Repair Service 2.187 
16 Attitude 2.120 
17 Impression 2.054 
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Number Factor Mean Relative Importance 
18 Packaging Ability 2.009 
19 Labor Relations Record 2.003 
20 Geographical Location 1.872 
21 Amount of Past Business 1.597 
22 Training Aids 1.537 
23 Reciprocal Arrangements 0.610 Slight Importance 

 

A readily noticeable difference between the two tables is the reduced ranking of 

“service” in the latter. This could have been the result of the fact that the selected purchasing 

scenarios were atypical with regard to service requirements. Indeed, Table 9 points out the 

influence of the item/service being purchased on the relative importance of various factors in 

the supplier selection decision problem. 

Table 9: Most Important Factors by Scenario [20] 

Import. 
Rank 

Case A 
Paint 

Case B 
Desks 

Case C 
Computers 

Case D 
Art Work 

1 Quality Price Quality Delivery 

2 Warranties Quality Technical Capability Production Capacity 

3 Delivery Delivery Delivery Quality 

4 Performance History Warranties Production Capacity Performance History 

5 Price Performance History Performance History Comm. System 
 

Dickson reconfirmed his earlier observation that “price” was not a consistently 

important factor in the supplier selection process. Similarly, “technical capability”, 

“production capacity”, and “warranties” while considered by the respondents to be very 

important for some of the purchases were also deemed unworthy of much consideration in 

other instances. Dickson finally concluded that three factors were crucial in the choice of 

suppliers: the “ability to meet quality standards”, the “ability to deliver the product on time”, 

and the “performance history”. The author also made a few generalizations about the 

importance of factors in the supplier selection process. The more complex the product / 

service being purchased, the more factors are likely to be considered, and in these cases, 

“price”  is likely to be relatively unimportant. Conversely, in purchases of ordinary products 

like nuts and bolts, “price”  is generally the primary factor that is considered. Thus he 

concluded that the nature of the item to be purchased has a major influence on the factors that 
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are considered when selecting a supplier. As such, he doubted the credibility of one universal 

system for supplier analysis that could be appropriate for all kinds of purchasing decisions. 

Considering the extensive nature of their study and the structured approach 

adopted, it was appropriate to extend their results to encompass research on the supplier 

selection decision problem published nowadays, from 1992 to 2012, where 80 articles, as 

showed in Table 4 of Section 2.2.2.3.2, were reviewed and analyzed. It is important to note 

that this review is entirely based on academic literature while Dickson’s study [20] was based 

on a survey of purchasing agents. 
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Table 10: Distribution of Evaluation Criteria by Research Papers (Part 1) 
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Table 11: Distribution of Evaluation Criteria by Research Papers (Part 2) 

 
*mentioned Dickson’s list. 
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Table 10 and Table 11 categorizes all articles and the evaluation criteria found in 

each of them. The articles are listed by author. The first column is just an identification 

number of the paper, and the second column shows the priority of the paper (“Pr” column). 

An “x” confirms the recognition of a criterion in the supplier selection research reported in the 

article. The criteria’s name was based in Dickson list [20] and in the names found in the 

papers analyzed. When two criteria have equal definition but different names, the author of 

this work decided the best name. In Table 10 and Table 11 just the criteria that appeared in 4 

or more papers were selected to enter in the table, i.e., some others criteria were found in the 

analysis of the papers, but since it does not appear in so many papers, it was decided not to 

include them. 

In Table 10 and Table 11 some calculation and analysis were done to derive Table 

12 with the priorities of the criteria (“Current rank”  and “Previous rank” columns in Table 

12). The first step was the calculation of the “total criteria appearance in the articles” (last 

row in Table 11) to define the criterion with the highest priority (the total number of papers 

where a criterion is referred). The problem here is that sometimes two criteria have the same 

number of “total criteria appearance in the articles”. For example, “technical capability” 

and “risk” , with 12 as the total number of appearance. To solve this, it was created two more 

indicators: the “total criteria appearance by author” (last column in Table 10 and Table 11) 

and the “total article priority” (penultimate row in Table 11). 

The “total criteria appearance by author” just sums the number of evaluation 

criteria that a paper defined and put the value in the last column of the table. For example, the 

paper number 3 from Table 10 defined 3 criteria and this number was placed in the “total 

criteria appearance by author” column. This number defines the priority of a paper, where 

the papers with more criteria defined, were considered with the highest priority (the second 

column of the table, “Pr” , shows the priority of each paper). For example, the paper number 

28 from Table 10 referred 12 criteria which was the biggest “total criteria appearance by 

author”. Therefore, it was considered the paper with the highest priority and received the 

number 1 in the “Pr”  column. 

The “total article priority” sums the priority number of the articles (“Pr” column) 

where a criterion appeared. Coming back to the example of the “technical capability” and 
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“ risk”  criteria, it was discussed before that they have the same “total criteria appearance in 

articles”, and it was impossible to define which one has the highest priority. Looking at Table 

10, the “risk”  criteria appeared in articles 11, 18, 28, 30, 32, 41, 52, 58, 67, 73, 74 and 77, 

with respective priority numbers 4, 7, 1, 8, 6, 3, 4, 5, 5, 11, 4 and 4, and the “technical 

capability” appeared in articles 8, 16, 20, 26, 29, 34, 49, 58, 63, 67, 74 and 77, with 

respective priority numbers 6, 3, 4, 4, 5, 5, 5, 5, 9, 5, 4 and 4. Hence, the “total article 

priority” was 72 for “risk”  and 71 for “technical capability” and since the lowest number for 

priority is better, also the lowest sum is better. Then, a highest priority to “technical 

capability” criteria is given. Here it is important to remember that these calculations for the 

“ total article priority” were used just to solve the problem when two criteria have equal “total 

criteria appearance in the articles” when defining the evaluation criteria priorities of Table 

12. Then, two considerations have to be done: 1) The “price”, “flexibility”, “quality” and 

“delivery”  criteria did not have any “total article priority” calculation because they did not 

have the same number of “total criteria appearance in articles” of others criteria, 2) It is not 

possible to use the “total article priority” as a first way to define the evaluation criteria 

priority. 

Table 12 provides the current as well as the previous rankings of the different 

evaluation criteria. The column “Current Rank” indicates the position that each criterion holds 

in this study (based on the number of papers that criterion occurred in) and the column 

“Previous Rank” refers to the rank the criterion held in Dickson study [20]. The table also 

includes new criteria that were not present in the list of 23 criteria defined by Dickson [20]. 

Table 12: The Present and Past Ranking of Evaluation Criteria 

Current Rank Previous Rank Factor 
1 6 Price 
2 1 Quality 
3 2 Delivery 
4 New Flexibility 
5 7 Technical Capability 
6 New Risk 
7 11 Reputation and Position in Industry 
8 New Compatibility 
9 New Time 
10 8 Financial Position 
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Current Rank Previous Rank Factor 
11 New Responsiveness 
12 21 Experience (amount of past business) 
13 New Human Resources 
14 New Market Share 
15 13 Management and Organization 
16 15 Support (repair service) 
Not 3 Performance 
Not 4 Warranties and Claims 
Not 5 Production Facilities and Capacity 
Not 9 Procedural Compliance 
Not 10 Communication 
Not 12 Desire for Business 
Not 14 Operating Controls 
Not 16 Attitude 
Not 17 Impression 
Not 18 Packaging Ability 
Not 19 Labor Relations Record 
Not 20 Geographical Location 
Not 21 Training Aids 
Not 23 Reciprocal Arrangements 

 

On the one hand, “Flexibility”, “Risk”, “Compatibility”, “Time”, 

“Responsiveness”, “Human Resources” and “Market Share” are seven significant new 

elements in the list of critical success factors for supplier selection. On the other hand, 

“Performance”, “Warranties and Claim Policies”, “Production Facilities and Capacity”, 

“Procedural Compliance”, “Communication”, “Desire for Business” and “Operational 

Controls” are among the factors that were taken out from the list. 

2.2.5 Systematic Review Conclusions 

This systematic review related to the IT supplier selection decision was carried 

out using the protocol proposed by Biolchini et al. [8]. This protocol has five main 

characteristics related to the systematic review process, where a final statistical analysis of the 

primary studies is conducted to achieve important results and also to check the quality of 

selected papers. 
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Systematic review takes more time to be done and also more effort than the 

normal literature review, but the results achieved are more consistent, since they are based on 

a well defined prototype that detail all the methods for inclusion and exclusion of studies and 

relevant information. The results presented here focus on the initiatives and proposals related 

to IT supplier selection decision where it was possible to see that there is not a specific trend 

related to this area, besides a lot of work was done in 2006. 

The large percentage (83%) of the analyzed studies was related to IT and IS, 

which are the main topics that this systematic review was proposed to analyze. China is the 

country where most studies were done (19%) followed by Taiwan (16%) and USA (15%). 

Regarding the models used and the proposals defined by the studies, the most used model is 

the Analytic Hierarchy Process (AHP) model with 19% followed by the PROMETHEE model 

with 10%. 38% of the studies used a mixture of two or three multi criteria models. 

These results indicate a lack of studies in IT supplier selection decision, since just 

80 were found and not all of them are specific related to the definition of an IT supplier 

selection decision model. Most of the 72% of studies that defined how to find the best 

alternative in a decision making process did not developed a complete model to be used in the 

IT outsourcing area, which is a motivation for the development of the work that will be 

presented in the next sections. 

In Chapter 4, an IT supplier selection decision model will be defined. It is based 

on the reading of the primary studies of the previous systematic review. In this model, all the 

steps of a decision analysis process for selecting the best outsourcing supplier will be 

explained, with the use of AHP and PROMETHEE decision methods and based on the 

outsourcing acquisition models that will be shown in the next section. 

2.3 OUTSOURCING AND ACQUISITION MODELS 

There are several standards and process models that cover issues related to the 

Outsourcing Decision Analysis: Capability Maturity Model Integration for Acquisition 

(CMMI-ACQ) [40], ISO / IEC 12207 Information Technology / Software Life Cycle 

Processes [45], IEEE 1062 Recommended Practice for Software Acquisition [24], the IT 
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Infrastructure Library (ITIL) [12] and the Project Management Body of Knowledge 

(PMBOK) guide [34]. 

2.3.1 CMMI for Acquisition Model 

The CMMI-ACQ, V1.3 model is a collection of best practices that is generated 

from the CMMI V1.3 Architecture and Framework. This collection includes acquisition best 

practices from government and industry. CMMI-ACQ is based on the CMMI Model 

Foundation or CMF (model components common to all CMMI models and constellations), 

the CMMI Acquisition Module, and the Software Acquisition Capability Maturity Model 

(SA-CMM). 

CMMI-ACQ is a model that provides guidance for acquisition organizations to 

initiate and manage the acquisition of software products and related services. This model 

focuses on acquirer processes and integrates bodies of knowledge that are essential for 

successful acquisitions. CMMI-ACQ provides an opportunity for acquisition organizations 

[21, 40]: 

• To prevent or eliminate barriers and problems in the acquisition process 

through improved operational efficiencies. 

• To initiate and manage a process for acquiring products and services, 

including solicitations, supplier sourcing, supplier agreement 

development, and supplier capability management. 

• To use a common language for both acquirers and suppliers so that quality 

solutions are delivered more quickly and at a lower cost using the most 

appropriate technology. 

CMMI-ACQ contains 22 process areas: 16 process areas are CMMI Model 

Foundation (CMF) and 6 process areas focus on practices specific to acquisition addressing 

agreement management, acquisition requirements development, acquisition technical 

management, acquisition validation, acquisition verification, and solicitation and supplier 

agreement development [21, 40]. 
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Table 13 provides a list of CMMI-ACQ process areas and their associated 

abbreviations and maturity levels. The processes, that the decision model developed in this 

work is based, are shaded in the table. 

Table 13: Processes Areas Summary 

PA Abbr. ML 
Agreement Management AM 2 
Acquisition Requirements Development ARD 2 
Configuration Management CM 2 
Measurement and Analysis MA 2 
Project Monitoring and Control PMC 2 
Project Planning PP 2 
Process and Product Quality Assurance PPQA 2 
Requirements Management REQM 2 
Solicitation and Supplier Agreement Development SSAD 2 
Acquisition Technical Management ATM 3 
Acquisition Validation AVAL 3 
Acquisition Verification AVER 3 
Decision Analysis and Resolution DAR 3 
Integrated Project Management IPM 3 
Organizational Process Definition OPD 3 
Organizational Process Focus OPF 3 
Organizational Training OT 3 
Risk Management RSKM 3 
Organizational Process Performance OPP 4 
Quantitative Project Management QPM 4 
Causal Analysis and Resolution CAR 5 
Organizational Innovation and Deployment OID 5 

 

The following sections describe only the process areas that are focused on the 

Decision Analysis and Supplier Selection specific practices. 

2.3.1.1 Decision Analysis and Resolution 

The purpose of Decision Analysis and Resolution (DAR) is to analyze possible 

decisions using a formal evaluation process that evaluates identified alternatives against 

established criteria [40]. 

The Decision Analysis and Resolution (DAR) process area involves establishing 

guidelines to determine which issues should be subject to a formal evaluation process and 

applying formal evaluation processes to these issues. 
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A formal evaluation process is a structured approach to evaluating alternative 

solutions against established criteria to determine a recommended solution [40]. 

A formal evaluation process involves the following actions: 

• Establishing the criteria for evaluating alternatives. 

• Identifying alternative solutions. 

• Selecting methods for evaluating alternatives. 

• Evaluating the alternative solutions using the established criteria and 

methods. 

• Selecting recommended solutions from the alternatives based on the 

evaluation criteria. 

A repeatable criteria-based decision-making process is especially important, both 

for making critical decisions that define and guide the acquisition process and later for critical 

decisions made with the selected supplier. The establishment of a formal process for decision 

making provides the acquirer with documentation of decision rationale. Such documentation 

allows criteria for critical decisions to be revisited when changes or technology insertion 

decisions that impact requirements or other critical project parameters are considered. A 

formal process also supports the communication of decisions between the acquirer and 

supplier [40]. 

A formal evaluation process reduces the subjective nature of the decision and has 

a higher probability of selecting a solution that meets the multiple demands of relevant 

stakeholders [40]. 

Guidelines are created for deciding when to use formal evaluation processes to 

address unplanned issues. Guidelines often suggest using formal evaluation processes when 

issues are associated with medium to high risks or when issues affect the ability to achieve 

project objectives. 

Formal evaluation processes can vary in formality, type of criteria, and methods 

employed. Less formal decisions can be analyzed in a few hours, use only a few criteria (e.g., 
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effectiveness and cost to implement), and result in a one- or two-page report. More formal 

decisions may require separate plans, months of effort, meetings to develop and approve 

criteria, simulations, prototypes, piloting, and extensive documentation. 

Both numeric and non-numeric criteria can be used in a formal evaluation 

process. Numeric criteria use weights to reflect the relative importance of the criteria. Non-

numeric criteria use a more subjective ranking scale (e.g., high, medium, or low). More 

formal decisions may require a full trade study [40]. 

A formal evaluation process identifies and evaluates alternative solutions. The 

eventual selection of a solution may involve iterative activities of identification and 

evaluation. Portions of identified alternatives may be combined, emerging technologies may 

change alternatives, and the business situation of suppliers may change during the evaluation 

period. 

A recommended alternative is accompanied by documentation of the selected 

methods, criteria, alternatives, and rationale for the recommendation. The documentation is 

distributed to relevant stakeholders; it provides a record of the formal evaluation process and 

rationale that are useful to other projects that encounter a similar issue. 

DAR involves the following specific practices: 

• Establish Guidelines for Decision Analysis: establish and maintain 

guidelines to determine which issues are subject to a formal evaluation 

process. 

• Establish Evaluation Criteria: establish and maintain criteria for 

evaluating alternatives, and the relative ranking of these criteria. 

• Identify Alternative Solutions: identify alternative solutions to address 

issues. 

• Select Evaluation Methods: select evaluation methods. 

• Evaluate Alternative Solutions: evaluate alternative solutions using 

established criteria and methods. 



Chapter 2           State of the Art 

A Decision Model for IT Supplier Selection 37 

• Select Solutions: select solutions from alternatives based on evaluation 

criteria. 

2.3.1.2 Solicitation and Supplier Agreement Development 

The purpose of Solicitation and Supplier Agreement Development (SSAD) is to 

prepare a solicitation package, select one or more suppliers to deliver the product or service, 

and establish and maintain the supplier agreement [40]. 

The Solicitation and Supplier Agreement Development process area provides a set 

of practices that enables the acquirer to initialize and formalize a relationship with the 

supplier for the successful execution of the project. A supplier agreement is an agreement 

between the acquirer and supplier. This agreement may be a contract, license, or 

memorandum of agreement. The acquired product or service is delivered to the acquirer from 

the supplier according to the supplier agreement. 

A supplier agreement created using these practices enables the acquirer to monitor 

and control supplier activities using other process areas, such as Project Monitoring and 

Control, and Agreement Management. 

The activities described in Solicitation and Supplier Agreement Development 

apply equally to initial supplier agreements and to subsequent change orders, task orders, or 

amendments related to those agreements. 

The acquirer is responsible for establishing and maintaining ground rules for 

communicating with the supplier, documenting decisions, and resolving conflicts through the 

life of the agreement. The acquirer facilitates these activities with relevant stakeholders. Roles 

and responsibilities of relevant stakeholders during the interaction with suppliers are defined, 

coordinated, and adhered to [40]. 

The specific goals and specific practices of this process area build on each other. 

The Prepare for Solicitation and Supplier Agreement Development specific goal and its 

associated specific practices identify potential suppliers, and develop and distribute the 

solicitation package, including evaluation criteria and the statement of work. The solicitation 

package is developed using work products from other process areas (e.g., requirements and 
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design constraints from Acquisition Requirements Development, supplier project and 

technical measures and objectives from Project Planning and Measurement and Analysis). 

The Select Suppliers specific goal and its associated specific practices use work 

products from the preparation of the solicitation to solicit responses from potential suppliers, 

evaluate these responses, negotiate with potential suppliers, and select a supplier who can best 

deliver. Subsequently, the Establish Supplier Agreements specific goal and its associated 

specific practices are used to establish and maintain the supplier agreement. In turn, data 

provided by the supplier and documented in the supplier agreement (e.g., cost, schedule, 

risks) are used by Project Planning practices to update the project plan. 

The SSAD involves three specific goals, but in this work the DAR will be applied 

just on specific goal 2, Select Supplier, then the following specific practices will be involved: 

• Evaluate Proposed Solutions: evaluate proposed solutions according to 

documented proposal evaluation criteria. 

• Establish Negotiation Plans: establish and maintain negotiation plans to 

use in completing a supplier agreement. 

• Select Suppliers: select suppliers based on an evaluation of their ability to 

meet specified requirements and established criteria. 

2.3.2 ISO/IEC 12207 Information Technology/Software Life Cycle 

Processes 

ISO/IEC 12207 establishes a common framework for software life cycle 

processes, with well defined terminology, that can be referenced by the software industry. It 

contains processes, activities, and tasks that are to be applied during the acquisition of a 

software product or service and during the supply, development, operation, maintenance and 

disposal of software products [45]. 

ISO/IEC 12207 applies to the acquisition of systems and software products and 

services, to the supply, development, operation, maintenance, and disposal of software 

products and the software portion of a system, whether performed internally or externally to 
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an organization. Those aspects of system definition needed to provide the context for software 

products and services are included. It also provides a process that can be employed for 

defining, controlling, and improving software life cycle processes. The processes, activities 

and tasks of it—either alone or in conjunction with ISO/IEC 15288—may also be applied 

during the acquisition of a system that contains software [45]. 

The purpose of ISO/IEC 12207 is to provide a defined set of processes to facilitate 

communication among acquirers, suppliers and other stakeholders in the life cycle of a 

software product. It is written for acquirers of systems and software products and services and 

for suppliers, developers, operators, maintainers, managers, quality assurance managers, and 

users of software products [45]. 

This ISO/IEC 12207 groups the activities that may be performed during the life 

cycle of a software system into seven process groups. Each of the life cycle processes within 

those groups is described in terms of its purpose and desired outcomes, and lists activities and 

tasks which need to be performed to achieve those outcomes. 

a) Agreement Processes — two processes. 

b) Organizational Project-Enabling Processes — five processes. 

c) Project Processes — seven processes. 

d) Technical Processes — eleven processes. 

e) Software Implementation Processes — seven processes. 

f) Software Support Processes — eight processes. 

g) Software Reuse Processes — three processes. 

The purposes and outcomes of the life cycle processes constitute a Process 

Reference Model. These life cycles process groups are introduced below and depicted in 

Figure 7. The life cycle processes related to IT supplier selection decision are highlighted in 

Figure 7. 
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Figure 7: Life Cycle Process Groups 

The following sections describe only the life cycle processes that are focused on 

IT supplier selection decision analysis. 

2.3.2.1 Acquisition Process 

The purpose of the Acquisition Process is to obtain the product and/or service that 

satisfies the need expressed by the acquirer. The process begins with the identification of 

customer needs and ends with the acceptance of the product and/or service needed by the 

acquirer. 

