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ABSTRACT

This PhD research aims to identify, analyse anduet@a decision model for
an e-procurement Decision Support System (DSSthioipublic sector in Maldives,
especially focusing on the Education Sector. Th& Ses Multi-Criteria Decision
Analysis (MCDA) to evaluate procurement alternative

The features and characteristics of public sectocyrement are based on
major public sector principles, such as non-disgration, equality, transparency and
proportionality. This results in an organised dbgpstep procedure for public sector
procurement. However, this research focuses onlgemisions that are based on the
performances of the suppliers against a pre-setofiscriteria where MCDA is

applied to the evaluation.

This research studied the applicability of a corhprsive set of published
MCDA methods identified in the literature to theoplem context. The MCDA
methods used in this research involves linear wgighmethods, single synthesising
criterion or utility theory, outranking methodszfty methods and mixed methods.

This research adopted the Design Science ReseBSR)(methodology,
which is intended to design an artefact. The actefia this case is the decision
model. The methodology provides the artefact, empldow to use it, and how to
evaluate the artefact. As these three componeat®faprime importance for the
research project, DSR is chosen. The methodolodipwie a set of specific
guidelines provided by Information Systems (IS)essh scholars for such IS
research projects. To support the process stepgheofesearch project, literature
reviews of public sector procurement and MCDA wenelertaken, field research of
focus groups was carried out, and selected docwdedata on procurement
evaluations were collected for performance analggishe MCDA methods in

context.

The first part of the literature review providedethrequirements and

constraints of the public sector procurement inegainand specifically in relation to



Maldivian public sector. The second part of therlture review identified MCDA
methods and their procedures and characteristics.

The focus group discussions were conducted withigpsbctor procurement
evaluation officials of selected education insidns, to identify operational

constraints and requirements of the procurement.

Criteria-based evaluation was conducted on theackenistics of MCDA
methods compared to the public sector requiremgathered through literature
review and focus groups. This analysis was to iflerihe applicable MCDA
methods based on public sector requirements. Tradysas filtered only two
applicable methods namely, TOPSIS (Technique fae©Preference by Similarity
to an ldeal Solution) and COPRAS (COmplex PRopodi#®Ssessment).

Finally, performance analysis was done on thertvethods by applying real
life procurement data collected from selected pmubkector institutions.
Congruence/incongruence analysis, variance analysibility analysis and MCDA
were performed based on the results of the two adsthwith real life data.

The performance analysis shows TOPSIS having higgmésince and stability
over COPRAS. However, congruence/incongruence saisalwas inconclusive.
Based on the results of criteria-based evaluatrah erformance analysis, MCDA
was applied on TOPSIS and COPRAS. The current uidictor procurement
evaluation method, weighted sum and the two fittereethods are used for MCDA
on TOPSIS and COPRAS. The MCDA also resulted woda of TOPSIS.
Therefore, based on this research, the recommethel@dion model for the public
sector e-procurement DSS for the Maldivian conigXtOPSIS.

The major research outputs are the identificatioh poblic sector
requirements in context, the characteristics of tegority of MCDA methods in
context, and strengths of performance of TOPSIS @GGPRAS. In addition, the
research identified the suitable decision modettercontext, a theory of use of it in
the context of the Public Sector of the Maldivesl anframework to identify and

evaluate the decision model.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Procurement objective is commonly defined as thgpig@ion of the right
quality of material, at the right time, in the rigiuantity, from the right source, at
the right price (Baily, Farmer, Jessop, & Jone941England, 1967; Leenders &
Fearon, 1997; Weele, 2000). As procurement may twinto be a complex and
costly task (Monczka, Handfield, Guinipero, Paters & Waters, 2010), a
procurement department needs to have the righe¢rsyst make the right decisions
on procurement. Availability of required materialsd services are one of the prime
factors for the smooth running of any organisatidrherefore, it is a vital
responsibility for the procurement departments é&bect and provide the best

materials and services to the organisation (Engla8@7).

Procurement is challenging because making a fdgment in selecting the
right suppliers is never easy. The stakeholderrthby Freeman (1984) gives no
room for negligence in selecting the best suitabigplier, because it makes a huge
impact on the vast majority of the stakeholders.



In the context of the education sector, where th&earch is focused, the
procurement of unsatisfactory materials and sesvicgy ruin the education of
hundreds of students, the hopes of dozens of maremil the development of
proficient citizens of the nation. Therefore theueation authorities should pay

particular interest to ensuring an effective precoent process.

Through Information and Communication Technolog®@T(), the decision-
making process of procurement can be assisted. avatanformation from various
suppliers can be analysed to suggest the bestisupgm enabling the procurement
decision makers to make sound judgements.

This design science research (DSR) aims to develdpsign of a decision
model for an e-procurement decision support syge8s) for the public sector in
Maldives, especially focusing on the education@edthe DSS uses Multi-Criteria
Decision Analysis (MCDA) to evaluate procuremertemdatives. The study uses
published mathematical models to study and desiguitable decision model for a

public sector e-procurement DSS.

1.2 Research background and context

This research focuses on the procurement of pubdictor education
institutions in the Maldives. Acquiring materialsdaservices for the education sector

is a considerable job and involves a significanbant of funds and effort.

The education sector follows tHehaulathuge Maaliyyathuge Gavaaidhu
2009 (literally, Public Finance Regulatior2009) on procurement published by
Ministry of Finance and Treasury (MoFT), based @maulathuge Maaliyyathuge
Gaanoonu2006 (literally, Public Finance Act2006). In the education sector the
procurement is a manual process done in threereliffehierarchies in different
locations, namely at institutional level, at Mimsbf Education level and at national

tender board level.



Based onDhaulathuge Maaliyyathuge Gavaaidhu 2000the procurement
material or service cost is less than MVR1,000.&8p(oximately GBP42.00), the
institution can purchase it at a common market faben any supplier. If the
procurement material or service cost is from MVRD,00 to MVR25,000.00
(approximately GBP1,042.00), the institution showdt quotations from three
different suppliers and purchase it from the bappser. If the procurement material
or service cost is MVR25,000.00 or above, the fastin has to go for public
bidding or tendering. If the procurement material ervice cost is from
MVR25,000.00 to MVR1,500,000.00 (approximately GRP®0.00), the institution
forms a Bid Evaluation Committee (BEC) and the B&@luates the bids. If the
procurement material or service cost is MVR1,500,00 or above, still the
institution has to announce for public tender amel tenders are evaluated through
National Tender Board (NTB) ("Dhaulathuge Maaliyyage Gavaaidhu," 2009).

The research focuses on the second last band, whererement material or
service cost is more than MVR25,000.00, which negupublic bidding. This band
is considered to be significant because, in thigdlbaducation sector BECs evaluate
and decide the suppliers for education sector pemcent and require careful
evaluation of bids, based on legal and operaticewirements for the benefit of the

stakeholders.

Some institutions are allocated autonomous budgetswith the approval of
the Ministry of Education (MoE), the institutioreke responsibility and do their own
procurement. Budgets of other institutions are taamed by MoE, based on the
needs of the institutions. For these institutionsBvtloes the tendering and BEC of
MoOE selects the suppliers. These tenders are soeetroup tenders for multiple

institutions to lower procurement costs.

When procurement is required, the institutions amce a request for tender
(RFT). In the announcement it specifies a dateafomformation session before the
submission date. During the information sessionetveduation criteria are provided

to potential bidders.



Based on documented evidences and discussions tweéh BEC, the
institutions evaluate bids using the weighted sueth@d on the pre-announced
criteria. Different institutions have slight vai@ts in representation of weighted
sum method. However, these variations do not affeet final outcome of the
weighted sum method. Depending on the materialeungrocurement, the
institutions allocate different criteria and weiglior the criteria.

The supplier selection decision is made based @supplier performances of
the publicly announced criteria set for the proowat, as specified in Public
Finance Regulation of Maldives. The final decisisrtaken by BEC in the research
context. It is a legal requirement for the BEC pedfy the reason for choosing a

specific supplier ("Dhaulathuge Maaliyyathuge Gadha," 2009).

However, the weighted sum method which is currenlgd in public sector
procurement in Maldives and many other countries hadesired outcomes
according to literature (Luitzen de Boer, LinthorSichotanus, & Telgen, 2006;
Keeney, 2002; Mateus, Ferreira, & Carreira, 2010jtzen de Boer et al. (2006)
Boer et al. (2006) identified five distinct issué®m the past public sector
procurement cases that resulted unfavourable peocemt outcomes. Similarly
Keeney (2002) identified 12 mistakes of the methdakn applied to public sector
procurement. Therefore, there is a need to idewtibetter decision making model
for public sector. Any such decision model shouldeinthe specific legislative
requirements of the country (Falagario, Sciancakep@ostantino, & Pietroforte,
2012; Leenders & Fearon, 1997). There are manysiecmodels for procurement
evaluations (Guitouni & Martel, 1998). However ndedature provided a
comprehensive study of the established decision etsobn public sector
procurement evaluation. This study fills this gapusing on Maldivian public sector

procurement.