As a result of successful implementation of the Acquisition Process: 
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a) Acquisition needs, goals, product and/or service acceptance criteria and 

acquisition strategies are defined. 

b) An agreement is developed that clearly expresses the expectation, 

responsibilities and liabilities of both the acquirer and the supplier. 

c) One or more suppliers is selected. 

d) A product and/or service is acquired that satisfies the acquirer’s stated need. 

e) The acquisition is monitored so that specified constraints such as cost, schedule 

and quality are met. 

f) Supplier deliverables are accepted. 

g) Any identified open items have a satisfactory conclusion as agreed to by the 

acquirer and the supplier. 

Then, the acquirer shall implement the following activities in accordance with 

applicable organizational policies and procedures with respect to the Acquisition Process: 

• Acquisition Preparation - This activity consists of the following tasks: 

o The acquirer begins the acquisition process by describing a concept 

or a need to acquire, develop, or enhance a system, software 

product or software service. 

o The acquirer shall define and analyze the system requirements. The 

system requirements should include business, organizational and 

user as well as safety, security, and other criticality requirements 

along with related design, testing, and compliance standards and 

procedures. 

o The acquirer may perform the definition and analysis of software 

requirements by itself or may retain a supplier to perform this task. 
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o If the acquirer retains a supplier to perform system or software 

requirements analysis, the acquirer shall retain approval authority 

for the analyzed requirements. 

o The acquirer shall consider options for acquisition against analysis 

of appropriate criteria to include risk, cost and benefits for each 

option. Options include: a) purchase an off-the-shelf software 

product that satisfies the requirements; b) develop the software 

product or obtain the software service internally; c) develop the 

software product or obtain the software service through contract; d) 

a combination of a, b, and c above; e) enhance an existing software 

product or service. 

o When an off-the-shelf software product is to be acquired, the 

acquirer shall ensure the following conditions are satisfied: a) the 

requirements for the software product are satisfied; b) the required 

documentation is available; c) proprietary, usage, ownership, 

warranty and licensing rights are satisfied; d) future support for the 

software product is planned. 

o The acquirer should prepare, document and execute an acquisition 

plan. The plan should contain the following: a) requirements for 

the system; b) planned employment of the system; c) type of 

contract to be employed; d) responsibilities of the organizations 

involved; e) support concept to be used; f) risks considered as well 

as methods to manage the risks. 

o The acquirer shall define and document the acceptance strategy 

and conditions (criteria). 

o The acquirer should document the acquisition requirements (e.g., 

request for proposal), the content of which depends upon the 

acquisition option selected. The acquisition documentation should 

include, as appropriate: a) system requirements; b) scope 
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statement; c) instructions for bidders; d) list of software products; 

e) terms and conditions; f) control of subcontracts; g) technical 

constraints (e.g., target environment). 

o The acquirer should determine which processes of this 

International Standard are appropriate for the acquisition and 

specify any acquirer requirements for tailoring those processes. 

The acquirer should specify if any of the processes are to be 

performed by parties other than the supplier, so that suppliers may, 

in their proposals, define their approach to supporting the work of 

other parties. The acquirer shall define the scope of those tasks that 

reference the contract. 

o The acquisition documentation shall also define the contract 

milestones at which the supplier's progress shall be reviewed and 

audited as part of monitoring the acquisition. 

o The acquisition requirements should be given to the organization 

selected for performing the acquisition activities. 

• Acquisition Advertisement - This activity consists of the following task: 

o The acquirer shall communicate the request for the supply of a 

product or service to identified suppliers. 

• Supplier Selection - This activity consists of the following tasks: 

o The acquirer should establish a procedure for supplier selection 

including proposal evaluation criteria and requirements compliance 

weighting. 

o The acquirer should select a supplier based upon the evaluation of 

the suppliers' proposals, capabilities, and in accordance with the 

acquirer's acceptance strategy and conditions. 

• Contract Agreement - This activity consists of the following tasks: 
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o The acquirer may involve other parties, including potential 

suppliers or any necessary third parties (such as regulators), before 

contract award, in determining the acquirer’s requirements for 

tailoring of this International Standard for the project. In making 

this determination, the acquirer shall consider the effect of the 

tailoring requirements upon the supplier’s organizationally-adopted 

processes. The acquirer shall include or reference the tailoring 

requirements in the contract. 

o The acquirer shall then prepare and negotiate a contract with the 

supplier that addresses the acquisition requirements, including the 

cost and schedule, of the software product or service to be 

delivered. The contract shall address proprietary, usage, ownership, 

warranty and licensing rights associated with the reusable off-the-

shelf software products. 

o Once the contract is underway, the acquirer shall control changes 

to the contract through negotiation with the supplier as part of a 

change control mechanism. Changes to the contract shall be 

investigated for impact on project plans, costs, benefits, quality, 

and schedule. 

• Agreement Monitoring - This activity consists of the following tasks: 

o The acquirer shall monitor the supplier's activities in accordance 

with the Software Review Process (clause 7.2.6) and the Software 

Audit Process (clause 7.2.7). The acquirer should supplement the 

monitoring with the Software Verification Process (clause 7.2.4) 

and the Software Validation Process (clause 7.2.5) as needed. 

o The acquirer shall cooperate with the supplier to provide all 

necessary information in a timely manner and resolve all pending 

items. 

• Acquirer Acceptance - This activity consists of the following tasks: 
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o The acquirer should prepare for acceptance based on the defined 

acceptance strategy and criteria. The preparation of test cases, test 

data, test procedures, and test environment should be included. The 

extent of supplier involvement should be defined. 

o The acquirer shall conduct acceptance review and acceptance 

testing of the deliverable software product or service and shall 

accept it from the supplier when all acceptance conditions are 

satisfied.  

o After acceptance, the acquirer should take the responsibility for the 

configuration management of the delivered software product. 

• Closure – This activity consists of the following tasks: 

o The acquirer shall make payment or provide other agreed 

consideration to the supplier for the product or service rendered. 

2.3.2.2 Decision Management Process 

The purpose of the Decision Management Process is to select the most beneficial 

course of project action where alternatives exist. 

This process responds to a request for a decision encountered during the system 

life cycle, whatever its nature or source, in order to reach specified, desirable or optimized 

outcomes. Alternative actions are analyzed and a course of action selected and directed. 

Decisions and their rationale are recorded to support future decision-making [45]. 

As a result of the successful implementation of the Decision Management 

Process: 

a) A decision-making strategy is defined. 

b) Alternative courses of action are defined. 

c) A preferred course of action is selected. 

d) The resolution, decision rationale and assumptions are captured and reported. 
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Then, the project shall implement the following activities and tasks in accordance 

with applicable organization policies and procedures with respect to the Decision 

Management Process: 

• Decision Planning - This activity consists of the following tasks: 

o The project shall define a decision-making strategy. This includes 

identifying decision categories and a prioritization scheme, and 

identifying responsible parties. The decision makers are identified 

and given the responsibility and authority to make decisions. 

Decisions may arise as a result of an effectiveness assessment, a 

technical trade-off, a problem needing to be solved, action needed 

as a response to risk exceeding the acceptable threshold, a new 

opportunity or approval for project progression to the next life 

cycle stage. A decision-making strategy includes the identification 

and allocation of responsibility for, and authority to make, 

decisions.  

o The project shall involve relevant parties in the decision-making in 

order to draw on experience and knowledge. 

o The project shall identify the circumstances and need for a 

decision. This includes record, categorize and promptly and 

objectively report problems or opportunities and the alternative 

courses of action that will resolve their outcome.   

• Decision Analysis - This activity consists of the following tasks: 

o The project shall select and declare the decision-making strategy 

for each decision situation. The project shall identify desired 

outcomes and measurable success criteria. 

o The project shall evaluate the balance of consequences of 

alternative actions, using the defined decision-making strategy, to 
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arrive at an optimization of, or an improvement in, an identified 

decision situation. 

• Decision Tracking - This activity consists of the following tasks: 

o The project shall record, track, evaluate and report decision 

outcomes to confirm that problems have been effectively resolved, 

adverse trends have been reversed and advantage has been taken of 

opportunities. 

o The project shall maintain records of problems and opportunities 

and their disposition, as stipulated in agreements or organizational 

procedures and in a manner that permits auditing and learning from 

experience. 

2.3.3 IEEE 1062 Recommended Practice for Software Acquisition 

IEEE 1062 is a recommended practice for performing software acquisitions. It 

describes a set of useful quality practices that can be selected and applied during one or more 

steps in a software acquisition process [24]. 

IEEE 1062 can be applied to software that runs on any computer system 

regardless of the size, complexity, or criticality of the software. However, it is more suited for 

the use on MOTS (Modifiable Off-The-Shelf) software and fully developed software. Each 

organization using it will need to identify the classes of software to which it applies and the 

specific quality characteristics and activities that need to be included within the acquisition 

process [24]. 

The software acquisition life cycle represents the period of time that begins with 

the decision to acquire a software product and ends when the product is no longer available 

for use. It typically includes a planning phase, contracting phase, product implementation 

phase, product acceptance phase, and follow-on phase. This life cycle provides an overall 

framework within which most software acquisitions occur. 
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The phases in the life cycle are broadly defined by a set of milestones that 

establish the beginning and ending of each phase. Some phases may have a longer duration 

than others, or may include more activities than other phases. These phases and their key 

milestones are [24]: 

a) Planning phase. This phase begins when the idea or need is established for 

acquiring software and ends when the request for proposal (RFP) is released. 

b) Contracting phase. After the RFP is released, this phase includes activities 

necessary to ensure that the supplier’s products and services can satisfy the 

acquirer’s quality criteria before signing the contract. 

c) Product implementation phase. This phase covers the period from contract 

signing until the software product has been received. A key activity is monitoring 

the supplier’s efforts to ensure that all work and milestones are satisfactorily 

completed prior to the delivery of the software product. 

d) Product acceptance phase. This phase includes all activities necessary to 

evaluate, test, and accept the software product. It begins when the software product 

is received and ends when the product is accepted. 

e) Follow-on phase. After the software product is accepted, this phase includes 

using the product to meet the acquirer’s objectives and evaluating user satisfaction 

with the software product, its documentation, and support provided from the 

supplier. This phase continues until all provisions provided in the contract have 

been completed or until the software product is no longer available for use. 

Each of these phases and their key milestones are summarized in Table 14. A 

special feature of this table includes a listing of the software acquisition process steps 

associated with each life cycle phase. The processes related to IT supplier selection decision 

analysis are highlighted in the table. 
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Table 14: Software Acquisition Process Steps 

Phase
Steps in software 

acquisition process
Inputs to the step Outputs from the step

Planning 1) Planning 
organizational 
strategy

*Acquirer's objective
*Strategic areas

*Quality characteristics of 
software
*Organizational strategy for 
acquiring software
*General practices

2) Implementing 
organizational's 
process

*Steps 3-9 of the process
*Organizational strategy
*Contracting practives
*Organization's policies

*Establish a software acquisition 
process for organization
*Supplier qualification and 
selection process

3) Determining the 
software 
requirements

*Software definition
*Supplier evaluation criteria
*Acquirer and supplier obligations
*Quality plan and maintenance plan 
content

*Software being acquired defined
*Quality and maintenance plans 
defined
*Proposal evaluation standards
*Contingency plan
*RFP

Contracting 4) Identifying 
potential 
suppliers

*Supplier performance data from prior 
contracts
*Supplier evaluation criteria
*Definition of software
*Results being acquired
*User survey questionaire

*Information on Software
*MOTS software/suppliers
*Candidate list
*User survey

5) Preparing 
contract 
requirements

*Supplier and acquirer responsibilities
*Supplier performance standards
*Acquirer's terms and conditions
*Quality assurance clauses
*Payment provisions

*Acceptance criteria
*Supplier performance criteria
*Evaluation and test criteria
*Tie payments to deliverables
*Prepared contract
*Legal counsel review

6) Evaluating 
proposals and 
selecting the 
supplier

*Supplier proposals
*Proposal evaluation standards
*Supplier qualitification and selection 
process
*Visit supplier facilities
*User survey results
*Quality assurance clauses

*Evaluation of proposals
*Evaluation of suppliers
*Qualified suppliers list
*Supplier selection
*Negotiated contract

Product 
Implementation

7) Managing 
supplier 
performance

*Negotiated contract
*Contract milestones
*Acquirer's deliverables provided to 
supplier
*Monitor supplier progress
*Supplier performance criteria

*Work segments approved
*Completed milestones
*Software deliverables
*Reliability and quality 
measurements
*Feedback to suppliers

Product 
Acceptance

8) Accepting the 
software

*Acceptance critera
*Evaluation criteria
*Test criteria
*Quality plan
*Maintenance plan
*Supplier performance criteria
*Establish acceptance process

*Acceptance process
*Acceptable software
*Usable documentation

Follow-on 9) Using the 
software

*Software deliverables
*Documentation
*Support available
*Quality plan
*Maintenance plan

*Contracting practices evaluated
*Practices to change
*Practices to retain
*User satisfaction assessment
*Supplier performance data  

The software acquisition process provides a structure of major acquisition steps 

that are applicable to the acquisition of either fully developed software or MOTS software. 

The activities contained in each step all bear upon the development of a software product with 

the potential for high quality. Other related project objectives may also be improved upon or 

enhanced through the application of quality principles. Such objectives include on-time 
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delivery and cost-effectiveness. Utilization of the activities in this process is expected to result 

in the delivery of high-quality, well-documented products. 

While this process may appear to define the acquisition of fully developed 

software, it can be tailored to fit the acquisition of MOTS software by selecting those 

activities relevant to that purpose. 

The steps in this process include issues that organizations should consider when 

acquiring fully developed software. Some of the stated principles apply to contracting for any 

type of service and are covered in general acquisition guidance. However, these principles are 

included here for completeness and to emphasize that they can indeed be applied to fully 

developed software contracts as well as to others. 

The following sections describe only the steps that are focused on IT supplier 

selection decision analysis of the software acquisition life cycle. 

2.3.3.1 Supplier Evaluation Criteria 

The objective is to establish a proposal evaluation criterion that ensures that the 

most suited supplier to provide the service is selected. 

Evaluation criteria should be developed to use in reviewing supplier proposals, 

identifying non responsive suppliers, and selecting a qualified supplier. The supplier’s 

management qualifications, technical approach, quality assurance program, and proposed cost 

should be considered. 

A provision should be included in the RFP requiring inspections of supplier 

facilities to investigate and evaluate various factors, including financial position, technical 

capability, experience, and quality practices. 

2.3.3.2 Identifying Potential Suppliers 

There are five steps that one needs to do when identifying potential suppliers [24]: 

a) Gather information on available software products: information should be 

gathered about available software products. For fully developed software 
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development, the suppliers with MOTS software should be considered. 

Information may be obtained from sources such as trade publications, consultants, 

suppliers, and user groups. 

b) Evaluate software during a demonstration: it describes to the supplier what the 

intended use of the software product is, and ask that the demonstration include the 

intended use. Suppliers like to demonstrate the software at their own facility or at 

a customer site. This demonstration provides insight into how well the software 

functions, how screen displays and reports are generated by the system, how file 

processing is handled, and how users can interact with the system. A potential 

acquirer may find it helpful to review the supplier’s documentation before the 

demonstration. How well the software matches the documentation may be 

assessed during the demonstration. However, the acquirer may prefer to have the 

supplier run the demonstration at a site of the acquirer’s choosing and with the 

acquirer’s test data. If this is not possible, existing users should be contacted to 

obtain insight from their experience in using the product or in dealing with the 

supplier. 

c) Survey users of the supplier’s software: one indicator of the quality and 

effectiveness of a software product is the number of satisfied companies currently 

using the software. Users can provide information on volume throughput planning 

and system degradation, and important insights on correcting software failures. 

The nature, quality, speed, and reliability of maintenance may be determined by 

exploring other users’ experiences. The following should be considered: 1) 

Establishing functional and performance requirements; 2) Evaluating software 

product against the above; 3) Evaluating the adequacy of the development process 

including the activities of quality assurance, configuration management, 

verification and validation, reliability measurement, documentation, and 

maintenance. 

d) Review performance data from previous contracts: if software has been 

previously acquired from any of the potential candidates, it would be helpful to 
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review performance data on each supplier from previous contracts and to 

determine user satisfaction with the software and supplier support. 

e) Survey several supplier’s offerings: survey suppliers’ offerings, evaluating their 

capability to provide quality software products and services, and identify any 

limitations and liabilities in meeting the organization’s objectives. After 

evaluating the suppliers on the basis of their answers to the following elements: 

financial soundness, experience and capabilities, development and control 

processes, technical assistance, quality practices, maintenance service, product 

usage, product warranty, costs, and contracts, the best two or three candidates to 

receive the RFP should then be chosen. Each candidate should conduct a 

demonstration and provide formal proposals with detailed cost estimates as input 

to the final decision. 

2.3.3.3 Evaluating Proposals and Selecting Supplier 

The objective is to ensure that a skilled and responsible supplier is selected. The 

supplier qualification and selection process is established as a part of the software acquisition 

process and includes, as a minimum, the following activities: 

a) Evaluate supplier proposal: 1) use the evaluation criteria established in the 

acquirer’s proposal evaluation standards to review supplier’s responsiveness to the software 

requirements, deliverables, and software support requirements described in the RFP. Consider 

the supplier’s management qualifications, technical approach, quality assurance program, and 

proposed cost estimate; 2) consider any results observed during supplier demonstrations at the 

supplier’s site or the acquirer’s site, and supplier facility visits; 3) determine for whom the 

supplier has produced work. Solicit comments from the supplier’s prior customers; 4) costs 

should be compared to other supplier’s prices and schedules. Caution should be exercised 

when the supplier’s proposed costs are much higher or lower than the average of all costs 

received; 5) suppliers that are not completely responsive to the requirements in the RFP 

should be eliminated from further consideration. 

b) Visit supplier facilities: 1) during the proposal evaluation period, visit supplier 

facilities to investigate and evaluate various factors, including financial position, technical 
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capability, experience, and quality practices; 2) determine whether or not the supplier’s staff 

has experience with the required languages and with the software and hardware to be used 

during development. Review CV (curriculum vitae) of personnel who would be assigned to 

the project. Conduct interviews if needed; 3) determine whether any changes are under 

consideration that might impact the progress of the development project, i.e., changes in 

organization, moving of supplier offices, or change in ownership. 

c) Select a qualified supplier: summarize the results achieved from supplier 

evaluations, demonstrations, and visits to supplier facilities and compare the results against 

the proposal evaluation standards. Select a qualified supplier from the best two or three 

candidates and begin negotiations. 

d) Negotiate the contract: since this activity is more related to outsourcing 

contract engineering, then it is not going to be specified here. 

2.3.4 The IT Infrastructure Library (ITIL) 

The ITIL library has the following components: 

• The ITIL Core – best practice guidance applicable to all types of 

organizations who provide services to a business. 

• The ITIL Complementary Guidance – a complementary set of publications 

with guidance specific to industry sectors, organization types, operating 

models and technology architectures. 

The ITIL Core consists of five areas (Figure 8). Each area provides the guidance 

necessary for an integrated approach, as required by the ISO/IEC 20000 standard 

specification. The area related to IT supplier selection decision analysis is highlighted in the 

figure. 
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Figure 8: ITIL Core 

Each area addresses capabilities having direct impact on service supplier’s 

performance. The structure of the Core is in the form of a lifecycle. It is iterative and 

multidimensional. It ensures organizations are set up to leverage capabilities in one area for 

learning and improvements in others. The Core is expected to provide structure, stability, and 

strength to Service Management capabilities with durable principles, methods and tools. This 

serves to protect investments and provide the necessary basis for measurement, learning and 

improvement. 

The ITIL for Service Design forms part of the overall ITIL Service Management 

practices and covers the design of appropriate and innovative IT services to meet current and 

future agreed business requirements. It describes the principles of Service Design and looks at 

identifying, defining and aligning the IT solution with the business requirements. It also 

introduces the concept of the Service Design Package and looks at selecting the appropriate 

Service Design model. 

The context of the ITIL for Service Design is the ITIL framework as a source of 

good practice in Service Management. ITIL is used by organizations worldwide to establish 

and improve capabilities in Service Management. ISO/IEC 20000 provides a formal and 

universal standard for organizations seeking to have their Service Management capabilities 
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audited and certified. While ISO/IEC 20000 is a standard to be achieved and maintained, ITIL 

offers a body of knowledge useful for achieving the standard. 

ITIL for Service Design is a part of the overall business change process. Once 

accurate information has been obtained on what is required and signed off, with regard to the 

changed needs of the business, the plan for the delivery of a service to meet the agreed need 

can be developed. 

The role of the Service Design stage within this overall business change process 

can be defined as [12]: “The design of appropriate and innovative IT services, including their 

architectures, processes, policies, and documentation, to meet current and future agreed 

business requirements”. 

It is important that the right interfaces and links to the design activities exist. 

When designing new or changed services, it is vital that the entire Service Lifecycle and IT 

Service Management (ITSM) processes are involved from the outset. Often difficulties occur 

in operations when a newly designed service is handed over for live running at the last 

minute. The following are actions that need to be undertaken from the outset of a Service 

Design to ensure that solution meets the requirements of the business [12]: 

• The new service solution should be added to the overall Service Portfolio 

from the concept phase, and the Service Portfolio should be updated to 

reflect the current status through any incremental or iterative development. 

This will be beneficial not only from the financial perspective, but also 

from all other areas during design. 

• As a part of the initial service/system analysis, there will be need to 

understand the Service Level Requirements (SLRs) for the service when it 

goes live. 

• From the SLRs, the Capacity Management team can model this within the 

current infrastructure to ascertain if this will be able to support the new 

service. If time allows, the results from the modeling activities can be built 

into the Capacity Plan. 
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• If new infrastructure is required for the new service, or extended support, 

Financial Management will need to be involved to set the budget. 

• An initial Business Impact Analysis and risk assessment should be 

conducted on services well before implementation as invaluable input into 

IT Service Continuity Strategy, Availability Design and Capacity Planning. 

• The Service Desk will need to make aware of new services well in advance 

of live operation to prepare and train Service Desk staff and potentially IT 

customer staff. 

• Service Transition can start planning the implementation and build into the 

change schedule. 

• Supplier Management will need to be involved if procurement is required 

for the new service. 

Inside the ITIL for Service Design, the area related to IT supplier selection 

decision analysis is the supplier management process, which will be explained in the next 

section. 

2.3.4.1 Supplier Management Process 

The Supplier Management process ensures that suppliers and the services they 

provide are managed to support IT service targets and business expectations. The aim of this 

section is to raise awareness of the business context of working with partners and suppliers, 

and how this work can best be directed toward realizing business benefit for the organization. 

It is essential that Supplier Management process and planning are involved in all 

stages of the Service Lifecycle, from strategy and design, through transition and operation, to 

improvement. The complex business demands require the complete breadth of skills and 

capability to support provision of a comprehensive set of IT services to a business, therefore 

the use of value networks and the suppliers and the services they provide are an integral part 

of any end-to-end solution. Suppliers and the management of suppliers and partners are 

essential to the provision of quality IT services. 
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The purpose of the Supplier Management process is to obtain value for money 

from suppliers and to ensure that suppliers perform to the targets contained within their 

contracts and agreements, while conforming to all of the terms and conditions [12]. 

The Supplier Management process should include: 

• Implementation and enforcement of the supplier policy. 

• Maintenance of a Supplier and Contract Database (SCD). 

• Supplier and contract categorization and risk assessment. 

• Supplier and contract evaluation and selection. 

• Development, negotiation and agreement of contracts. 

• Contract review, renewal and termination. 

• Management of suppliers and supplier performance. 

• Agreement and implementation of service and supplier improvement 

plans. 

• Maintenance of standard contracts, terms and conditions. 

• Management of contractual dispute resolution. 

• Management of sub-contracted suppliers. 

Most of the topics included in the supplier management process are related to 

contract management, but just one, “supplier and contract evaluation and selection”, contains 

topics related to Decision Analysis, since it includes the decision process of selecting the best 

supplier for the client. 

The activities associated with the identification of business needs and the 

subsequent evaluation of new suppliers and contracts are part of the “Evaluation of new 

Suppliers and Contracts” activity. The outputs from this area provide the inputs to all other 

stages of the contract lifecycle. IT is vital to the ongoing success of the contract and the 

relationship that the business is closely involved in all aspects of these activities. Every 
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organization should have templates and a formal method for the production of business case 

and their approval and sign-off. The detailing of the business needs and the content of the 

business case should be agreed, approved and signed off by both the business and IT. 

2.3.4.1.1 Evaluation of New Suppliers and Contracts 

The outputs from this area provide the inputs to all other stages of the contract 

lifecycle. Every organization should have templates and formal methods for the production of 

business cases and their approval and sign-off. The activities associated with the identification 

of business needs and the subsequent evaluation of new suppliers and contracts are presented 

next: 

• Identify method of purchase or procurement. 

• Establish evaluation criteria – for example, services, capability (both 

personnel and organization), quality and cost. 

• Evaluate alternative options. 

• Select. 

When selecting a new supplier, a number of factors need to be taken into 

consideration, including track record, capability, references, credit rating and size relative to 

the business being placed. In addition, depending on the type of supplier relationship, there 

may be personnel issues that need to be considered. Each organization should have processes 

and procedures for establishing new suppliers and contracts. 

While it is recognized that factors may exist that influence the decision on the 

type of relationship or choice of the supplier (e.g. politics within the organization, existing 

relationships), it is essential that in such cases the reasoning is identified and the impact fully 

assessed to ensure costly mistakes are avoided. 

Services may be sourced from a single supplier or multi-sourced. Services are 

more likely to be sourced from two or more competing suppliers where the requirement is for 

standard services or products that are readily available “off-the-shelf”. Multi-sourcing is most 

likely to be used where cost is the prime determinant, and requirements for developing 
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variants of the services are low, but may also be undertaken to spread risk. Suppliers on a 

multi-source list may be designated with preferred supplier status within the organization, 

limiting or removing scope for use of other suppliers. 

2.3.5 Project Management Body of Knowledge (PMBOK) Guide 

The PMBOK guide is intended to provide a common lexicon within the 

profession and practice for talking and writing about project management. Project 

management is a relatively young profession, and while there is substantial commonality 

around what is done, there is relatively little commonality in the terms used. 

Project management is the application of knowledge, skills, tools, and techniques 

to project activities to meet project requirements. Project management is accomplished 

through the use of the processes such as: initiating, planning, executing, controlling, and 

closing. The project team manages the work of the projects, and the work typically involves: 

• Competing demands for: scope, time, cost, risk, and quality. 

• Stakeholders with differing needs and expectations. 

• Identified requirements. 

It is important to note that many of the processes within project management are 

iterative in nature. This is in part due to the existence of and the necessity for progressive 

elaboration in a project throughout the project life cycle; i.e., the more you know about your 

project, the better you are able to manage it. 

2.3.5.1 Project Management Knowledge Areas 

The Project Management Knowledge Areas describe project management 

knowledge and practice in terms of their component processes. These processes have been 

organized into nine knowledge areas, as described below and as illustrated in Figure 9. The 

knowledge area that is focused on IT supplier selection decision analysis is highlighted in 

Figure 9, and will be explained in the next section. 
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Figure 9: Overview of Project Management Knowledge Areas and Project Management Processes 

2.3.5.2 Project Procurement Management 

Project Procurement Management includes the processes required to acquire 

goods and services, to attain project scope, from outside the performing organization. For 

simplicity, goods and services, whether one or many, will generally be referred to as a 

product. It contains the following major processes: 

• Procurement Planning: determining what to procure and when. 

• Solicitation Planning: documenting product requirements and identifying 

potential sources. 

• Solicitation: obtaining quotations, bids, offers, or proposals, as appropriate. 

• Source Selection: choosing from among potential suppliers. 

• Contract Administration: managing the relationship with the supplier. 

• Contract Closeout: completion and settlement of the contract, including 

resolution of any open items. 

These processes interact with each other and with the processes in the other 

knowledge areas as well. Each process may involve effort from one or more individuals or 
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groups of individuals, based on the needs of the project. Although the processes are presented 

here as discrete elements with well-defined interfaces, in practice they may overlap and 

interact in ways not detailed here. 

Project Procurement Management is discussed from the perspective of the client 

in the client-supplier relationship. The client-supplier relationship can exist at many levels on 

one project. Depending on the application area, the supplier may be called a subcontractor, a 

vendor, or a supplier. 

The supplier will typically manage its work as a project. In such cases: 

• The client becomes the customer, and is thus a key stakeholder for the 

supplier. 

• The supplier’s project management team must be concerned with all the 

processes of project management, not just with those of this knowledge 

area. 

• The terms and conditions of the contract become a key input to many of the 

supplier’s processes. The contract may actually contain the input (e.g., 

major deliverables, key milestones, cost objectives), or it may limit the 

project team’s options (e.g., client approval of staffing decisions is often 

required on design projects). 

The first four processes will be discussed here, since the last two (contract 

administration and contract closeout) are more related to contract management. 

2.3.5.2.1 Procurement Planning 

Procurement planning is the process of identifying which project needs can be 

best met by procuring products or services outside the project organization and should be 

accomplished during the scope definition effort. It involves consideration of whether to 

procure, how to procure, what to procure, how much to procure, and when to procure. 

When the project obtains products and services (project scope) from outside the 

performing organization, the processes from solicitation planning through contract closeout 
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would be performed once for each product or service item. The project management team 

may want to seek support from specialists in the disciplines of contracting and procurement 

when needed, and involve them early in the process as a member of the project team. 

When the project does not obtain products and services from outside the 

performing organization, the processes from solicitation planning through contract close-out 

would not be performed. 

Procurement planning should also include consideration of potential suppliers, 

particularly if the client wishes to exercise some degree of influence or control over 

contracting decisions. Figure 10 shows the procurement planning process, presenting the 

inputs and outputs of the process, and the tools and techniques used on it. 

 

Figure 10: Procurement Planning Process [34] 

2.3.5.2.2 Solicitation Planning 

Solicitation planning involves preparing the documents needed to support 

solicitation. Figure 11 shows the solicitation planning process, presenting the inputs and 

outputs of the process, and the tools and techniques used on it. 

 

Figure 11: Solicitation Planning Process [34] 
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2.3.5.2.3 Solicitation 

Solicitation involves obtaining responses (bids and proposals) from prospective 

suppliers on how project needs can be met. Most of the actual effort in this process is 

expended by the prospective suppliers, normally at no cost to the project. Figure 12 shows the 

solicitation process, presenting the inputs and outputs of the process, and the tools and 

techniques used on it. 

 

Figure 12: Solicitation Process [34] 

2.3.5.2.4 Source Selection 

Source selection involves the receipt of bids or proposals and the application of 

the evaluation criteria to select a supplier. Many factors aside from cost or price may need to 

be evaluated in the source selection decision process. 

• Price may be the primary determinant for an off-the-shelf item, but the 

lowest proposed price may not be the lowest cost if the supplier proves 

unable to deliver the product in a timely manner. 

• Proposals are often separated into technical (approach) and commercial 

(price) sections with each evaluated separately. 

• Multiple sources may be required for critical products. The tools and 

techniques described here may be used singly or in combination. For 

example, a weighting system may be used to: 

o Select a single source who will be asked to sign a standard 

contract. 

o Rank order all proposals to establish a negotiating sequence. 
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On major procurement items, this process may be repeated. A short list of 

qualified suppliers may be selected based on a preliminary proposal, and then a more detailed 

evaluation will be conducted based on a more detailed and comprehensive proposal. Figure 13 

shows the source selection process, presenting the inputs and outputs of the process, and the 

tools and techniques used on it. 

 

Figure 13: Source Selection Process [34] 

2.3.6 Outsourcing and Acquisition Models Conclusions 

The previous models provide a set of guides and/or best practices focusing on 

Decision Analysis, but they only shows “what to do” from an abstract level, without the “how 

to do”. Hence, if an IT company needs to apply one of these models, it will need to analyze 

each of them, plan and develop a solution for their purpose, which leads to a big effort for the 

company. 

Table 15 shows the comparison among the models that have been analyzed in this 

work. It contains the name of the models in the first row at top right and right below, the name 

of the process of this model related to decision analysis/supplier selection. The criteria used to 

analyze each model are presented in the first column and for each criteria two aspects were 

analyzed, the “what to do” and the “how to do”. If a criterion is presented in the model 

analyzed and it shows an explanation of “what to do”, an “x” is marked in the table. The same 

idea is used for the “how to do” column. 

The development of the criteria was based on an analysis of all acquisition 

models. Each part of the acquisition models related to decision analysis/supplier selection was 

read and during the reading a list of criteria was created, if a criterion appears for the first time 

in the analysis of the acquisition models, it was added to this list. The final list is the one 

presented in the first column of Table 15. 
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Table 15: Acquisition Models Comparison 

 

The first disadvantage that is possible to see in Table 15 is that IEEE 1062 model 

does not contain a specific name for its part concerning decision analysis/supplier selection. 

According to [34, 40, 45], it is important that the decision making/selection 

supplier process includes a planning part. Then, IEEE 1062 has another disadvantage here, 

since it does not contain any of the decision planning criteria. PMBOK Guide has showed to 

be the most complete in this step. 

Another important step in a decision analysis/supplier selection is the definition of 

the evaluation criteria [41]. This sub process defines the criteria and its priorities that will be 

used by the evaluation method in the decision making process. The only model that includes 
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all the criteria of this step is CMMI-ACQ. ITIL for Service Design and PMBOK Guide have 

showed to be the less complete, since they just contain the first criteria. 

Making the analysis related to the identification of alternative solutions, ISO/IEC 

12207 and the ITIL for Service Design did not mention any criteria related to this step, unlike 

CMMI-ACQ and PMBOK Guide that provide all of them. 

In the next two steps, selection of the evaluation method and evaluation of 

alternatives, is where CMMI-ACQ have more advantage compared to the others models. It 

shows all the criteria from both steps, where the others just show one or any criterion. For 

example, in the select evaluation method step, CMMI-ACQ gives examples of typical 

evaluation methods that could be used in the decision making process. 

Finally, the last step of a decision making/supplier selection is the selection of the 

solution. This step was explained in different ways by the models but all of them presented 

the first criteria. However, only ISO/IEC 12207 contains the last criteria. 

According to the explanation from sections 2.3.1 to 2.3.5 and to the analysis that 

has been made here, it is possible to determine that the most complete model is CMMI-ACQ 

(DAR process), because it contains more criteria than the others. But, even so, it is not a 

complete model, since it does not include the criteria “identify responsible parties” and 

“maintain records of problems and opportunities and their disposition in a manner that 

permits auditing and learning from experience”. 

It is important to say also that ISO/IEC 12207 has a limitation as was explained in 

Singh [45]. It does not detail the life cycle processes in terms of methods or procedures 

required to meet the requirements and outcomes of a process. It also does not detail 

documentation in terms of name, format, explicit content, and recording media and may 

require development of documents of similar class or type. However, ISO/IEC 12207 does not 

imply that such documents be developed or packaged separately or combined in some 

fashion. 

Another limitation was analyzed on IEEE 1062. It is a model that just talks about 

software acquisition and does not mention another possible types of acquisition, for example, 

the IT acquisition, that is the topic of this work. 
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Hence, in Chapter 4, the proposed model in this work will include all the criteria 

defined in Table 15, explaining the “how to do” for each of them. 

2.4 DECISION METHODS 

The vast majority of the decision methods existing in literature concern the last 

two steps of Table 15 (evaluation of alternatives and selection of the solution). To classify 

them, a first distinction can be made by considering the decision related to the supplier 

selection problem that is, adopting single-sourcing, where the total demand is procured from 

the best supplier, or multiple-sourcing where, it is spitted among several suppliers. Below, it 

is presented consecutively the main alternatives of the decision methods. 

2.4.1 Single Sourcing Methods 

When a relatively small number of parts are externally procured, the total demand 

can be supplied by only one supplier. Such a single sourcing scenario seems tenable 

especially in the last decade, which has seen a significant shift in the sourcing strategy of 

many firms, moving from the traditional concept of having many suppliers to rely largely on 

one source with which a long term win–win partnership is established. In these circumstances, 

the decision consists of selecting one supplier for one order to meet the total client’s demand. 

This can be made while considering a single criterion or a multitude of criteria. The literature 

survey reveals that the quasi totality of published works dealing with sole sourcing concerns 

the procurement of a single item and does not carry over into inventory management over 

time [3]. 

2.4.1.1 Single Criterion Approaches 

Generally, in a situation with a single criterion, one retains the cost as the most 

important criterion. Traditionally, supplier selection and evaluation were based on picking the 

least invoice cost supplier, ignoring other important sources of indirect supplier costs like 

those associated with late delivery times, production breaks, poor quality of delivered goods, 

etc. To overcome such limitations while considering cost-oriented selection, the cost ratio 

method has the potential to yield much better decisions [3]. It evaluates supplier performances 
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by considering indirect costs using tools of standard cost analysis. This total cost approach 

aims at quantifying for every purchased item the costs associated with working with a specific 

supplier as much as possible in monetary units. Consequently, it collects all the costs related 

to quality, delivery and service and expresses them as a benefit or penalty percentage on unit 

price. This percentage is then used to adjust the supplier’s quoted price to obtain a net 

adjusted cost figure. Operationally speaking, the cost ratio method is an extremely complex 

approach, requiring a comprehensive cost-accounting system to generate precisely the 

required cost data [3]. Another alternative is the use of the activity based on costing approach 

(ABC) to compute total costs caused by a supplier in a firm’s production process. As in the 

cost ratio method, the system chooses the supplier who minimizes the total additional costs 

associated with the purchase decision (e.g., price differentials and supplementary estimated 

internal production costs caused by the supplier). A supplier evaluation can also be done by 

comparing budgeted and actual scores after delivery of the products. 

Mathematical programming was also employed to select only one supplier to 

supply all needed items. Using the economic ordering quantity (EOQ) concept, nonlinear 

program and a heuristic procedure using Lagrangian relaxation, the method was developed for 

supplier selection and lot sizing under conditions of multiple items, multiple suppliers, 

resource limitations and all-unit quantity discounts. The client’s objective is to minimize the 

sum of purchasing cost, inventory cost and ordering costs subject to an aggregate inventory 

investment constraint and an aggregate storage limitation constraint. 

2.4.1.2 Multi-criteria Approaches 

A large number of the researches dealing with procurement decision are 

concerned with selecting the best supplier taking into account the multi-objective nature of the 

problem. In this area, the most common approach that has been firstly used in supplier 

selection uses linear weighting methods to assess the supplier’s performance. This approach 

produces useful and reasonably reliable data, and is relatively easy to implement. The basic 

method is described as follows: giving some form of scoring methods, it consists in assigning 

weights to each criterion so that the biggest score indicates the highest importance. After that, 

ratings on the criteria are multiplied by their weights and summed in order to obtain a single 

figure for each supplier. Finally, the supplier who has the best mark compared to the whole of 
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the weighted criteria is chosen. We point out that such method is also suitable for the pre-

selection phase of the buying process. In this situation, we retain a set of suppliers having the 

highest scores. 

Using pair wise comparison, a more accurate scoring method that has been 

applied on supplier selection is the analytical hierarchy process (AHP) to cope especially with 

determining scores. It is a decision-making tool that can help to describe the general decision 

operation by decomposing a complex problem into a multi-level hierarchical structure of 

objectives, criteria, sub-criteria, and alternatives. 

According to Betencourt [7], multi-criteria decision analysis (MCDA) contributes 

in an original way to the process of investment decision. It initially transforms the role of the 

investment process from the perception and formulation stages through evaluation and choice 

ones. In relation to the perception and formulation stages, it contributes to the identification of 

possible actions (that is, opportunities of investment) and to the definition of a set of potential 

actions (that is, possible variables, as each variable constitutes an investment project 

competing with others). In relation to the evaluation and choice stages, the multi-criteria 

analysis offers a methodological structure that is much more realistic than the financial 

theory, in that it introduces both qualitative and quantitative criteria in the study of investment 

projects. 

MCDA is a wide research area comprising various methods and techniques [7], 

including Utility Theory, outranking and mathematical multi-objective programming 

methods. The problem of selecting the best supplier involves selecting a preferred option from 

a list of alternatives based on a reasonable number of criteria. The approaches fall into two 

main groups: Multi Attribute Value Function (MAVF) and Analytical Hierarchy Process 

(AHP). Both are scoring methods aimed at evaluating a set of criteria elements and sub 

criteria elements using a value function in the case of the MAVF approach and pair wise 

comparisons in the AHP approach. 

The method of multi-criteria decision analysis contains a single actor, making a 

decision against nature. The resultant delivery of desired outcomes is subject to risk from 

nature. Many multi-criteria decision analysis (MCDA) methods structure the decision- 

making process by introducing a value function which prescribes desirable trade-offs between 
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all achievable outcomes. Outcomes may have multiple attributes which may be used in their 

assessment through the value function. A weight on different outcomes or attributes is used to 

consider a range of rational preferences intrinsic to the decision-maker [16]. 

The role of the decision analyst in a multi-criteria analysis is to assist the decision-

maker in clarifying the nature of the risks, outcomes, and value functions at stake in a given 

decision. A structured interview or engagement is used to determine the correct decision 

weights needed to best reflect the preferences of a given decision-maker. 

2.4.1.2.1 Analytical Hierarchy Process (AHP) 

The Analytic Hierarchy Process (AHP) is a method developed by Saaty [43] to 

support multicriteria decisions, where ‘analytic’ indicates that the problem is broken down 

into its constitutive elements and ‘hierarchy’ indicates that a hierarchy of the constitutive 

elements is listed in relation to the main goal. The AHP has been used in a wide variety of 

complex decision-making problems such as the strategic planning of organizational resources, 

the evaluation of strategic alternatives, the justification of new manufacturing technology, 

choosing a manufacturing plant layout and making management decisions about continuous 

improvement processes [28]. 