With developments in ICT, MoE is equipped with IQifrastructure.
However, the procurement evaluations are done nlignuaing desktop computers.
The government of Maldives has established a Nati@entre for Information

Technology (NCIT) to develop and promote ICT. NQids so far developed some



e-Government applications (NCIT, 2012) and it igepted that e-procurement

services will be incorporated in the near future.

In light of these developments in ICT in the puldector of Maldives, the
research focuses on the e-procurement decisionintdol@ever, though the decision
model can be applied manually for the supplier @stabn, this would be time
consuming and prone to errors. Therefore, the relsgaoject specifies the decision

model for e-procurement where computerised proegssiexpected.

1.3 Research question and objectives of the resehlrc

Public sector procurement has a rigid structureoreefl by law and
regulations and follows a standard procedure faipsector procurement involving
many activities at different stages. In the staigeupplier selection, decision-making
is based on the performances of the suppliers sigaipre-set list of criteria. These
criteria allow public sector institutions to stadéferentiated priorities when they
announce for bids or tenders. This situation cee@econtext in which MCDA
techniques should be applied to the evaluation.

There are multiple MCDA methods. However, the aggtlility and
suitability of these methods to the problem contexiot known due to the multiple
constrains and expectations of the public sectdrthare is no evidence of research
conducted to answer the problem in this specifitext. This research will study the
applicability and suitability of a comprehensivé e€published MCDA methods to

the research context.

The primary aim of the research is to identify, lgs@ and evaluate MCDA
methods to be applied as the decision model foreqmocurement DSS in the
Maldives public sector, especially focusing on #uication sector, to suggest the

most preferred supplier, based on supplier perfooes of pre-set criteria.



Considering the primary aim of the research, th@se of the study will be
addressed through the following research question:

What is the most suitable MCDA method that can &eduin public sector

procurement in the Maldives education sector?

To answer this research question, the followingaesh objectives were set:

i.  To identify procurement characteristics, constsagmd limitations of
public sector procurement in general and more fipeto the
education sector in relation to local laws and faigons.

ii. To identify operational constraints, limitations danexpected
characteristics of public sector procurement frovam éducation sector
procurement decision-makers’ perspective.

iii. To identify and analyse the characteristics of puoa¢ MCDA
methods in the context of public procurement deaisnaking.

iv. To filter applicable MCDA methods by undertakingcamparative
analysis of identified methods with the public secprocurement
characteristics, constraints and limitations inatieh to law and
regulation and decision-makers’ view.

v. To carry out a comparative analysis of the apple&dhCDA method,
based on the results of applying real procurematd dets as a proof

of the model with the best performance.

1.4  Scope of the research project

The project is confined to a specific contextslto have clear boundaries of
the project to be completed. The scope of the pragdisted below:

i. The research will focus on a decision model of @eprement

decision support system in the Maldives public etioa sector.



ii.  The research will not cover tendering but usesdgng data and the
information gathered as a result of tendering.

iii.  The decision model will be based on the data receand generated
for BEC to make decisions.

iv.  The decision model will work on multiple selectigniteria set by
public sector institutions for procurement.

v. The decision model will suggest the best altereativased on the
supplied performance data of the pre-set criteria.

vi. The decision model is intended for the public prements with
value between of MVR25,000 and MVR1,500,000, whpublic
tendering is required by law and evaluated by BBC®ducation
sector. However, the decision model could be arpisiemodel to
apply for procurements of value more than MVR1,600, where
NTB evaluates the suppliers.

15 Research methodology

The research adopted DSR methodology, as justifie€Chapter 2. The
process steps of the methodology involve an awaeeié the problem at first,
followed by suggestion and development of an actefnd finally an evaluation and
conclusion. The methodology used here followstafspecific guidelines (Hevner,
March, Park, & Ram, 2004) provided by informatigrstems (IS) research scholars

for IS research projects such as this.

To support the process steps of the research prdjegrature reviews
undertaken, field research carried out, and selectecumented data sets on
procurement evaluations collected. For the fieldeagch, focus groups were
conducted with public sector procurement decisi@king officers to enhance
awareness of the problem; to help to make morefgpsaggestions; and to support



the development of the artefact by identifying @penal constraints and

requirements of public procurement.

The reviews of literature concerning MCDA methodsd athe legal
requirements for the public sector helped to compaiblic sector requirements and
constraints against the characteristics of MCDAhwods. This approach helped to

filter and suggest alternative methods that ardicaipe.

The collected data sets are used to apply theddtenethods, in order to
evaluate it. A set of performance analyses weresdaklen on the results of these

exercises in order to determine the performandbeoairtefact.