Up-to-date successful applications of the AHP have been reported in 

manufacturing, marketing, finance, education, public policy, economics, medicine and sports. 

AHP is a multicriteria decision-making method that uses a hierarchical structure to solve 

complicated, unstructured decision problems, especially in situations where there are 

important qualitative aspects that must be considered in conjunction with various measurable 

quantitative factors. The AHP is aimed at integrating different measures into a single overall 

score for ranking decision alternatives. The following are the steps in the AHP method for 

decision making: 

Step 1: State the decision problem and overall objective/goal. 

Step 2: Structure the hierarchy from the top through the intermediate to the lowest 

level, which usually contains a list of alternatives. 
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Step 3: Construct matrices of pair wise comparisons for each of the lower-level 

measurements. The decision-maker has the option of expressing his or her intensity of 

preference on a nine-point scale. If two criteria are of equal importance, a value of 1 is given 

in the comparison, while a 9 indicates an absolute importance of one criterion over the other. 

Table 16 shows the nine-point scale. 

Table 16: Nine-Point Intensity of Importance Scale and its Description 

Intensity of 
importance 

Definition Explanation 

1 Equal importance Two activities contribute equally to the 
objective 

3 Moderate importance Experience and judgment slightly favor 
one activity over another 

5 Strong importance Experience and judgment strongly favor 
one activity over another 

7 Very strong or demonstrated importance An activity is favored very strongly 
over another; its dominance 

demonstrated in practice 
9 Extreme importance The evidence favoring one activity over 

another  is of the highest possible order 
of affirmation 

2,4,6,8 Intermediate values (for compromise 
between the above values) 

Sometimes one needs to interpolate a 
compromise judgment numerically 
because there is no good word to 

describe it 

 

Step 4: Pair wise comparisons among n elements in each level lead to an 

approximation of each aij=w i/w j, which is the ratio of the weight of element i to element j. 
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Step 5: Check the consistency after the pair wise comparison. Saaty [43] has 

shown that the largest eigenvalue, λ, of a reciprocal matrix A is always greater than or equal 

to n. If the pair wise comparisons do not include any inconsistencies, λ = n. The more 

consistent the maximum comparisons are, the closer the value of computed λ to n. 

If the pair wise comparison matrix is consistent, then the maximum eigenvalue 

should be equal to its number of order. However, that is usually not the case in practical 



Chapter 2           State of the Art 

A Decision Model for IT Supplier Selection 72 

operation. Therefore, the difference value between these two values can be used to judge the 

degree of consistency. For example, the decision-makers can weigh A higher than B and B 

higher than C. But it is also possible that they can weigh C higher than A. This produces an 

inconsistency in the matrix because AHP is expected to weigh A higher than C, based on the 

previous comparisons. The AHP method incorporates these inconsistencies into the model 

and provides the decision-makers with a measure of inconsistencies. 

A Consistency Index (CI), which measures the inconsistencies of pair wise 

comparisons, is given as: 

1−
−=

η
ηλ

CI , where λ is an eigenvalue of matrix A. 

A Consistency Ratio (CR) is given by: 








=
RI

CI
CR 100 , where CI=consistency index, RI=random index, n=number of 

columns. 

If CI is sufficiently small, the decision-makers comparisons are probably 

consistent enough to give useful estimates of the weights for the objective function. If CI/RI < 

0.10, the degree of consistency is satisfactory, but if CI/RI > 0.10, serious inconsistencies may 

exist, and the AHP may not yield meaningful results [43]. 

Step 6: If the CI and CR are satisfactory, then the decision is taken based on the 

normalized values; else the procedure is repeated till these values lie in the desired range. 

AHP involves structuring the problem from the overall objective, i.e., selecting 

the appropriate outsourcing supplier, to the sub-objectives, i.e., responsiveness, human 

resources, price, support, flexibility, compatibility, risk, quality, among others. AHP then 

develops priorities among all the sub-objectives within each level of the structure. It is based 

on both predetermined measurements and the decision-maker’s judgments throughout the 

system, which are calculated through pair wise comparisons. Thus, it can cope with the 

objectives that have not been effectively quantified using absolute measurements such as 

money. Decision-makers evaluate each objective against the others in each level; each level is 
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related to the level above and below it, and the entire stem is expressed mathematically, 

including the alternatives that can solve the problem. 

2.4.1.2.2 PROMETHEE Method 

The PROMETHEE (Preference Ranking Organization Method for Enrichment 

Evaluation) is a multi-criteria decision-making method developed by Brans et. al. [9]. It is a 

quite simple ranking method in conception and application compared with other methods used 

for multi-criteria analysis. It is well adapted to problems where a finite number of alternatives 

are to be ranked according to several, sometimes conflicting criteria [9]. 

The implementation of PROMETHEE requires two additional types of 

information, namely: (1) Information on the relative importance that is the weights of the 

criteria considered. (2) Information on the decision-maker’s preference function, which he/she 

uses when comparing the contribution of the alternatives in terms of each separate criterion. 

The weights coefficients can be determined according to various methods. In this 

study, AHP method is used to determine the criteria weights. 

The PROMETHEE method is appropriate to treat the multi-criteria problem of the 

following type: 

{ },)(),(max ,,21 Aaaffaf n ∈
L

 

where A is a finite set of possible alternatives, and fj denotes n criteria to be maximized. For 

each alternative, fj(a) is an evaluation of this alternative. When we compare two alternatives 

a,b Є A, we must be able to express the result of these comparisons in terms of preference. 

Therefore, we consider a preference function P. The preference function translates the 

difference between the evaluations of two alternatives (a and b) in terms of a particular 

criterion, into a preference degree ranging from 0 to 1. Let 
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be the preference function associated to the criterion, fj(i)  where Gj is a non-decreasing 

function of the observed deviation (d) between fj(a) and fj(b). In order to facilitate the 
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selection of the specific preference function, six basic types of this preference function are 

proposed to the decision maker by Brans et. al. [9] (usual function, U-shape function, V-shape 

function, level function, linear function and Gaussian function). In each case no more than 

two parameters (threshold, q, p or s) have to be fixed: 

• Indifference threshold q: the largest deviation to consider as negligible on 

that criterion. It is a small value with respect to the scale of measurement. 

• Preference threshold p: the smallest deviation to consider decisive in the 

preference of one alternative over another. It is a large value with respect 

to the scale of measurement. 

• Gaussian threshold s: it is only used with the Gaussian preference 

function. It is usually fixed as an intermediate value between indifference 

and a preference threshold. 

PROMETHEE permits the computation of the following quantities for each 

alternative a and b: 
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For each alternative a, belonging to the set A of alternatives, π(a,b) is an overall 

preference index of a over b, wj is the priority (weight) of the criterion. The leaving flow 

ø+(a) is the measure of the outranking character of a (how a dominates all the other 

alternatives of A).The higher ø+(a), the better the alternative. Symmetrically, the entering 

flow ø-(a) gives the outranked character of a (how a is dominated by all the other alternatives 

of A).The lower ø-(a), the better the alternative. ø(a) represents a value function, whereby a 

higher value reflects a higher attractiveness of alternative a and is called net flow. 
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The three main PROMETHEE tools can be used to analyze the evaluation 

problem: (1) the PROMETHEE I partial ranking, (2) the PROMETHEE II complete ranking 

and (3) the geometrical analysis for interactive aid (GAIA). The PROMETHEE I partial 

ranking provides a ranking of alternatives. In PROMETHEE I, alternative a is preferred to 

alternative b, aPb, if alternative a has a greater leaving flow than that of alternative b and a 

has a smaller entering flow than the entering flow of alternative b: 

).()()()(

);()()()(

);()()()(:

baandba

orbaandba

orbaandbaifaPb

−−++

−−++

−−++

<=
=>

<>

φφφφ
φφφφ
φφφφ

  

PROMETHEE I evaluation allows indifference and incomparability situations. 

Therefore, sometimes partial rankings can be obtained. In the indifference situation (aIb), two 

alternatives a and b has the same leaving and entering flows: 

).()()()(: baandbaifaIb −−++ == φφφφ  

Two alternatives are considered incomparable, aRb, if alternative a is better than 

alternative b in terms of leaving flow, while the entering flows indicate the reverse: 
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PROMETHEE II provides a complete ranking of alternatives from the best to the 

worst one. Here, the net flow (ø) is used to rank the alternatives, which can then be 

considered: 

)()()( aaa −+ −= φφφ  

It is the balance between the positive and the negative outranking flows. The 

alternative with the higher net flow is assumed to be superior. When PROMETHEE II is 

considered, all the alternatives are comparable. No incomparabilities remain, but the resulting 

information can be more disputable because more information gets lost by considering the 

difference [9]. 
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Since PROMETHEE I does not provide a complete ranking, resulting ranking can 

not be compared with the ranking provided by PROMETHEE II. PROMETHEE I ensure the 

creation of indifferent and incomparable alternatives. In some ranking problems, 

PROMETHEE I can give a complete ranking depending on the evaluation matrix values and, 

this ranking can not be different from the one achieved with PROMETHEE II. 

The geometrical analysis for interactive aid (GAIA) plane displays the relative 

position of the alternatives graphically in terms of contributions to the various criteria. 

Principal components analysis is applied to the matrix of “normed flows”, defined for 

alternative a and criterion j by: 
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where n is the number of alternatives, and this is used to generate a two-

dimensional plot in which the alternatives and criteria are represented in the same plan. 

2.4.2 Alternative Methods: Integrated Methods 

Methods for evaluating alternative solutions against established criteria can range 

from simulations to the use of probabilistic models and decision theory. These methods must 

be carefully selected. The level of detail of a method should be commensurate with cost, 

schedule, performance, and risk impacts [3]. 

While many problems may require only one evaluation method, some problems 

may require multiple methods [3]. For instance, simulations may augment a trade study to 

determine which design alternative best meets a given criterion. Suppliers competing to 

develop a technical solution for the acquirer may be directly evaluated in a final competition 

that involves a performance or functional demonstration of proposed solutions. 

This approach considers both quantitative and qualitative measures to better 

model the multi-criteria nature of the decision. They are achieved in two phases: 

• At first, a supplier evaluation is elaborated using a multi-criteria tool. For 

example, the AHP method is applied to make the trade-off between 

tangible and intangible factors and calculate a rating of suppliers. 
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• The second stage of this approach consists of effectively selecting the 

suppliers and allocating orders using mathematical programming to take 

into account the system constraints. 

Thereby, calculated ratings are applied as coefficients of an objective function in a 

linear program such that the total value of purchasing becomes a maximum. This single 

period single item model was constrained by the demand, capacity and quality requirements. 

Another approach consists of a multi-period single item mixed integer programming model 

that has a similar objective function. The formulation considered constraints treating the 

requested demand, quality and lead time satisfaction, and the minimum and maximum 

ordered quantity. 

2.4.3 Decision Methods Conclusions 

Table 17 shows a comparison of the decision methods explained in the last 

sections. It contains the name of the decision methods in the first row, and in the first column 

the name of each criterion used to analyze the decision methods. If a criterion is presented in 

the methods analyzed, an “x” is marked in the table. 

Table 17: Decision Methods Comparison 

 
 

The criteria analyzed can be explained as follows: 

• Multi criteria: the decision can handle more than one criterion in its 

evaluation. 

• Simple complexity: as the name says, concerns about the simplicity of the 

methods, if it is easy to use them. 
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• High accuracy: the decision method provides a high level of accuracy in 

its results. 

• Identification of possible actions: the decision method gives the ability to 

identify the possible action that the user can take. 

• Definition of possible actions: the decision method gives the ability to 

define the possible actions that the user can take, i.e., gives the best option 

for the user. 

• Realistic: the methods give more accurate results related to real life 

situations. 

• No criteria compensation: the method doesn’t provide compensation (i.e., 

trade-off) between good scores on some criteria and bad scores on other 

criteria. 

• Structuring possibility: the method gives the distinct advantage that it can 

decompose a complex decision problem into sub-problems and build 

hierarchies of criteria. By doing so, the decision problem is unbundled into 

its smallest elements. 

• Less time consuming: as the name says, it talks about the time taking to 

understand and use the method. 

After these considerations, it can be concluded taking into account Table 17, that 

the first three decision methods (cost ratio method, activity based costing and mathematical 

programming) are more simple and less consuming, but also were developed to analyze 

simple problems with no multi criteria. The linear weighting method have simple complexity 

and can be applied in multi criteria problems, but it fails to include the others criteria. 

The last four decision methods (AHP, PROMETHEE, ANP and MRO) are more 

complete comparing the first ones described in the last paragraph, but again does not contain 

all the criteria defined, each one fails in some criterion. Then, it is possible to see that none of 

the methods analyzed provides all the criteria defined. 
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The proposed model in this work, which will be explained in Chapter 4, will 

contain all the proposed criteria, it will use the advantages of the discussed models in Table 

17 and will try to decrease the influence of their disadvantages. 

2.5 FINAL CONCLUSIONS 

The systematic review results indicate a lack of studies in this area, since just 80 

were found and none of them are specific related to the definition of a decision analysis 

model. Most of the 71% of studies that defined how to find the best alternative in a decision 

making process did not developed a complete model to be used in the IT area, which is a 

motivation for the development of the work that will be presented in the next sections. 

Concerning the outsourcing and acquisition models, they provide a set of guides 

and/or best practices focusing on Decision Analysis, but they only show “what to do” from an 

abstract level, without the “how to do”. Hence, if an IT company needs to apply one of these 

models, it will need to analyze each of them, plan and develop a solution for their purpose, 

which leads to a big effort for the company. 

According to the explanation from sections 2.3.1 to 2.3.5 and to this analysis 

made in section 2.3.6, it is possible to determine that the model related to DAR that is more 

complete is the CMMI-ACQ, since it contains more criteria than the others. But, even so, it is 

not a complete model, since it does not include the criteria “identify responsible parties” and 

“maintain records of problems and opportunities and their disposition in a manner that 

permits auditing and learning from experience”. 

About the decision methods, two methods (AHP and PROMETHEE) contained 

more criteria than the others models analyzed, but even so they did not include all of the 

establish criteria. Once again, none of the methods contained all the defined criteria, showing 

the same situation of the acquisition models analysis. 

Hence, there is a lack of an IT outsourcing decision analysis model that includes 

all the criteria defined in Table 15 and that uses a decision method with all the criteria defined 

in Table 17. Then, an IT outsourcing decision analysis model will be proposed in Chapter 4, 

which will do exactly this. 
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The proposed model in this work is based in a combination of AHP and 

PROMETHEE methods and the reasons for this election are: 

• Underlying value judgments (Criteria Compensation): the AHP method is 

a complete aggregation method of the additive type [43], the problem with 

such aggregation is that compensation (i.e., trade-off) between good scores 

on some criteria and bad scores on other criteria can occur. Detailed, and 

often important, information can be lost by such aggregation [43]. This is 

not the case with the PROMETHEE method, because such trade-offs are 

avoided. It means a very bad score on a criterion cannot be compensated 

by good scores on other criteria. 

• The structuring of the problem (Structuring Possibility): the 

PROMETHEE method does not provide structuring possibility. In the case 

of many criteria, it may become very difficult for the decision maker to 

obtain a clear view of the problem and to evaluate the results. The AHP 

method has the distinct advantage that it can decompose a complex 

decision problem into sub-problems and build hierarchies of criteria. By 

doing so, the decision problem is unbundled into its smallest elements. 

Here, the importance of each criterion becomes clear. 

• Determination of the weights: in AHP, the weights can be determined by 

the eigenvector method. With PROMETHEE, no specific guidelines are 

provided to determine the weights. In addition, the generalized criteria 

need to be defined, which may be difficult to achieve by an inexperienced 

decision maker. 

• The evaluation elicitation: an important disadvantage of the AHP method 

is the artificial limitation of the use of the 9-scale. Some decision problems 

need a larger scale. From the above analysis, it can be concluded that the 

AHP method has the distinct advantages which can decompose a complex 

decision problem into sub-problems, build hierarchies of criteria, and 

determine the weights of criteria, while the PROMETHEE method has 

advantage that it can help users in ranking alternatives. Combining with 
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advantages of both the AHP and PROMETHEE method, it is proposed a 

hybrid multiple criteria decision aid method for the IT outsourcing. The 

AHP method is used to analyze the structure of the outsourcing problem 

and determine the weights of criteria, and the PROMETHEE method is 

used for final ranking. 

Other facts that affect this decision were based on the following aspects: 

• They are multi criteria methods. 

• They can be easily understood and applied by managers (simple 

complexity and high accuracy). 

• They can identify and define the possible actions to be done by the user. 

• They are methods with large penetration both in academic and 

professional environment. 

• They are implemented by business tools widely testes and validated, with 

which it is possible to accomplish, visually, the sensitivity analysis and 

practical way. 

• They have many applications in studies related to IT projects. 
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3 PROBLEM STATEMENT 

3.1 CONTEXT 

In this chapter, first in Section 3.2 it is described what is happening today when a 

company has to select an IT supplier, mentioning the outsourcing market numbers, problems 

faced, why the acquisition projects fails, etc. Following the problem description, it is 

presented the hypothesis used to develop this project (Section 3.3), the description of the 

proposed solution to the problem discussed (Section 3.4) and the work plan (Section 3.5). 

3.2 PROBLEM DESCRIPTION 

IT supplier selection in outsourcing is a complex and opaque decision problem. 

Managers facing a decision about IT supplier selection in outsourcing have difficulty in 

framing what needs to be thought about further in their discourses. Framing is one of the most 

crucial steps of human decision making and needs to be assisted to better understand a 

decision situation [5]. 

Today ’s business activities depend heavily on supporting information technology 

(IT), so its maintenance is a critical process and needs to be performed with the highest 

possible quality. The IT supplier selection in outsourcing problem requires organization-

specific and technical knowledge to achieve the desired IT quality and it can be a daunting 

task for managers who are uncertain about its differents implications. Given the complexities 

inherit to supplier selection decision [5], it is considered as an opaque decision problem; 

meaning that it is lucid, hard to understand or explicate and cannot be solved simply with 

common sense and an intuitive appraisal. 

Trend analysts such as Morgan & Chambers [32] and IDC [27] predict annual 

growth figures of approximately 10%. IDC is of the opinion that customers will increase their 

outsourcing spending from 2011 as the economy revives and expects spending for these 
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services to reach an estimated $57 billion by 2014 [19]. Aarkstore Enterprise predicts annual 

spend on outsourcing will exceed $700 billion globally by 2013 [1]. 

Although the popularity of information technology (IT) outsourcing has grown 

over the last two decades, many outsourcing arrangements do not last. The study from 

Dorothy et al.[22] found that approximately a third of companies studied had canceled 

outsourcing contracts. Also according to a study of SEI (Software Engineering Institute) [40], 

20 to 25 percent of large information technology (IT) acquisition projects fail within two 

years and 50 percent fail within five years. The factors that contribute to project failure are: 

• Mismanagement, 

• Poor requirements definition, 

• Lack of comprehensive evaluations, which can be used to come up with 

the best candidates for outsourcing, 

• Inadequate supplier selection and contracting processes, 

• Insufficient technology selection procedures, 

• Uncontrolled requirements changes. 

The majority of project failures could be avoided if the acquirer learns how to 

understand the decision problems, makes better decision analysis, and good judgment [40]. 

Recently, some large outsourcing failures have received wide attention. For example, JP 

Morgan Chase & Co. ended its outsourcing relationship with IBM Corporation after only two 

years of what was projected to be a seven-year, $5 billion arrangement [22]. JP Morgan Chase 

& Co. returned all IT functions back in house. 

A major reason for the failure of the outsourcing relationship is that top 

executives in highly competitive IT-intensive industries are discovering that IT infrastructure 

is, in fact, a competitive asset. Hence, a bad decision in selecting a supplier could generate 

poor service, price and relationship between client and supplier [22], which will end in the 

failure of the outsourcing relationship. When the contract is finished because of the failure, 

the next action is backsource or switch supplier, which according to Dorothy [22] is not 
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possible without cost and risk. Due to the return of employees, assets, and knowledge into 

firm, switching cost can be significant, and the estimation of the cost of backsource for 

example, is usually between 2% and 15% of the annual cost of a contract [22]. Also Gill [28] 

said that wrong IT supplier selection decision is one of the critical reasons which cause the 

high IT outsourcing failure. 

Even when there are models that mention topics related to IT supplier selection 

decision analysis, like CMMI-ACQ, IEEE 1062, ISO/IEC 12207, etc, they just show the 

“what to do” without the “how to do”. Moreover, they don’t show 1) the evaluation criteria 

and its priorities that should be used in an IT supplier selection decision, 2) a process to 

identify and pre-qualify the potential suppliers, 3) the evaluation method that should be used, 

how to use it and in which part of the decision process it should be applied. 

Therefore, the scientific IT supplier selection decision process is very important to 

increase the success rate of outsourcing. The problem of how to scientifically make the IT 

supplier selection decisions tends to be an important topic and, as presented in the systematic 

review, there isn’t a specific model developed to do it. 

Between the factors that could be presented to show that is important to develop 

this work are: 

• The amount of importance that IT outsourcing has gained in the past few 

years, with increasing annual growth [1, 19, 27, 32]. 

• The acquisition models that just show the “what to do” without the “how 

to do”. 

• The importance of making a good decision when selecting an IT supplier 

[28]. 

• The amount of failures that the outsourcing relationships are having due to 

a wrong decision when selecting an outsourcing supplier [22, 28]. 
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3.3 HYPOTHESIS OF THIS WORK 

The objective of this work is the development of a decision model for IT supplier 

selection that will try to decrease the amount of failures seen in the relationships between the 

client-supplier. Some of the factors that contribute to the failure in the relationship between 

the client-supplier are the lack of comprehensive evaluations that can be used to come up with 

the best candidates for outsourcing, and the inadequate supplier selection. 

The decision model proposed in this work will provide a way to do a 

comprehensive evaluation, identifying and defining the activities to do before taking the final 

decision to select the best supplier. The activities indentified and described in this model are: 

1) decision planning, 2) definition of evaluation criteria and its priorities, 3) identification of 

alternative solutions, 4) selection of an evaluation method and 5) evaluation and selection of 

the best solution. 

Hence, this work will have as hypothesis: 

1. The proposed decision model will act as a guide to define the evaluation 

criteria and its priorities when selecting an IT supplier. 

In accordance with the results obtained from the systematic review, the 

decision model should provide the appropriate evaluation criteria and how to 

define its priority, acting as a guide when making a decision to select an IT 

supplier. 

2. The evaluation method defined in the proposed model will allow the 

identification of the best solution (supplier). 

The evaluation method should identify, using the AHP and PROMETHEE 

methods, the best supplier between all alternative solutions, since one of the 

causes for an outsourcing relationship failure is a not well selection of the 

supplier. 
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3.4 DESCRIPTION OF THE PROPOSED SOLUTION 

The solution proposed in this work includes the activities that should be done by a 

company when making the decision of selecting an outsourcing supplier. It this way, the 

company will be capable of: 

• Establish the guidelines for the IT supplier selection decision analysis. 

• Understand better the evaluation criteria that should be used in the 

decision making for outsourcing supplier selection. 

• Define priorities between the elected evaluation criteria. 

• Define a rating scale to be used when analyzing the evaluation criteria. 

• Use a pre-qualification method to identify alternative solutions (suppliers), 

avoiding that too many alternatives be analyzed. 

• Apply evaluation methods in the decision analysis process. 

• Evaluate the criteria for each supplier, in a way that could be possible to 

select the best alternative. 

3.5 WORK PLAN 

To solve the problem described in the section 3.1, it is proposed in this work the 

development of “A decision model for IT supplier selection”. 

Next, the steps used during the development of this model will be shown. 

3.5.1 State of the Art 

In the state of the art three steps were done: 

3.5.1.1 Systematic Review 

The idea of the systematic review is discover studies related to IT supplier 

selection decision analysis, applying a prototype that defines: assessment objectives, reference 
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sources, both exclusion and inclusion criteria to be applied in the study, data extraction 

method, data analysis of primary studies. 

An analysis of the papers found in the systematic review was also done, with the 

development of the graphs showing: studies trends, studies classification, classification of 

studies by country and by model, and the proposals of the studies. 

3.5.1.2 Outsourcing and Acquisition Models Comparison 

In this part, a comparison of five models (CMMI-ACQ, ISO/IEC 12207, IEEE 

1062, ITIL for Service Design and PMBOK Guide) was done. First, it was presented an 

explanation of each part of the models that has some relation with outsourcing and supplier 

selection in the acquisition area. 

Then, it was presented a table comparing all the models. This comparison was 

done using a set of criteria to check the presence of them in each outsourcing and acquisition 

model. The idea was to check how complete the outsourcing and acquisition models were, 

and to make a relation with the decision model presented in this work 

3.5.1.3 Decision Methods Comparison 

In this part, it was presented an explanation of the decision methods, which 

includes the single sourcing models and the alternative models. Inside the single sourcing 

models, an explanation of the single criterion and multi criteria approaches was done, 

focusing in the two methods that were used in the model, the AHP and the PROMETHEE. 

Also, a table was presented with the criteria definition to compare all methods. 

3.5.2 Model Development 

The model development was divided in 5 steps: 

• Decision planning: in this first step, the typical guidelines for determining 

when to apply a formal evaluation process in decision analysis are shown. 

Also, it is shown some examples of situations when it is possible to apply 

it. 
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• Definition of evaluation criteria: using as an initial point, the work of 

Dickson [20] and its evaluation criteria table, a new table was defined 

taking into account Dickson’s table and the analysis of primary studies 

from the systematic review. The analysis of the primary studies from the 

systematic review found the criteria that are more used nowadays when 

dealing with IT supplier selection decision problem. New criteria were 

defined, others were deleted and other ones kept their place in the table. 

Also new priorities for the evaluation criteria were defined. Each of these 

criteria has also been explained, determining what they stand for and 

giving some ideas of how to evaluate them in a supplier. 

• Identification of alternative solutions: before applying the selected 

evaluation method, a pre-qualification of the suppliers was done. Using a 

special technique, the idea was to decrease, if needed, the amount of 

suppliers for the evaluation process. This pre-qualification creates a set of 

suppliers that agrees with a predetermined condition. The idea is to 

decrease the amount of calculations in the evaluation method, since doing 

this evaluation with 6 suppliers is easier than doing it with 15. 

• Selection of an evaluation method: this step defines and explains the 

method developed in this work for the outsourcing supplier selection. It 

explains how and when (i.e., which step) the two methods, AHP and 

PROMETHEE, are going to be used during the evaluation process. 

• Evaluation of alternatives and selection of the solution: since it is difficult 

to show how to evaluate the alternatives and select a solution without 

some concrete data (in this case, the data provided by the D-Sight 

software), this final step just gives a brief description of what it is and how 

it will be done in the case study. 

3.5.3 Case Study 

In the case study, nine different Spanish companies were selected to experiment 

the decision model developed in this work. This phase includes the following steps: 
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• Decision planning: it shows a brief description of how the case study will 

be done and of the nine different companies. 

• Definition of evaluation criteria: it shows how the evaluation criteria 

values was assigned to each company, using the rating scale defined on 

Section 4.4. 

• Identification of alternative solutions: it shows how was done the pre-

qualification of the solutions. 

• Selection of the evaluation method: it shows the proposed integrated 

method in two different parts: 

o AHP Calculations. 

o PROMETHEE Calculations. 

• Evaluation of alternatives and selection of the solution: it shows how to 

analyze the data provided by the AHP and PROMETHEE calculation to 

select the best solution. 
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4 RESOLUTION 

4.1 CONTEXT 

In this chapter it is explained the proposed decision model for IT supplier 

selection. As presented in Section 3.5.2, the proposed decision model is divided in 5 steps and 

the explanation of each of these steps is presented in 5 sections: 

• Section 4.3: Decision Planning, explaining the guidelines for a decision 

planning. 

• Section 4.4: Definition of Evaluation Criteria, explaining the evaluation 

criteria defined during the systematic review. 

• Section 4.5: Identification of Alternative Solution, explaining how to 

identify and pre-qualify the possible solutions (suppliers). 

• Section 4.6: Selection of Evaluation Methods, the proposed AHP-

PROMETHEE integrated approach, explaining this integrated approach. 

• Section 4.7: Evaluation of Alternatives and Selection of Solutions, 

explaining how the evaluation of alternatives and selection of solution is 

done. 

4.2 INTRODUCTION TO THE DECISION MODEL 

The proposed decision model for the IT outsourcing supplier selection problem is 

composed of 5 steps: (1) Decision planning, (2) Definition of evaluation criteria, (3) 

Identification of alternative solutions, (4) Selection of the evaluation method - the AHP-

PROMETHEE integrated approach and (5) Evaluation of alternatives and selection of 

solution (see Figure 14). 
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Figure 14: Schematic Representation of the Model Proposed for IT Supplier Selection. 

In the first three steps of the decision model, the decision planning is done, 

followed by the determination of the alternative suppliers and the criteria that will be used in 

the supplier evaluation. To verify that everything is accepted, it is created a decision hierarchy 

to be approved or not by the decision making team. 

The proposed AHP-PROMETHEE integrated approach is presented in the step 4, 

which is divided in 2 stages: 

• AHP Calculations – number 1-2. 

• PROMETHEE Calculations: number 1-7. 
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In the last step (step 5) of the proposed decision model the best outsourcing 

supplier is selected according to the rankings and GAIA plane obtained in the PROMETHEE 

calculations. 

All these steps are explained in the following sections. 

4.3 DECISION PLANNING 

Not every decision is significant enough to require a formal evaluation process. 

The choice between the trivial and the truly important are unclear without explicit guidance. 

Whether a decision is significant or not is dependent on the project and circumstances and is 

determined by established guidelines [40]. 

Typical guidelines for determining when to require a formal evaluation process 

include the following [40]: 

• A decision is directly related to topics that are medium to high risk. 

• A decision is related to changing work products under configuration 

management. 

• A decision would cause schedule delays over a certain percentage or 

amount of time. 

• A decision affects the ability of the project to achieve its objectives. 

• The costs of the formal evaluation process are reasonable when compared 

to the decision’s impact. 

• A legal obligation exists during a solicitation. 

• There is a risk that the decision will have a significant adverse effect on 

cost, quality, resources, or schedule. 

• Legal or supplier agreement issues must be resolved. 

As examples of when to use a formal evaluation process, it is possible to include: 
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• On decisions to trade off performance, cost, and schedule requirements 

during an acquisition. 

• On selecting, terminating or renewing suppliers. 

• On selecting training for project personnel. 

• On selecting a testing environment to be used for a product validation. 

• On determining the items to be selected for reuse in related projects. 

• On selecting an approach for ongoing support (e.g., disaster recovery, 

service levels). 

This work proposes a decision model for IT supplier selection, where the use of a 

formal evaluation process is needed. Some of the guidelines showed above fits in the situation 

of selecting a new supplier. 

4.4 DEFINITION OF EVALUATION CRITERIA 

Evaluation criteria provide the basis for evaluating alternative solutions. Criteria 

are ranked so that the highest ranked criteria exert the most influence on the evaluation. This 

process area is referenced by many other process areas in the CMMI-ACQ model, and there 

are many contexts in which a formal evaluation process can be used [40]. 

Document the evaluation criteria to minimize the possibility that decisions will be 

second-guessed or that the reason for making the decision will be forgotten is a good 

procedure according to SEI [40]. Decisions based on criteria that are explicitly defined and 

established remove barriers to stakeholder buy-in [40]. 

In this model, the AHP method involves structuring the problem from the overall 

objective (level 1 of Figure 15), i.e., selecting the appropriate outsourcing supplier, to the sub-

objectives (evaluation criteria) (level 2 of Figure 15): price, quality, delivery, flexibility, 

technical capability, risk, reputation and position in industry, compatibility, time, financial 

position, responsiveness, experience, human resources, market share, management and 

organization, and support. AHP then develops priorities among all the sub-objectives 
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(evaluation criteria) and alternatives (level 3 of Figure 15). It is based on both predetermined 

measurements and the decision-maker’s judgments throughout the system, which are 

calculated through pair wise comparisons. Thus, it can cope with the objectives that have not 

been effectively quantified using absolute measurements such as money. Decision-makers 

evaluate the overall objective against the sub-objectives, and the entire system is expressed 

mathematically, including the alternatives that can solve the problem [28]. 

Hence, the overall objective is decomposed into the sub-objectives (evaluation 

criteria) so as to form a hierarchical construction of the problem. The sub-objectives 

(evaluation criteria) were selected after the reading and analysis of the papers found in the 

systematic review, as discussed in Section 2.2.4 on page 23. The 16 evaluation criteria 

defined as a result from the systematic review are presented on Table 18. 

Table 18: List of Evaluation Criteria 

Price Quality 

Delivery Flexibility 

Technical Capability Risk 

Reputation and Position in Industry Compatibility 

Time Financial Position 

Responsiveness Experience (amount of past business) 

Human Resources Market Share 

Management and Organization Support (repair service) 

4.4.1 Price 

It refers to the total cost of IT outsourcing, which should be minimum. This 

criterion has a crucial role for management to decision making. In this work, discount issues 

and types of payment together were converted into a final offer price from supplier to client. 

The rating of the suppliers here is easy to do. The decision maker just needs to 

give a consistent scale, making a comparison between the final prices provided by the 

supplier. The rating scale, as will be explained later, is from 1 to 5 (unsatisfactory, below 

average, average, above average, outstanding). 
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4.4.2 Quality 

Quality is generally defined as conformance to requirements or fitness to use. But, 

like a multi-faceted diamond, quality may be perceived through five principal aspects: 1) 

transcendent quality is an idea, a condition of excellence; 2) product based quality is tied to 

product attributes; 3) user based quality reflects fitness to use; 4) manufacturing based quality 

is conformance to requirements; and 5) value based quality is the degree of excellence at an 

acceptable price. Whatever the perspective, quality has two major components: quality of 

conformance–quality is defined by the absence of defects; and quality of design–quality is 

measured by the degree of customer satisfaction with a product’s characteristics and features 

[18]. 

In supplying products or services there are three fundamental parameters that 

determine their saleability. They are price, delivery, and quality. Customers require products 

and services of a given quality to be delivered by, or be available by, a given time, and to be 

at a price that reflects value for money. These are the needs of customers. An organization 

will survive only if it creates and retains satisfied customers and this can only be achieved if 

the products or services meet customer needs and expectations. While price is a function of 

cost, profit margin, and market forces, and delivery is a function of the organization’s 

efficiency and effectiveness, quality is determined by the extent to which a product or service 

successfully serves the purpose of the user during usage (not just at the point of sale). Price 

and delivery are transient features whereas the impact of quality is sustained long after the 

attraction or the pain of price and delivery has subsided. Therefore, the fact that quality is on 

the second position of the list of evaluation criteria for supplier selection should not be 

surprising [18]. 
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To determine a scale for this criterion, the decision maker should answer the 

following questions of Table 19: 

Table 19: Assignment of the Rating Scale to the Quality Criterion 

# Questions Answers 
1 Are the development and control processes followed? Yes () No () 

2 Is a total quality program in place? Yes () No () 

3 If a total quality program is in place, is it documented? Yes () No () 

4 Does the quality program assure the product meets the specifications? Yes () No () 

5 Is a corrective action process established to handle error corrections and technical 
questions? 

Yes () No () 

 

The number of questions answered with “yes”, will give the scale of the supplier, 

from 1 to 5. If all the questions are answered with “no”, the supplier will also receive a 1, 

since it is the minimum rating scale defined. 

Also 3 additional requirements (knowledge skills of the supplier, number of 

quality certificates supplier owns and technological quality of the supplier) can be taken into 

account when classifying one supplier. They can be used as another scale to help the final 

decision. For example, if two suppliers received a 5 using the questions above, it could be 

possible to give a 5 scale to a supplier that have better performance in these 3 requirements, 

and a 4 scale to the second one. 

4.4.3 Delivery 

Along with quality, another factor that is considered a basic prerequisite for 

supplier selection is delivery. Even after 44 years since Dickson’s study [20] “quality” and 

“delivery” remain between the most important supplier selection criteria. In a fundamental 

sense, these form the threshold criteria that buying firms apply to all suppliers before they can 

be considered as strategic partners in the client-supplier relationship [18]. They have emerged 

as order qualifiers to the extent that if suppliers cannot demonstrate acceptable performance in 

these two areas, they will be dropped as potential candidates during the screening phase itself. 

One possible explanation for the fact that these two criteria (“quality” and “delivery”) 

continues in a high position in the rank is that conformance to specifications on them will 
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ensure minimization of disruptions in the client’s operations thereby ensuring uninterrupted 

production. 

The rating scale of delivery criterion can be defined conforming to Table 20: 

Table 20: Assignment of the Rating Scale to the Delivery Criterion 

Criterion Criteria Values Rating 

Delivery compliance with quantity 
constraint 

99-100% Pickup with proper quantity 5 
96-99% Pickup with proper quantity 4 
93-96% Pickup with proper quantity 3 
90-93% Pickup with proper quantity 2 
<90% Pickup with proper quantity 1 

 

4.4.4 Flexibility 

This criterion is a qualitative measure stating how fast the supplier can adapt its 

system to changes [4]. 

• Customization: the ability to customize product as demanded by the client. 

• Process flexibility: the ability to adjust manufacturing process as 

demanded by the client. 

• Emergency order processing: the ability to fill emergency orders with 

required amount in a required time. 

• Flexibility in service: the ability to provide flexible services other than the 

above items. 

• Flexibility in billing: flexibility in billing and payment conditions 

increases goodwill between the client and the supplier. 
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To determine a scale for this criterion, the decision maker should answer the 

questions of Table 21: 

Table 21: Assignment of the Rating Scale to the Flexibility Criterion 

# Questions Answers 
1 Does the supplier provide the possibility of 

customization? 
Yes () No () 

2 Is process flexibility provided by the supplier? Yes () No () 

3 Is emergency order processing used by the supplier? Yes () No () 

4 Does the supplier provide flexibility in service? Yes () No () 

5 Is flexibility in billing provided by the supplier? Yes () No () 

 

The number of questions answered with “yes” will give the scale of the supplier, 

from 1 to 5. If all the questions are answered with “no”, the supplier will also receive a 1, 

since it is the minimum rating scale defined. 

4.4.5 Technical Capability 

The rapid pace of introduction and deployment of new technologies has 

contributed to the increased importance of the supplier technical capability evaluation in the 

problem of supplier selection decision. The client is not only concerned about the current 

technology used by the supplier but also about its future technological capability. This 

includes a supplier’s design capability as well as the speed with which it can take an item 

from the development stage into the production stage. The supplier’s ability to participate in, 

and contribute to, the design of the buying firm’s new products can be used to evaluate the 

future technological capabilities of the supplier. Similarly, the supplier’s ability to move fast, 

so that new products can be introduced more quickly, becomes an important asset for the 

buying organization [18]. 
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To determine a scale for this criterion, the decision maker should answer the 

questions of Table 22: 

Table 22: Assignment of the Rating Scale to the Technical Capability Criterion 

# Questions Answers 
1 Is the current technology of the supplier adequate for the client? Yes () No () 

2 Is a future technological capability provided by the supplier? Yes () No () 

3 Has the supplier the ability to move fast, so that new products can be introduced 
more quickly by the client? 

Yes () No () 

 

Since just 3 questions are provided in this criterion, the rating scale has to be 

applied in a different way, as is showed below. Since for the technical capability we have just 

3 questions, it was decided by the author to use just 3 rating scale (1, 3 and 5), as is showed 

below: 

• 3 “yes” answers: 5 scale. 

• 2 “yes” answers: 3 scale. 

• 0 or 1 “yes” answer: 1 scale. 

4.4.6 Risk 

The outsourcing risks have a direct relationship with the other evaluation criteria. 

For instance, hidden costs of an outsourcing process are directly related to failure risks. In the 

same way, the loss of information privacy and safety, in addition to the loss of IT technical 

experience seems to be quite related to the management and organization aspect. Besides, the 

risks can be linked to the decision process and to the outsourcing scope [25]. To answer some 

of the questions of Table 23, it is needed to take into account 3 aspects: 

• Labor union: outsourcing may be accompanied by the possibility of 

layoffs and disturbances within the supplier. 

• Loss of management control: the management ability of the supplier may 

not provide good service and may cause potential problems. 
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• Information security: mutual trust-based information sharing between the 

client and the supplier is necessary for both the continuance of the 

agreement and also for the security of confidential information. 

To determine a scale for this criterion, the decision maker should answer the 

following questions of Table 23: 

Table 23: Assignment of the Rating Scale to the Risk Criterion 

# Questions Answers 
1 Are user and file security levels adequate? Yes () No () 

2 Are accounting audit controls satisfactory? Yes () No () 

3 Has the supplier a good way to deal with labor unions (if there is one)? Yes () No () 

4 Does the supplier provide a well defined information security system? Yes () No () 

5 Does the supplier provide the possibility of mutual trust information 
sharing? 

Yes () No () 

 

The number of questions answered with “yes” will give the scale of the supplier, 

from 1 to 5. If all the questions are answered with “no”, the supplier will also receive a 1, 

since it is the minimum rating scale defined. 

4.4.7 Reputation and Position in Industry 

The reputation of a supplier refers to the opinion of the people about how good 

they are in satisfying the needs of the customer. The reputation of a supplier plays a major 

role in its selection. This is more relevant in the initial screening of the suppliers [31]. 
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To determine a scale for this criterion, the decision maker should answer the 

questions of Table 24: 

Table 24: Assignment of the Rating Scale to the Reputation and Position in Industry Criterion 

# Questions Answers 
1 Have there been any serious last client’s complaints? Yes () No () 

2 Is the supplier of easy accessibility? Yes () No () 

3 Is the supplier easy to accept changes? Yes () No () 

4 Was the supplier training adequate? Yes () No () 

5 Was the documentation provided adequate? Yes () No () 

 

This criterion has a different way to compute the rating scale. A “yes” answer in 

questions 2, 3, 4 and 5 counts 1 point, and a “no” answer in question 1 also counts 1 point. 

Then, the following results give the final rating scale: 

• 5 points: 5 rating scale. 

• 4 points: 4 rating scale. 

• 3 points: 3 rating scale. 

• 2 points: 2 rating scale. 

• 0 or 1 point: 1 rating scale. 

4.4.8 Compatibility 

It refers to the ability of the user and the supplier and their support systems to 

work together in close coordination to achieve some common objectives. It may be classified 

in terms of the attributes of business process, cultural fit, technology capability, characteristics 

of other service suppliers of the user, etc [31]. 
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To determine a scale for this criterion, the decision maker should answer the 

questions of Table 25: 

Table 25: Assignment of the Rating Scale to the Compatibility Criterion 

# Questions Answers 
1 Does the size of the supplier match that of our company? Yes () No () 

2 Is the supplier too big to pay attention to us? Or is the supplier too small to 
survive and provide consistent service? 

Yes () No () 

3 Does the supplier work with other IT companies? Yes () No () 

 

This criterion has a different way to compute the rating scale. A “yes” answer in 

questions 1 and 3 counts 1 point, and a “no” answer in question 2 also counts 1 point. Since 

for this criterion we have just 3 questions, it was decided by the author to use just 3 rating 

scale (1, 3 and 5), as is showed below 

• 3 points: 5 scale. 

• 2 points: 3 scale. 

• 0 or 1 point: 1 scale. 

4.4.9 Time 

Time is a parameter of supplier’s performance selection, since it has a major 

impact on the total cost of production. Poor performance in this area can increase costs, and 

cause disorder in client scheduling [15]. The evaluation of the criterion time is based on the 

supplier’s ability to follow the predefined delivery deadlines. 
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The rating scale of delivery criteria can be defined conforming to Table 26: 

Table 26: Assignment of the Rating Scale to the Time Criterion 

Criterion Criteria Values Rating 

Time compliance 

99-100% Pickup with promised time 5 

96-99% Pickup with promised time 4 

93-96% Pickup with promised time 3 

90-93% Pickup with promised time 2 

<90% Pickup with promised time 1 

4.4.10 Financial Position 

An assessment of the financial stability and fiscal outlook of the supplier is a 

factor gaining in importance in the growing trend of forging supplier-client partnerships. Both 

clients and suppliers are looking for partners that are viable, ongoing concerns that will 

contribute to the relationship both for the present and in the future. A supplier on financially 

unstable footing will have much more difficulty contributing to the partnership venture, as it 

must focus its efforts on improving its financial soundness. Hence, both clients and suppliers 

are becoming more mindful of the financial position related to their potential partners in their 

decision making [18]. 

To determine a scale for this criterion, the decision maker should answer the 

questions of Table 27: 

Table 27: Assignment of the Rating Scale to the Financial Position Criterion 

# Questions Answers 
1 Is an independent financial rating available? Yes () No () 

2 Has the company or any of its principals ever been involved in bankruptcy or 
computer-related litigation? 

Yes () No () 

3 Does the supplier has any venture capital investors or show any signs of potential 
financial crisis? For example, the supplier deep in debt, candidate for takeover by 
another or income substantially dropped in a short time? 

Yes () No () 

4 Does the supplier have a good financial performance in the past 2 years? Yes () No () 

5 Does the supplier have a good current financial forecast? Yes () No () 

 

This criterion has a different way to compute the rating scale. A “yes” answer in 

questions 1, 4 and 5 counts 1 point, and a “no” answer in questions 2 and 3 also counts 1 

point. Then, the following results give the final rating scale: 

• 5 points: 5 rating scale. 
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• 4 points: 4 rating scale. 

• 3 points: 3 rating scale. 

• 2 points: 2 rating scale. 

• 0 or 1 point: 1 rating scale. 

4.4.11 Responsiveness 

Criteria related to the velocity at which a supplier provides products to the 

customer. Do not confuse with the time criteria that is related to the ability to follow the 

predicted time to delivery [30]. 

In this criterion it is needed to compare the velocity of each supplier to do each 

step of the IT outsourcing process, for example, who is faster in providing support, in starting 

to operate the outsourcing service, in training (if needed) the client employees, etc. With these 

data in hands, the client can give a consistent rating scale that is from 1 to 5. 

4.4.12 Experience (amount of past business) 

Prior experience of the supplier in the user product line is an added advantage to 

the user. A supplier with a team of competitive managers who have rich knowledge and 

experience in logistics activities will receive a better rating than the others. The more 

experienced the team is - with members from all functional areas within the organization such 

as sales, marketing, manufacturing, finance, and logistics – the better rating the supplier will 

receive [31]. 

To determine a scale for this criterion, the decision maker should answer the 

questions of Table 28: 
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Table 28: Assignment of the Rating Scale to the Experience Criterion 

# Questions Answers 
1 Does the supplier work for a long time with IT? Yes () No () 

2 Does the supplier work a long time with 
outsourcing? 

Yes () No () 

3 Does the supplier have many clients before? Yes () No () 

 

Since just 3 questions are provided in this criterion, the rating scale has to be 

applied in a different way. Since for this criterion we have just 3 questions, it was decided by 

the author to use just 3 rating scale (1, 3 and 5), as is showed below 

• 3 “yes” answers: 5 scale. 

• 2 “yes” answers: 3 scale. 

• 0 or 1 “yes” answer: 1 scale. 

4.4.13 Human Resources 

This criterion is related to employee’s satisfaction and quality degree of them. It is 

important as the presence of dissatisfied employees at the supplier’s end may lead to strike, 

lockouts, sabotage, and other such unwanted activities, which may adversely affect the 

logistic operations [31]. 

To calculate the quality of them, the ratio of university graduates to the total 

number of employees can be calculated with the following formula [4] (a number bigger then 

0,7 is considered high): 

.
joutsourcerofemployessofnumberTotal

joutsourcerofgraduatesuniversityofNumber
UG j =  

To determine a scale for this criterion, the decision maker should answer the 

questions of Table 29: 
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Table 29: Assignment of the Rating Scale to the Human Resources Criterion 

# Questions Answers 
1 Can the employees be interviewed? Yes () No () 

2 Is a list of current clients available? Yes () No () 

3 Does the company have a high university graduate rate? Yes () No () 

 

Since just 3 questions are provided in this criterion, the rating scale has to be 

applied in a different way, Since for this criterion we have just 3 questions, it was decided by 

the author to use just 3 rating scale (1, 3 and 5), as is showed below: 

• 3 “yes” answers: 5 scale. 

• 2 “yes” answers:  3 scale. 

• 0 or 1 “yes” answer: 1 scale. 

4.4.14 Market Share 

The market share is the percentage of an industry or market's total sales that is 

earned by a particular company over a specified time period. Market share is calculated by 

taking the company's sales over the period and dividing it by the total sales of the industry 

over the same period. This metric is used to give a general idea of the size of a company to its 

market and its competitors. 

It can be expressed as a supplier’s sales revenue (from that market) divided by the 

total sales revenue available in that market. It can also be expressed as a supplier’s unit sales 

volume (in a market) divided by the total volume of units sold in that market. 

Investors look at market share increases and decreases carefully because they can 

be a sign of the relative competitiveness of the company’s products or services. As the total 

market for a product or service grows, a company that is maintaining its market share is 

growing revenues at the same rate as the total market. A company that is growing its market 

share will be growing its revenues faster than its competitors. 

As in the price criteria, the decision maker just needs to give a consistent scale, 

making a comparison between the market shares of the suppliers. The rating scale is from 1 to 

5 (unsatisfactory, below average, average, above average, outstanding). 
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4.4.15 Management and Organization 

The critical success factor of Management and Organization encompasses several 

intangible elements: management attitude; outlook for the future; feeling of trust; 

compatibility across levels and functions of client and supplier firms; and the supplier's 

organizational structure and personnel. Of course, one of the most difficult factors to rate with 

any degree of precision is the feeling of trust. Firms described this as a “gut feel” that the 

supplier firm will hold up its end of the partnership and the two firms will be able to work 

together well. The management attitude and outlook for the future is the strategic direction 

that the supplier firm should take, and its willingness to modify that direction to fit the 

strategy of the buying firm. Goal congruence is a vital factor because a partnership is 

designed to be a continuing relationship. While strategies may shift over time, an initial fit 

between the client and the supplier in terms of strategic outlook and future plans is seen as a 

prerequisite to establishing a close, long-term relationship. Top management fit is also seen as 

critical since top management sets the direction for the firm, and it is likely to set the tone of 

key relationships [18]. 

To determine a scale for this criterion, the decision maker should answer the 

questions of Table 30: 

Table 30: Assignment of the Rating Scale to the Management and Organization Criterion 

# Questions Answers 
1 Are specific practices and standards used? Yes () No () 

2 Are the currently used practices written down? Yes () No () 

3 Are the documentation guidelines available? Yes () No () 

4 Were development steps to be accomplished by the supplier identified? Yes () No () 

5 Were milestones (that must be satisfied before the development is allowed to 
continue to the next step) identified? 

Yes () No () 

 

The number of questions answered with “yes” counts as 1 point. If all the 

questions are answered with “no”, the supplier will also receive 1 point, since it is the 

minimum rating scale defined. 

• 5 points: 5 rating scale. 

• 4 points: 4 rating scale. 
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• 3 points: 3 rating scale. 

• 2 points: 2 rating scale. 

• 0 or 1 point: 1 rating scale. 

4.4.16 Support 

Even as late as early 1980s, suppliers wielded the greatest bargaining power in the 

client-supplier relationship. Many markets were characterized by having few suppliers 

practicing mass manufacturing and marketing. Nevertheless, since the early 1980s there has 

been a marked improvement in the bargaining power of the client. With customers becoming 

much more knowledgeable in terms of defining their requirements and because of the 

increasing competition faced by the suppliers, customers have begun to dictate the terms of 

purchasing. The companies that used to thrive on mass production, stability, and growth are 

no longer guaranteed continued success in a world where customers, competition, and change, 

demand flexibility and quick response. Today, the overriding objective or even prerequisite 

for any organization to thrive in a competitive marketplace is to focus on customer 

satisfaction. All other factors being equal, it is inevitable that a client will favor the supplier 

that offers better customer service. Easy accessibility, fast response, flexibility, technical 

expertise to support problems, quality of service provided, and above all satisfaction with the 

product or the service provided are the many dimensions of good customer service [18]. 

To determine a scale for this criterion, the decision maker should answer the 

questions of Table 31: 

Table 31: Assignment of the Rating Scale to the Support Criterion 

# Questions Answers 
1 Does the supplier have any local service point or branch company? Yes () No () 

2 Does the supplier provide consulting services? Yes () No () 

3 Can staff training be conducted on site? Yes () No () 

4 Will future enhancements be made available? Yes () No () 

5 Will ongoing updates and errors conditions with appropriate documentation be 
supplied? 

Yes () No () 
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The number of questions answered with “yes” will give the scale of the supplier, 

from 1 to 5. If all the questions are answered with “no”, the supplier will also receive a 1, 

since it is the minimum rating scale defined. 

4.5 IDENTIFICATION OF ALTERNATIVE SOLUTIONS 

A wider range of alternatives can surface by soliciting as many stakeholders as 

practical for input. Input from stakeholders with diverse skills and backgrounds can help 

teams to identify and address assumptions, constraints and biases [40]. 

Sufficient candidate solutions may not be furnished for analysis. As the analysis 

proceeds, other alternatives should be added to the list of potential candidate solutions. The 

generation and consideration of multiple alternatives early in a decision analysis and 

resolution process increases the likelihood that an acceptable decision will be made and that 

consequences of the decision will be understood [40]. 

However, in many cases the clients have to evaluate a very large number of 

suppliers in order to make a choice. Given the fact that specialized decision methods for 

supplier evaluation are time consuming and require considerable computational power, it is 

reasonable to prune the supplier search space and focus on the most suitable alternatives. In 

this context, it is proposed the application of hard constraints on the selection criteria for the 

initial pre-qualification of the suppliers based on Simon’s [44] satisficing model of rational 

choice. 

The problem of outsourcing supplier selection fits well with the assumptions of 

Simon’s [44] satisficing model of rational choice: many alternatives, limited computational 

power and limited resources in terms of user input required by supplier evaluation algorithms. 

It must be also noted that satisficing has long been used as such a technique because of its 

strong intuitive appeal as well as because it is an accurate indication of what actually 

transpires during the initial screening of alternatives [17]. Moreover, it is possible for the 

decision makers to successively change the minimal requirements in order to alter the feasible 

set of alternatives when their subjective judgments regarding evaluation criteria are uncertain 

[17]. 
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The decision criteria that are relevant to the supplier selection process are of a 

heterogeneous nature, i.e. both qualitative and quantitative factors have to be taken into 

account. Therefore, it is possible to model the pay-off function as a vector function V(s), 

where V has several components V1; V2; ... corresponding to the criteria considered by the 

client organization. 

The components of the pay-off function take values for the alternative suppliers: 

absolute values for the quantitative criteria (e.g., price) and information about the qualitative 

criteria will be rated by each customer from a scale of 1 to 5 (unsatisfactory, below average, 

average, above average, outstanding) and, thus, rating levels for each criterion will be 

established. In the case of qualitative criteria with nominal values (i.e., text-based 

descriptions), the mapping of values to a rating scale and, therefore, the introduction of an 

ordering relation among them is a necessary step for the decision maker in order to set the 

‘‘minimum” standards. Furthermore, in the case of quantitative criteria, the introduction of a 

rating scale makes easier for the decision maker to set minimum acceptable standards as it is 

easier and closer to human cognition to state preferences through the use of a rating scale with 

typically five or seven levels of measurement. Continuous rating scales that could be used in 

the case of quantitative criteria make scoring and codification difficult and unnatural. 

This formulation of the pay-off function will help in the next step of the supplier 

selection process, since multiplicative preference relations for a set of alternative suppliers 

can be easily evaluated through pairwise comparisons between the rating levels for each 

criterion (rating scores). 

Then, an extension of the notion of satisficing according to a scalar pay-off 

function permits us to treat each component in the same fashion. A supplier will qualify to the 

next step of the decision model provided that 51, ≤≤≥ iii kwhereiallforkV . Then a 

reasonable decision rule for the initial pre-qualification of suppliers is the following: 

• If S is the set of suppliers, then search for a subset S’ in S such that V(s) is 

satisfactory for all s in S’; i.e. i
Ss

i ksV ≥
∈ '

)( . 

When the pre-qualification is done, is possible to define the decision hierarchy for 

the outsourcing supplier selection. The alternatives are the lowest level of the hierarchy. Links 
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are drawn to form the hierarchy and the relationships among objectives and alternatives. In 

Figure 15, it may be seen that Level 1 refers to the overall objective, i.e., the outsourcing 

supplier selection, Level 2 is composed of the sub-objectives shown in Table 10 and Table 11 

and Level 3 is formed by the alternatives, i.e., the different suppliers. 

IT Supplier Selection

Responsiveness Human Resources Price Market Share
Management and 

Organization

Technical 

Capability

Supplier 1 Supplier 2 Supplier 3 Supplier n

 

Figure 15: The Decision Hierarchy for IT Supplier Selection 

4.6 SELECTION OF EVALUATION METHODS: THE PROPOSED 

AHP-PROMETHEE INTEGRATED APPROACH 

Methods for evaluating alternative solutions against established criteria can range 

from simulations to the use of probabilistic models and decision theory. These methods must 

be carefully selected. The level of detail of a method should be commensurate with cost, 

schedule, performance, and risk impacts [40]. 

While many problems may require only one evaluation method, some problems 

may require multiple methods. For instance, simulations may augment a trade study to 

determine which design alternative best meets a given criterion [40]. 
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The integrated approach proposed for the IT outsourcing supplier selection 

problem is composed of AHP and PROMETHEE methods and consists of 2 basic stages: (1) 

AHP computations, (2) PROMETHEE computations (see Figure 14 on Section 4.2). 

After the approval of the decision hierarchy defined, weights for the criteria used 

in IT supplier selection are assigned using AHP in the second stage. In this stage, pair wise 

comparison matrices are formed to determine the criteria weights. The experts from decision 

making team make individual evaluations using the scale, provided in Table 16 (from Section 

2.4.1.2.1 on page 71), to determine the values of the elements of pair wise comparison 

matrices. Computing the geometric mean of the values obtained from individual evaluations, 

a final pair wise comparison matrix on which there is a consensus is found. The weights of the 

criteria are calculated based on this final comparison matrix. In the last part of this stage 

(number 2), calculated weights of the criteria are approved by the decision making team. 

Expert Choice software was used in this process. 

Outsourcing supplier priorities are found by using PROMETHEE computations in 

the third stage. Preference functions and parameters are determined by the decision making 

team. After the approval of the functions, partial ranking with PROMETHEE I and complete 

ranking with PROMETHEE II and GAIA plane are determined. D-Sight software is used in 

this process. 

4.7 EVALUATION OF ALTERNATIVES AND SELECTION OF 

SOLUTIONS 

Evaluating alternative solutions involves analysis, discussion and review. Iterative 

cycles of analysis are sometimes necessary. Supporting analyses, experimentation, 

prototyping, piloting, or simulating may be needed to substantiate scoring and conclusions. 

Selecting solutions involves weighting results from the evaluation of alternatives. 

However, it is difficult to show them without numbers in a concrete situation. The 

evaluation of the alternatives and the construction of the GAIA plane - steps 10, 11 and 12 of 

¡Error! No se encuentra el origen de la referencia. - are done during the PROMETHEE 

calculations while the solution’s selection is done with the analysis of the reports provided by 
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the D-Sight software – step 13 of ¡Error! No se encuentra el origen de la referencia.. It will 

be possible to see a concrete example of them in the Case Study that will be shown on 

Chapter 5. 
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5 CASE STUDY 
 

5.1 CONTEXT 

5.2 DECISION PLANNING 

The case study will be done with 9 internet service provider from Spain. This case 

study uses the same companies provided in the reports made by [2, 35, 39] and these ones are: 

Euskatel, Jazztel, Ono, R, Telefónica, Telecable, Vodafone, Orange and Ya.com. 

In this chapter it is explained how the criteria values are assigned for each supplier 

and how the pre-qualification of the suppliers is done (Section 5.3), the application of the 

proposed AHP-PROMETHEE integrated method with their calculations (Section 5.5) and the 

analysis of the solution provided by this integrated method (Section ¡Error! No se encuentra 

el origen de la referencia.). 

Euskaltel SA, Global Telecommunications Operator of the Basque Country, offers 

fixed and mobile telephony, Internet and digital television. Euskaltel has strengthened its 

leadership in the comprehensive range of fixed telecommunications through its network of 

next-generation optical fiber, achieving record market shares in the experience of alternative 

European carriers. A leader in broadband internet access, telephone and digital television. It is 

also the first case of independent virtual mobile operator in Europe with its own network and 

thus fully capable of developing all kinds of services, fixed, mobile and converged networks. 

Jazztel is a leading telecommunications and data transmission operator with its 

own infrastructure in Spain, which offers broadband solutions for voice, data, TV and mobile 

telephony for residential and business market. It has built a network of over 260 

municipalities, which can provide direct services to clients of all the Spanish provinces of the 

Peninsula and the Balearics. Outside the areas where it has direct coverage through its 

network, the company provides telecommunications services in bit stream mode. 
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ONO is the leading communications and broadband entertainment company in 

Spain that offers an integrated Internet services, TV and telephone to residential customers, as 

well as telecommunications services of high added value to small and medium companies, 

large companies and institutions. The operator has a high-speed network deployed throughout 

Spain with capacity to provide the most advanced telecommunications services. 

R is a Galician fiber optic communications operator. The goal of the company is 

that all Galician enterprises and households receive the most advanced services in all areas of 

communication and are equipped to receive the new generation of interactive and multimedia 

services that are being developed. For this, R is building in Galicia the most advanced 

infrastructure of telecommunications latest known: a network with capacity for all 

communications services (high speed internet via cable modem, dozens of TV channels) and 

future (interactive video games, video, shopping, and home banking). 

Telefónica is one of the world leaders integrated operator in the 

telecommunication sector, providing communication, information and entertainment 

solutions, with presence in Europe, Africa and Latin America. It operates in 25 countries. As 

of December 2010, Telefónica’s total number of customers amounted to 287.6 millions. The 

Group stands in fifth position in the sector Telco worldwide in terms of market capitalization, 

the 1st as an European integrated operator and in the third position in the Eurostoxx 50 

ranking (a stock index of the Eurozone stocks designed by Stoxx Ltd, composed of the major 

companies in Europe). 

Telecable is a leader in the telecommunications sector in Asturias. With its next-

generation technology based on fiber optics, it has been able to deploy its services in the 

major part of the population in the region, over 90% of the Central Zone population. Its 

services are aimed at both private clients and businesses and offers cable TV, fixed telephony, 

Internet, mobile telephony and advanced services for companies and others. 

Vodafone, as first known as Airtel Movil SA, began to emerge as Vodafone in 

Spain in 1994. It is one of the largest mobile telecommunications network in the world and 

serve over 147 million proportionate customers having interests in mobile networks 

worldwide. The goal of the company is to meet the needs of the customers and for this it 

offers all types of voice, data and Internet based services. 
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Orange is the key brand of France Telecom, one of the major telecom operators 

worldwide. With nearly 140 million customers, Orange provides internet, television and 

mobile services in most of the countries where the Group is present. At December 31, 2010, 

the Group had almost 210 million customers in 32 countries, of which 150 million were 

mobile and 13.7 million ADSL. Orange is the third mobile operator and the third largest 

provider of ADSL Internet access in Europe, and one of the world's leading 

telecommunications services to multinational companies, with Orange Business Services 

brand. 

Ya.com is a leading operator in the Spanish telecommunications market. It is a 

100% capital of France Telecom since July 2007. Ya.com was created in June 1999 and since 

then it has positioned itself as a leading operator in the Spanish telecommunications market, 

leader in technology and with its own network infrastructure. It offers the market a solution 

based Global Telecommunications Services, Entertainment and Electronic Commerce. The 

company has consolidated its position as operator in the Spanish market and has expanded its 

business from providing Internet access for the provision of advanced telecommunications 

services such as high-speed Internet, television and custom interactive video services. 

5.3 DEFINITION OF EVALUATION CRITERIA 

The first part of the case study was the assignment of evaluation criteria values for 

each supplier presented above (see Table 32 and Table 33). An evaluation of each supplier 

was done according to the evaluation criteria and rating scale defined on Section 4.4 (on page 

94). Then, the author started to answer the questions for each supplier, according to the 

information collected from: 

• “Comparativa ADSL de Proveedores” [2]. 

• “Informe Anual (2009) CMT” [11]. 

• “Estudio sobre la Percepción de los Usuarios acerca de la Calidad de los 

Principales Servicios de Telecomunicaciones” [36]. 

• “Informe de Seguimiento de los Niveles de Calidad de Servicio: Servicios 

Telefónico Fijo y de Acceso a Internet” [37]. 
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• “Resumen de los Datos de la Oficina de Atención al Usuario de 

Telecomunicaciones” [38]. 

• “Proveedores ADSL en España” [39]. 

• “Informe Anual (2009) Telefónica” [47]. 

The first column presents the name of the criteria and the second column presents 

the questions to analyze them. As stated in Section 4.4 (on page 94), for each answer “yes” or 

“no” depending on the criterion, one point is given for it. The third column value shows the 

answer for each question and according to this answer, one point is assigned (or not) to the 

suppliers. The difference that appears in both tables regarding the values of “Points” and 

“Total” are related to the number of questions from each criterion. Since this model has a 

qualitative scale to evaluate the criteria from 1-5, a special adjustment was done where less or 

more than 5 questions were used. 
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Table 32: Assignment of Evaluation Criteria Values for each Supplier (Part 1) 
Euskatel Jazztel Ono R Telefonica Telecable Vodafone Orange Ya.com

Evaluation Criteria Evaluation Method Value Value Value Value Value Value Value Value Value
Price

Simple evaluation from 1 (biggest price) to 5 (smallest price) X X X X X X X X X
TOTAL 1 4 3 1 1 2 5 4 5

Quality
Are the development and control processes followed? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
Is a total quality program in place? yes 1 yes 1 yes 1 no 0 yes 1 no 0 yes 1 yes 1 yes 1
If a total quality program is in place, it is documented? yes 1 yes 1 yes 1 no 0 yes 1 no 0 yes 1 yes 1 yes 1
Does the quality program assure the product meets the specifications? no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0
Is a corrective actions process established to handle errors corrections 
and technical questions? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
POINTS 4 4 4 2 4 2 4 4 4
TOTAL 4 4 4 2 4 2 4 4 4

Delivery
99,1-100% pickup with proper quantity yes 5 no 0 yes 5 yes 5 no 0 no 0 no 0 no 0 no 0
96,1-99% pickup with proper quantity no 0 no 0 no 0 no 0 no 0 yes 4 no 0 no 0 no 0
93,1-96% pickup with proper quantity no 0 yes 3 no 0 no 0 yes 3 no 0 yes 3 yes 3 no 0
90-93% pickup with proper quantity no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0 yes 2
<90% pickup with proper quantity no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0
TOTAL 5 3 5 5 3 4 3 3 2

Flexibility
The supplier provides the possibility of customization? yes 1 yes 1 yes 1 no 0 no 0 no 0 no 0 yes 1 no 0
Is process flexibility provided by the supplier? no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0
Is emergency order processing used by the supplier? no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0
The supplier provides flexibility in service? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
Is flexibility in billing provided by the supplier? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
POINTS 3 3 3 2 2 2 2 3 2
TOTAL 3 3 3 2 2 2 2 3 2

Technical Capability
Is the current technology of the supplier adequate for the client? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
Is a future technological capability provided by the supplier? no 0 yes 1 no 0 no 0 yes 1 no 0 yes 1 no 0 no 0
Has the supplier the ability to move fast, so that new products can be 
introduced more quickly by the client? yes 1 yes 1 yes 1 no 0 yes 1 no 0 yes 1 yes 1 no 0
POINTS 2 3 2 1 3 1 3 2 1
TOTAL 3 5 3 1 5 1 5 3 1

Risk
Are user and file security levels adequate? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
Are accounting audit controls satisfactory? yes 1 yes 1 yes 1 no 0 yes 1 no 0 yes 1 yes 1 yes 1
The supplier has a good way to deal with labor unions (if there is one)? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
The supplier provides a well defined information security system? yes 1 yes 1 yes 1 no 0 yes 1 no 0 yes 1 yes 1 no 0
The supplier provides the possibility of mutual trust information sharing? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
POINTS 5 5 5 3 5 3 5 5 4
TOTAL 5 5 5 3 5 3 5 5 4

Reputation and Position in Industry
Have there been any serious last client’s complaints? no 1 no 1 no 1 no 1 no 1 no 1 no 1 yes 0 yes 0
Is the supplier of easy accessibility? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 no 0 no 0 no 0
Is the supplier easy to accept changes? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 no 0 yes 1 no 0
Was the supplier training adequate? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
Was the documentation provided adequate? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
POINTS 5 5 5 5 5 5 3 3 2
TOTAL 5 5 5 5 5 5 3 3 2

Compatibility
Does the size of the vendor match that of our company? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
Is the vendor too big to pay attention to us? Or is the vendor too small to 
survive and provide consistent service? yes 0 no 1 no 1 yes 0 yes 0 yes 0 no 1 no 1 yes 0
Does the vendor work with other IT companies? yes 1 yes 1 no 0 no 0 yes 1 no 0 yes 1 yes 1 no 0
POINTS 2 3 2 1 2 1 3 3 1
TOTAL 3 5 3 1 3 1 5 5 1  
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Table 33: Assignment of Evaluation Criteria Values for each Supplier (Part 2) 
Euskatel Jazztel Ono R Telefonica Telecable Vodafone Orange Ya.com

Evaluation Criteria Evaluation Method Value Value Value Value Value Value Value Value Value
Time

99,1-100% Pickup with promised time no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0
96,1-99% Pickup with promised time yes 4 no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0
93,1-96% Pickup with promised time no 0 no 0 no 0 yes 3 yes 3 no 0 no 0 no 0 no 0
90-93% Pickup with promised time no 0 yes 2 yes 2 no 0 no 0 no 0 no 0 no 0 no 0
<90% Pickup with promised time no 0 no 0 no 0 no 0 no 0 yes 1 yes 1 yes 1 yes 1
TOTAL 4 2 2 3 3 1 1 1 1

Financial Position
Is an independent financial rating available? yes 1 yes 1 yes 1 no 0 yes 1 no 0 yes 1 yes 1 no 0
Has the company or any of its principals ever been involved in bankruptcy 
or computer-related litigation? no 1 no 1 no 1 no 1 no 1 no 1 no 1 no 1 no 1
Does the vendor have any venture capital investors or show any signs of 
potential financial crisis? For example, the supplier deep in debt, 
candidate for takeover by another or income substantially dropped in a 
short time?

no

1 no 1 no 1 no 1 no 1 no 1 no 1 no 1 yes 0
The supplier has good financial performance in the past 2 years? yes 1 yes 1 yes 1 yes 1 no 0 no 0 no 0 no 0 no 0
The supplier has a good current financial forecast? yes 1 yes 1 yes 1 yes 1 no 0 no 0 no 0 no 0 no 0
POINTS 5 5 5 4 3 2 3 3 1
TOTAL 5 5 5 4 3 2 3 3 1

Responsiveness
Simple evaluation from 1 (slowest responsiveness) to 5 (fastest market 
share) X X X X X X X X X
TOTAL 4 4 4 5 5 1 1 1 2

Experience
The supplier works for a long time with IT? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
The supplier works a long time with outsourcing? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
The supplier had many clients before? yes 1 yes 1 yes 1 no 0 yes 1 no 0 yes 1 yes 1 no 0
POINTS 3 3 3 2 3 2 3 3 2
TOTAL 5 5 5 3 5 3 5 5 3

Human Resources
Can the employees be interviewed? no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0
Is a list of current clients available? no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0 no 0
Does the company have a high university graduate rate? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
POINTS 1 1 1 1 1 1 1 1 1
TOTAL 1 1 1 1 1 1 1 1 1

Market Share
Simple evaluation from 1 (smallest market share) to 5 (biggest market 
share) X X X X X X X X X
TOTAL 2 3 4 1 5 1 3 3 1

Management and Organization
Are specific practices and standards used? yes 1 yes 1 yes 1 no 0 yes 1 no 0 yes 1 yes 1 yes 1
Are the currently used practices written down? yes 1 yes 1 no 0 no 0 yes 1 no 0 yes 1 yes 1 yes 1
Are the documentation guidelines available? yes 1 yes 1 no 0 no 0 yes 1 no 0 yes 1 yes 1 yes 1
Were development steps to be accomplished by the supplier identified? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
Were milestones (that must be satisfied before the development is 
allowed to continue to the next step) identified? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
POINTS 5 5 3 2 5 2 5 5 5
TOTAL 5 5 3 2 5 2 5 5 5

Support
Does the vendor have any local service point or branch company? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
Does the vendor provide consulting services? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
Can staff training be conducted on site? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
Will future enhancements be made available? no 0 yes 1 no 0 no 0 no 0 no 0 no 0 no 0 no 0
Will ongoing updates and errors conditions with appropriate 
documentation be supplied? yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1 yes 1
POINTS 4 5 4 4 4 4 4 4 4
TOTAL 4 5 4 4 4 4 4 4 4  
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5.4 IDENTIFICATION OF ALTERNATIVE SOLUTIONS 

After the calculation of all the above values, the pre qualification of the suppliers 

was done. As discussed in Section 4.5, it has to be done before the application of the AHP and 

PROMETHEE methods. In the Table 34 it is possible to see the values used for the pre-

qualification. 

Table 34: Pre-qualification of the Suppliers 

Evaluation Criteria Rating Euskatel Jazztel Ono R Telefonica Telecable Vodafone Orange Ya.com
Price 1 4 3 1 1 2 5 4 5
Quality >3 4 4 4 2 4 2 4 4 4
Delivery >2 5 3 5 5 3 4 3 3 2
Flexibility >1 3 3 3 2 2 2 2 3 2
Technical Capability >2 3 5 3 1 5 1 5 3 1
Risk >4 5 5 5 3 5 3 5 5 4
Reputation >2 5 5 5 5 5 5 3 3 2
Compatibility >2 3 5 3 1 3 1 5 5 1
Time >1 4 2 2 3 3 1 1 1 1
Financial Position >3 5 5 5 4 3 2 3 3 1
Responsiveness 4 4 4 5 5 1 1 1 2
Experience >4 5 5 5 3 5 3 5 5 3
Human Resources 1 1 1 1 1 1 1 1 1
Market Share 2 3 4 1 5 1 3 3 1
Management and Organization >3 5 5 3 2 5 2 5 5 5
Support >3 4 5 4 4 4 4 4 4 4  

 

The rating column indicates the minimum value accepted for each criterion which 

will be used in the pre-qualification formula. This minimum value is defined by the decision 

maker (client) according to its expectations (e.g., just accept providers with outstanding (5) 

rank scale for “risk”  criterion), and in this case study this value was defined by the author. 

The numbers presented in the other columns are the values that each evaluation criterion 

received during the case study and are the same ones presented in Table 32 and Table 33. The 

criteria related to “price” , “responsiveness” and “market share” did not receive a minimum 

rating since the definition of these criteria was based in a comparison between each other. The 

“human resources” criterion did not receive a rating because all the suppliers received the 

same value as the author did not find information to answer the questions to evaluate this 

criterion. 
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After the analysis of Table 34, three suppliers did not pass in the pre-qualification, 

R, Telecable and Ya.com, and they are not going to be used during the application of the AHP 

and PROMETHEE methods. During the next calculations, the suppliers that pass in the pre-

qualification will be named as: 

• Supplier 1 – Euskatel. 

• Supplier 2 – Jazztel. 

• Supplier 3 – Ono. 

• Supplier 4 – Telefonica. 

• Supplier 5 – Vodafone. 

• Supplier 6 – Orange. 

5.5 THE PROPOSED AHP-PROMETHEE INTEGRATED 

APPROACH 

5.5.1 AHP Calculations 

After forming the decision hierarchy for IT supplier selection problem, priorities 

(weights) were assigned to the criteria used in the evaluation process by using the AHP 

method. The author formed individual pair wise comparison matrix by using the nine-point 

scale given in Table 16 (on page 71). This was done using the software Expert Choice, where 

it is possible to assign values for each criterion. 

In the top right of Figure 16, it is possible to see a bar where we can assign the 

nine-point scale values for each criteria. First it is needed to select in the matrix the element 

which corresponds to the pair wise comparison that you want to do. In this case, it was 

selected the element corresponding to the comparison price-quality. If the two criteria have 

the same priority, it will leave the bar at equal position. If the “price” criterion has higher 

priority than the “quality” criterion, we have to move the bar up depending on the level of 

priority that we want to select. For example, if the “price” criterion is considered by the 

decision maker to have a priority five times higher than the “quality” criterion, we need to 
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move the bar up positioning it on the strong position (according to the nine-point scale, a 

number 5 corresponds to strong importance). Otherwise, we have to move the bar down, 

using the same idea. In the matrix it will appear the number corresponding to the priority 

selected in the bar, where a positive number means that criteria positioned in the top of the bar 

have highest priority and a negative number means the opposite. 

The comparison of the evaluation criteria was based on the criteria classification 

from Table 12 (on page 30). Since we have 16 criteria and a rating scale from 1 to 9, the 

criteria were divided in pairs of the same priority to make the comparison between them. For 

example, the first two criteria from Table 12 have the highest priority, criteria 3 and 4 have 

the second highest priority, criteria 5 and 6 the third highest priority and so on. 

Price Quality Delivery Flexibility
Technical 

Capability
Risk Reputation Compatibility Time

Financial 

Position
Responsiveness Experience

Human 

Resources
Market Share

Management and 

Organization
Support

Price 1,0 2,0 2,0 3,0 3,0 4,0 4,0 5,0 5,0 6,0 6,0 7,0 7,0 8,0 8,0

Quality 2,0 2,0 3,0 3,0 4,0 4,0 5,0 5,0 6,0 6,0 7,0 7,0 8,0 8,0

Delivery 1,0 2,0 2,0 3,0 3,0 4,0 4,0 5,0 5,0 6,0 6,0 7,0 7,0

Flexibility 2,0 2,0 3,0 3,0 4,0 4,0 5,0 5,0 6,0 6,0 7,0 7,0

Technical 

Capability 1,0 2,0 2,0 3,0 3,0 4,0 4,0 5,0 5,0 6,0 6,0

Risk 2,0 2,0 3,0 3,0 4,0 4,0 5,0 5,0 6,0 6,0

Reputation 1,0 2,0 2,0 3,0 3,0 4,0 4,0 5,0 5,0

Compatibility 2,0 2,0 3,0 3,0 4,0 4,0 5,0 5,0

Time 1,0 2,0 2,0 3,0 3,0 4,0 4,0

Financial Position 2,0 2,0 3,0 3,0 4,0 4,0

Responsiveness 1,0 2,0 2,0 3,0 3,0

Experience 2,0 2,0 3,0 3,0

Human Resources 1,0 2,0 2,0

Market Share 2,0 2,0

Management and 

Organization 1,0

Support  

Figure 16: Assignment of Criteria Scale using Expert Choice 

The Expert Choice software also provides the final priorities of the evaluation 

criteria, as it is possible to see on Figure 17. 
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Figure 17: Final Priorities of Evaluation Criteria 

During the case study, it was found that the Expert Choice did not calculate the 

inconsistency value when more than 15 criteria are analyzed. Then, it was needed to find 

another way to make this calculation. It was solved with the use of an excel table. The values 

from the comparison matrix were translated to an excel table and using the formulas from the 

AHP method, the priorities (weights) and the inconsistency value were found. The 

inconsistency value was 0,04 < 0,1, which shows that priorities were consistent and could be 

used in the selection process. 

5.5.2 PROMETHEE Calculations 

The PROMETHEE calculations were done using the D-Sight software. 

Alternative solutions (suppliers) were evaluated based on the 16 evaluation criteria proposed 

by the author to create the evaluation matrix. The evaluation matrix related to these six 

alternatives (suppliers) is displayed in Table 35. 
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Table 35: Evaluation Matrix PROMETHEE Calculations 

 

 

Before using the PROMETHEE method to rank the suppliers, a specific 

preference function (PF) with its thresholds was defined for each criterion. Preference 

functions (third column from Table 36) and threshold values (fourth and fifth column from 

Table 36) have been defined by the author at the beginning of the application. There are six 

different shapes of preference functions in the original PROMETHEE methods and in the 

PROMETHEE software: 

• The V-shape (type III) and Linear (type V) preference functions are best 

suited for quantitative criteria (e.g., prices, costs, power, etc.). The choice 

will depend on whether you want to introduce an indifference threshold or 

not. Actually, V-shape is a special case of the linear one. 

• The Gaussian (type VI) preference function is less often used as it is more 

difficult to parameter (the s threshold value is somewhere between the q 

indifference threshold and the p preference threshold). 

• The Usual (type I) and Level (type IV) preference functions are best suited 

for qualitative criteria. In case of a small number of levels on the criteria 

scale (e.g., yes/no criteria or up to 5-point scale) and if the different levels 

are considered quite different from each other, the Usual preference 

function is the good choice. If you want to differentiate smaller deviations 

from larger ones, the Level preference function is more adequate. 

Price Quality Delivery Flexibility Technical Capability Risk Reputation Compatibility
Supplier 1 Insatisfactory Above Average Outstanding Average Average Outstanding Outstanding Average
Supplier 2 Above Average Above Average Average Average Outstanding Outstanding Outstanding Outstanding
Supplier 3 Average Above Average Outstanding Average Below Average Outstanding Outstanding Average
Supplier 4 Insatisfactory Above Average Average Below Average Outstanding Outstanding Outstanding Average
Supplier 5 Outstanding Above Average Average Below Average Outstanding Outstanding Average Outstanding
Supplier 6 Above Average Above Average Average Average Average Outstanding Average Outstanding

Time Financial Position Responsiveness Experience Human Resources Market Share
Management and 
Organization Support

Supplier 1 Above Average Outstanding Above Average Outstanding Insatisfactory Below Average Outstanding Above Average
Supplier 2 Below Average Outstanding Above Average Outstanding Insatisfactory Average Outstanding Outstanding
Supplier 3 Below Average Outstanding Above Average Outstanding Insatisfactory Above Average Above Average Above Average
Supplier 4 Average Above Average Outstanding Outstanding Insatisfactory Outstanding Outstanding Above Average
Supplier 5 Insatisfactory Above Average Insatisfactory Outstanding Insatisfactory Average Outstanding Above Average
Supplier 6 Insatisfactory Above Average Insatisfactory Outstanding Insatisfactory Average Outstanding Above Average
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• The U-shape (type II) preference function is a special case of the Level 

one and is less often used. 

After selecting the preference function (PF), it is needed to select a value for its 

thresholds. The preference threshold (p) for a given criterion corresponds to the smallest 

definition that you consider as definitely important. Usually it is easier to determine the value 

of “p” starting with a larger value and progressively reducing the value until you feel that 

your preference is not so much well established. A good rule of thumb is that “p” should be 

smaller than the range of the criterion (difference between the maximum and minimum 

values). 

The indifference threshold (q) for a given criterion represents the largest deviation 

that is considered as negligible in the comparison of two actions. A good way to determine the 

value of “q” is to start with a very small value and to progressively increase this value until 

you feel that it is not negligible anymore. For instance, if you compare the prices of two 

laptop computers, a difference of $1 will probably feel negligible. What about a difference of 

$5, $10 or $25? 

The author has set these values by taking into consideration the features of the 

criteria. The preference functions and thresholds defined are provided in Table 36. The 

min/max indicates what are considered better values in this criterion. For example, in the 

rating scale from 1-5 if the min/max column indicates maximize, this means that higher 

values are considered better than lower ones. 

Table 36: Preference Functions and its Thresholds 

Criteria Min/max Function Indifference(q) Preference(p) Weight 
Price Maximize Level 1 2 16,30% 

Quality Maximize Usual 0 1 16,34% 

Delivery Maximize Usual 0 1 11,37% 

Flexibility Maximize Usual 0 1 11,37% 

Technical Capability Maximize Usual 0 1 7,84% 

Risk Maximize Usual 0 1 7,84% 

Reputation Maximize Usual 0 1 5,38% 

Compatibility Maximize Usual 0 1 5,38% 

Time Maximize Usual 0 1 3,67% 

Financial Position Maximize Usual 0 1 3,67% 

Responsiveness Maximize Level 1 2 2,49% 

Experience Maximize Usual 0 1 2,49% 
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Criteria Min/max Function Indifference(q) Preference(p) Weight 
Human Resources Maximize Usual 0 1 1,70% 

Market Share Maximize Level 1 2 1,70% 

Management and Organization Maximize Usual 0 1 1,21% 

Support Maximize Usual 0 1 1,21% 

 

After the evaluation matrix and the preference functions are determined, the 

suppliers are evaluated by using D-Sight software. The positive flow (φ+), negative flow 

(φ− ) and net flow (φ) values obtained from this evaluation are given in Table 37. 

Table 37: PROMETHEE Flows 

Action Net Flow Flow + Flow - 
Supplier 1 0,04 0,24 0,20 

Supplier 2 0,21 0,27 0,06 

Supplier 3 0,08 0,24 0,16 

Supplier 4 -0,20 0,12 0,31 

Supplier 5 -0,09 0,16 0,25 

Supplier 6 -0,05 0,16 0,21 

 

By using the flow values in Table 37, the partial ranking is determined via 

“PROMETHEE I Diamond” (Figure 18). “PROMETHEE I Diamond” used positive and 

negative flow values to find the partial ranking. 
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Figure 18: PROMETHEE I Diamond Ranking 

In this type of ranking, actions (suppliers) are drawn in the plane defined by the 

positive and negative flows. Each action is represented by a point and a cone. Overlapping 

cones indicate incomparabilities. It is also possible to see whether the flow values of two 

actions are close to each other or not. The two axes are angled in such a way that the vertical 

axis corresponds to the net flow. Thus higher points are ranked first in the “PROMETHEE II 

complete ranking” and a visual link exists between the two rankings. 

Thus, looking at Figure 18 it is possible to see imcomparabilities between 

suppliers 1 and 3 and also between suppliers 5 and 6. If the “PROMETHEE I Diamond” 

ranking did not provide a link to the PROMETHEE II ranking (the bar in the center of the 

figure), it was not possible to determine the best alternative because of these two 

incomparabilities. 

The “PROMETHEE II complete ranking” is the ranking method used by 

PROMETHEE to define the best alternative without showing incomparabilities. D-Sight 

software provide two different ways to see this ranking, the first one with a graphic chart 
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showing the suppliers and the net flow values of each and the second a thermo bar, equal to 

the one that appeared in the “PROMETHEE I Diamond” ranking, which shows the ranking of 

suppliers in a vertical line, where the first supplier is considered the best alternative. The 

thermo bar represents the net flow values, going from 1 to -1. Figure 19 shows the two ways 

that D-Sight software provides to represent the “PROMETHEE II complete ranking”, and as 

is possible to see, supplier 2 (Jazztel) was considered the best alternative, followed by 

supplier 3 (Ono), supplier 1 (Euskatel), supplier 6 (Orange), supplier 5 (Vodafone) and 

supplier 4 (Telefonica). 

  
Figure 19: Two Ways to Represent the PROMETHEE II Complete Ranking 

5.6 EVALUATION OF ALTERNATIVES AND SELECTION OF 

THE SOLUTION 

The decision problem can be represented in the GAIA plane (see Figure 20) 

where suppliers are represented by points and criteria by vectors. In this way, conflicting 

criteria may appear clearly. Criteria vectors expressing similar preferences on the data are 

oriented in the same direction, while conflicting criteria are pointing in opposite directions. 
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The length of each vector is a measure of its power in supplier differentiation. As it is shown 

in Figure 20, the Delta-parameter is 74.8%. This means that 25.2% of the total information 

gets lost by the projection and the reason for this is the amount of criteria, sixteen in total, 

used during the evaluation. It is not possible to analyze all the criteria lonely, since some of 

them overlap the others. 

 

Figure 20: GAIA Plane 

We observe that Technical Capability, Time, Flexibility, Price and Compatibility 

have a high differentiation power and express independent preferences. A cluster of 

conflicting criteria are clearly represented by several criteria, e.g. Technical Capability and 

Flexibility, Compatibility and Responsiveness, Time and Price, all of them expressing 

opposite preferences. It is also possible to appreciate clearly the quality of the suppliers with 

respect to the different criteria. For example, Supplier 3 (Ono) is particularly good on 

Financial Position, Delivery and Flexibility and Supplier 6 (Orange) is good on Price and 

Compatibility. 

Vector pi (decision axis), in red, represents the direction of the compromise 

derived from the assignment; the decision maker is invited to appreciate the supplier located 

in that direction. It can be seen from Figure 20 that pi vector is in the direction of Flexibility 
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and the closest alternative to the pi vector is Supplier 2 (Jazztel). This result is consistent with 

the complete ranking of PROMETHEE II. 

Finally, according to the AHP and PROMETHEE computations, it is decided to 

contract supplier 2 (Jazztel). Now, it is analyzed how the variation in the criteria weights after 

the decision will affect the ranking. Sensitivity analysis has been performed with D-Sight 

software and the resulting “stability intervals” values are given in Table 38. Also, Table 38 

gives for each criterion the limits within weights’ values which can vary without changing the 

PROMETHEE II complete ranking. From the result of sensitivity analysis, it is clear that 

Delivery and Time have the greatest impacts on the complete ranking. 

Table 38: Stability Intervals 

Criteria Min Weight Weight Max Weight 
Price 1,31% 16,30% 79,20% 

Quality 0,00% 16,34% 100,00% 

Delivery 0,00% 11,37% 19,92% 

Flexibility 0,00% 11,37% 100,00% 

Technical Capability 0,00% 7,84% 100,00% 

Risk 0,00% 7,84% 100,00% 

Reputation 0,00% 5,38% 100,00% 

Compatibility 0,00% 5,38% 100,00% 

Time 0,00% 3,67% 17,46% 

Financial Position 0,00% 3,67% 100,00% 

Responsiveness 0,00% 2,49% 100,00% 

Experience 0,00% 2,49% 100,00% 

Human Resources 0,00% 1,70% 100,00% 

Market Share 0,00% 1,70% 40,08% 

Management and Organization 0,00% 1,21% 100,00% 

Support 0,00% 1,21% 100,00% 

 



Chapter 5                 Case Study 

A Decision Model for IT Supplier Selection 132

 



 

A Decision Model for IT Supplier Selection   133 

6 CONCLUSIONS 
The momentum for IT outsourcing is becoming almost unstoppable and the stakes 

are high. This appears to be an inevitable trend as user firms are increasingly viewing IT not 

so much as a direct competitive weapon but rather a mere tool for enabling and supporting 

core business activities [33]. 

During this work, it was possible to perceive the amount of IT outsourcing 

relationships that fails because of a not well done supplier selection, and that this number can 

decrease if a defined decision model for IT supplier selection was followed by these 

companies. A successful IT outsourcing relationship can help the outsourcing customer to 

achieve major benefits such as cost-savings, increased flexibility, better quality of services 

and access to new technology. 

The systematic review showed on Chapter 2 takes more time to be done and also 

more effort than the normal literature review, but the results achieved are more consistent, 

since they are based on a well defined prototype that detail all the methods for inclusion and 

exclusion of studies and relevant information. The results presented focus on the initiatives 

and proposals related to IT supplier selection decision where it was possible to show that there 

is not a specific trend related to this area, besides a lot of work was done in 2006. These 

results indicate a lack of studies on IT supplier selection decision, since just 80 were found 

and not all of them are specific related to the definition of an IT supplier selection decision 

model. 

The specific objective of this work was the development of a decision model for 

IT supplier selection that will try to decrease the amount of failures seen in the relationships 

between the client-supplier. As it is possible to see in Chapter 4 (Resolution), this specific 

objective was achieved, since the decision model was defined and explained based on the 

ideas and works from others authors found in the systematic review, in the acquisition models 

and in the decision methods. 
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Moreover, to develop this decision model for IT supplier selection, the sub 

objectives introduced in Chapter 1 were also achieved, since: 

• A systematic review was performed to find works related to IT supplier 

selection decision and, as a result, the evaluation criteria used in the 

decision model was defined. 

• A comparison of outsourcing and acquisition models was performed and 

from this comparison it was found that they provide a set of guides and/or 

best practices focusing on Decision Analysis, but that only shows “what to 

do” from an abstract level, without the “how to do”. Hence, if an IT 

company needs to apply one of these models, it will need to analyze each 

of them, plan and develop a solution for their purpose, which leads to a big 

effort for the company. 

• A comparison of decision methods was performed and helped the author 

in the election of the best choice of evaluation method to use in the 

decision model developed. 

• A case study was done in Chapter 5 with 9 internet service provider from 

Spain, explaining how the criteria values are assigned for each supplier 

and how the pre-qualification of the suppliers is done, the application of 

the proposed AHP-PROMETHEE integrated method with their 

calculations and the analysis of the solution provided by this integrated 

method. In other words, the case study showed how the decision model 

works when selecting the best internet service provider. 

Table 39 presents a summary of objectives, sub objectives and research 

contributions. 
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Table 39: Objectives, Sub Objectives and Research Methodology 

Objectives and Sub Objectives Research Contribution 
Systematic Review • Development of a systematic review about IT 

supplier selection decision. 

• An IT supplier selection decision model is not 
defined. 

• Evaluation criteria definition. 

Comparison of Outsourcing and 
Acquisition Models 

• As the name says, a comparison. 

Comparison of Decision Methods • As the name says, a comparison. 

Decision Model • Definition of a prequalification method for the 
alternative solutions. 

• IT supplier selection decision model. 

Evaluation Methodology • Definition of an AHP-PROMETHEE integrated 
approach. 

• Proposal of two softwares for the calculations 
(Expert Choice and D-Sight). 

Case Study • Application of the decision model developed in a 
real situation. 

 

It is also possible to verify that the proposed decision model achieved the two 

initial hypotheses, since the model acted as a guide during the case study when defining the 

evaluation criteria priorities and making the calculations, and allowed the identification of the 

best solution (supplier), in this case the best internet service provider. 
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PUBLICATIONS 
Revista Ibérica de Sistemas y Tecnologías de Información (RISTI): 

RISTI (Revista Ibérica de Sistemas y Tecnologías de Información) is a scientific 

journal, owned by AISTI (Asociación Iberica de Sistemas y Tecnologías de Información) 

which focuses on innovative research and practical application in the field of information 

systems and technologies. It is a biannual journal that publishes original and innovative 

articles accepted in an evaluation process by at least three members of the Scientific Council. 

Each number of RIST addresses a specific theme that is announced in advance 

call for papers, being accepted only 5-8 articles for publication. The average rate of 

acceptance is quite tight, which is below 15%. 

In the RISTI number 8 from December of 2011, the paper “Análisis de Decisiones 

en la Selección de Proveedores de Tecnologías de la Información: Una Revisión Sistemática” 

was published by the author and director of this thesis. 

This article applies a software engineering systematic review protocol for the 

decision when selecting Information Technology (IT) suppliers. The objective is to search for 

documents related to decision making in the selection of IT suppliers. In addition, the 

systematic review focuses on identifying initiatives and reports of decision making in the 

selection of IT suppliers. The results obtained show that there is a need for more studies and 

define 16 evaluation criteria to use when selecting IT suppliers. 

Conferencia Ibérica de Sistemas y Tecnologías de Información (CISTI): 

CISTI is a technical and scientific event, whose purpose is to present and discuss 

knowledge, new perspectives, experiences and innovations in the Information Systems and 

Technologies field. 

In the 7th Iberian Conference on Information Systems and Technologies in 2012, 

the paper “Mejora de Procesos en el Ámbito de Adquisición: Un Modelo de Decisión para la 

Selección de Proveedores de TI” was published by the author and director of this thesis. 



Publications 

A Decision Model for IT Supplier Selection 142

The main objective of this work was to develop a decision model for selecting IT 

suppliers in order to reduce the number of failures in the relationship between client and the 

supplier. Furthermore, it defines a software engineering systematic review protocol when 

selecting IT suppliers and a case study as a help for the definition of the model and his future 

evaluation. The motivation to define this mode is the absence of any decision model based in 

acquisition models and decision methods for the IT supplier selection question. 

International Journal of Scientific and Engineering (IJSER): 

The International Journal of Scientific & Engineering Research (IJSER) is an 

open access peer-reviewed international forum for scientists and engineers involved in 

research to publish high quality and refereed papers. Papers reporting original research or 

extended versions of already published conference/journal papers are all welcome. Papers for 

publication are selected through peer review to ensure originality, relevance, and readability. 

In the IJSER Volume 3, Issue 11 from November 2012 edition, the paper 

“Outsourcing and Acquisition Models Comparison Related to IT Supplier Selection Decision 

Analysis” was published by the author and director of this thesis. 

This paper presents a comparison of acquisition models related to decision 

analysis of IT supplier selection. The main standards are: Capability Maturity Model 

Integration for Acquisition (CMMI-ACQ), ISO / IEC 12207 Information Technology / 

Software Life Cycle Processes, IEEE 1062 Recommended Practice for Software Acquisition, 

the IT Infrastructure Library (ITIL) and the Project Management Body of Knowledge 

(PMBOK) guide. The objective of this paper is to compare the previous models to find the 

advantages and disadvantages of them for the future development of a decision model for IT 

supplier selection. 
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APPENDIX A: SYSTEMATIC REVIEW 
PROTOCOL TEMPLATE 

The protocol for this systematic review was presented by Biolchini [8]. Next is 

presented the protocol template that was used for development this systematic review. 

1. Question Formularization 
1.1 Question Focus 
1.2 Question Quality and Amplitude 

 Problem 
 Question 
 Keywords and Synonyms 
 Intervention 
 Control 
 Effect 
 Outcome Measure 
 Population 
 Application 
 Experimental Design 

2. Sources Selection 
2.1 Sources Selection Criteria Definition 
2.2 Studies Languages 
2.3 Sources Identification 

 Sources Search Methods 
 Search String 
 Sources List 

2.4 Sources Selection after Evaluation 
3. Studies Selection 

3.1 Studies Definition 
 Studies Inclusion and Exclusion Criteria Definition 
 Studies Types Definition 
 Procedures for Studies Selection 

3.2 Selection Execution 
 Initial Studies Selection 
 Studies Quality Evaluation 
 Selection Review 

4. Information Extraction 
4.1 Information Inclusion and Exclusion Criteria Definition 
4.2 Data Extraction Forms 
4.3 Extraction Execution 

 Objective Results Extraction 
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i) Study Identification 
ii)  Study Methodology 
iii)  Study Results 
iv) Study Problems 

 Subjective Results Extraction 
i) Information through authors 
ii)  General Impressions and Abstractions 

4.4 Resolution of divergences among reviewers 
5. Results Summarization 

5.1 Results Statistical Calculus 
5.2 Results Presentation in Tables 
5.3 Sensitivity Analysis 
5.4 Plotting 
5.5 Final Comments 

 Number of Studies 
 Search, Selection and Extraction Bias 
 Publications Bias 
 Inter-Reviewers Variation 
 Results Application 
 Recommendations 
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APPENDIX B: LIST OF PRIMARY STUDIES 
IN THE SYSTEMATIC REVIEW 

Next are presented the selected primary studies in the development of this 

systematic review.  

List of primary studies in the systematic review 
1 Aissaoui, N., Haouari, M. and Hassini, E. Supplier Selection and Order Lot Sizing 
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2 Akarte, M. M., Rangaraj, N., Ravi, B. and Surendra, N. V. Web Based Casting 
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Operational Research Society, 52 (5), 511-522, 2001. 

3 Albani, A. and Muessigmann, N., Supplier Network Management: Evaluating and 
Rating of Strategic Supply Networks. in Proceedings of the 2006 ACM symposium 
on Applied computing, (Dijon, France, 2006), ACM. 

4 Albani, A. and Müssigmann, N. Evaluation of Strategic Supply Networks. in On 
the Move to Meaningful Internet Systems 2005: OTM Workshops, 2005, 582-591. 

5 Almeida, A. T. Multicriteria Decision Model For Outsourcing Contracts Selection 
Based on Utility Function and ELECTRE Method. Comput. Oper. Res., 34 (12), 
3569-3574, 2007. 

6 Aloini, D., Dulmin, R. and Mininno, V. A HYBRID FUZZY-PROMETHEE 
METHOD FOR LOGISTICS SERVICE SELECTION: DESIGN OF A 
DECISION SUPPORT TOOL. International Journal of Uncertainty Fuzziness and 
Knowledge-Based Systems, 18 (4), 345-369, 2010. 

7 Araz, C., Ozfirat, P. M. and Ozkarahan, I. An Integrated Multicriteria Decision-
Making Methodology For Outsourcing Management. Computers & Operations 
Research, 34 (12), 3738-3756, 2007. 

8 Aydin, M. N. and Bakker, M. E. Analyzing IT Maintenance Outsourcing Decision 
From a Knowledge Management Perspective. Information Systems Frontiers, 10 
(3), 293-305, 2008. 

9 Bacon, C. J. The Use of Decision Criteria in Selecting Information 
Systems/Technology Investments. MIS Quarterly, 16 (3), 335-353, 1992. 

10 Bajec, P. and Jakomin, I. A MAKE-OR-BUY DECISION PROCESS FOR 
OUTSOURCING. Promet-Traffic & Transportation, 22 (4), 285-291, 2010. 

11 Bansal, V. and Pandey, V., A Decision-Making Framework For IT Outsourcing 
using The Analytic Hierarchy Process. in Proceedings - International Conference 
on Systemics, Cybernetics and Informatics, (2004), 528-533. 

12 Batis, D., Chamodrakas, I. and Martakos, D. Supplier Selection in Electronic 
Marketplaces Using Satisficing and Fuzzy AHP. Expert Systems with Applications, 
37 (1), 490-498, 2009. 

13 Betencourt, P. R. B. and Borenstein, D. A Multi-Criteria Model For The 
Justification of IT Investments. Infor, 43 (1), 1-21, 2005. 
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14 Bilsel, R. U. and Ravindran, A. A multiobjective chance constrained programming 
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15 Boonstra, A. Structure and Analysis of IS Decision-Making Processes. Eur J Inf 
Syst, 12 (3), 195-209, 2003. 

16 Brans, J. P. and Mareschal, B. The PROMETHEE Methods. Springer, Berlin, 2005. 
17 Burton, B. K., Ross, S. C. and Tyran, C. K. Make, Source, or Buy: The Decision to 

Acquire a New Reporting System. Journal of Cases on Information Technology, 8 
(3), 55(16), 2006. 

18 Creese, R. C., Golmohammadi, D., Kolassa, J. and Valian, H. Supplier Selection 
Based on a Neural Network Model Using Genetic Algorithm. Trans. Neur. Netw., 
20 (9), 1504-1519, 2009. 

19 Cui, Z., Loch, C., Grossmann, B. and He, R. How Provider Selection and 
Management Contribute to Successful Innovation Outsourcing: An Empirical 
Study at Siemens. Production and Operations Management, 21 (1), 29-48, 2012. 

20 Cunningham, S. W. and van der Lei, T. E. Decision-Making For New Technology: 
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Investigation of Information Systems Outsourcing. Commun. ACM, 39 (7), 36-44, 
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23 Chen, L. Y., Chen, Y. H. and Wang, T. C., Applying Fuzzy PROMETHEE 
Method For Evaluating IS Outsourcing Suppliers. in Fifth International 
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24 24 Chen, L. Y. and Wang, T. C. Optimizing Partners Choice in IS/IT 
Outsourcing Projects: The Strategic Decision of Fuzzy VIKOR. International 
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13216-13222, 2011. 

26 Chen, Y. M., Goan, M.-J. and Huang, P.-N. Selection process in logistics 
outsourcing - a view from third party logistics provider. Production Planning & 
Control, 22 (3), 308-324, 2011. 

27 Cheng, C. H., Kun-Cheng, H. and Wang, J. W. Fuzzy Hierarchical TOPSIS For 
Supplier Selection. Applied Soft Computing, 9 (1), 377-386, 2009. 
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29 29 Chun-ping, H., Pei, Z. and Zhen-xiang, Z., Study on Critical Success Factors 
For IT Outsourcing Lifecycle. in International Conference on Wireless 
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30 Daim, T. and Hanna, R., Managerial Decisions in Service Industry: Case of 
Information Technology. in Portland International Center for Management of 
Engineering and Technology, (2007), 2723-2731. 
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Outsourcing: A Survey and Analysis of The Literature. SIGMIS Database, 35 (4), 
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35 Du, Y., Li, C. and Sun, Y., Selection of 3PL Service Suppliers Using a Fuzzy 
Analytic Network Process. in Chinese Control and Decision Conference, (2008), 
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