1.6 Structure of the thesis

The thesis is organised in the following chapteGhapter two introduces
DSR as the methodology used for this researchusistg the rationale for choosing
it and comparing it to other common research amtre® The overall
implementation structure of the research, with eigxk outputs are discussed in the

chapter.

The third chapter discusses the research desigmovides detailed research
implementation procedures. The chapter consideve the literature review was
conducted, how focus groups are conducted and sewlynd how the performance

analysis was carried out.

In chapter four, a review of the literature on pnanent is presented. It
covers public sector procurement in general andenspecific to the research
context. The chapter also deals with providing apenal definitions and reviewing
the literature for the specific issue of public teecprocurement characteristics,
guidelines, evaluation criteria, and modes of prement in general, and in line with

prescribed public sector legislations.



Chapter five presents the focus group findings hne¢ major themes;
preparation process, bidding process and evalugirocess. Each has its sub-

categories to represent the results.

Chapter six reviews major published MCDA methodsl @ompares the
characteristics of the MCDA methods with the pubkector procurement
characteristics, guidelines and constraints idiectif Based on the comparative
analysis, the chapter identifies the applicable MCiethods in the public sector

procurement decision-making.

Chapter seven discusses the performance analyslsedfICDA methods.
Congruence analysis, variance analysis, and dtabitialysis conducted using real
life procurement data are presented in this chapitee chapter also presented the
application of MCDA to the methods.

Finally, the concluding chapter presents a summéiye research and how
the research question was addressed in the projdw. chapter discusses
contribution to knowledge and provides suggestionthe public sector and also
discusses the limitations of the research projectaddition, future work is also

discussed in this chapter.

1.7 Main findings and contributions

The framework to identify and evaluate the decisioadel is one of the
major contributions. As presented in Section 2.8 diustrated in Figure 2.2, the
framework provided the most suitable decision maatlording to the legislative
and operational requirements of Maldives publidaed he framework incorporated
series of qualitative and quantitative evaluatiangluding performance analysis
using real life public procurement data sets. Tasearch approach has yielded good
results and research findings. This research ddsigasily transferable to other
contexts and studies that aim at understandinggbeof artefacts in complex human

activity systems that share legal, operational@arfbrmance requirements.



Secondly, identification of the most suitable dexianodel for the Maldivian
public sector procurement for the education sefciosupplier evaluation is a major
contribution. The research suggested that the sw&ible decision model for the
context is TOPSIS.

Third major contribution is identification of publisector procurement
requirements and constraints in general and spetofi Maldivian context. The
requirements are gathered from literature and leigims. The research identified 29

requirements.

Fourth major contribution is identification of opéional requirements and
constraints in relation to procurement evaluatiofise requirements are gathered
through focus groups with Maldivian public sectopqurement decision makers.

The research identified 42 operational requirements

Fifth major contribution is the outcome of the eria-based evaluation. This
study compared the identified characteristics ofDACmethods against the public
sector procurement requirements of the researckexionrhis analysis helped to
identify the MCDA methods that are applicable toldildan context. It resulted in
two applicable methods, TOPSIS and COPRAS.

Sixth major contribution is the finding of the rel@ strength of performance
of TOPSIS and COPRAS. These evaluations measueestithngths of performance
of the two methods in same scenarios. Based oevidleation, TOPSIS has a higher
performance than COPRAS.

Seventh contribution is the application of the iifead decision model in
practice. These sample applications, with segmeatetstaged results, will allow
users to understand the application of the metogsocurement and its results in

procurement context.
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1.7.1 Publications

Based on the findings and contributions discuseeprevious section, three
journal papers and two conference papers are pgblignd two more papers are

under process. The publications are as follows.

Journal papers:

« Adil M, Nunes MB & Peng GC M (2014) Identifying Oeional
Requirements to Select Suitable Decision Model&fBublic Sector E-
Procurement Decision Support System. Journalfofdmation Systems and
Technology Management, 11(2), 211-228.

« Adil M, Nunes MB & Peng GC M (2014) A three tieratwation mixed
method research model aiming to select an adefyl@@A method for
public sector procurement. International Jourhdloltiple Research
Approaches, 8(2), 179-189.

« Adil M, Nunes MB & Peng GC M (2013) Selecting e-puoement decision
models by evaluating MCDA methods according tordtpiirements of the
Maldivian public sector. International Journal eh&l Economies, 4(1), 9-
22.

Conference paper:

« Adil M, Nunes MB & Peng GC (2014) Selecting suiaBl-procurement
decision models for the Maldivian public sectordwaluating MCDA
methods. New Perspectives in Information SystemdsTachnologies, Vol. 1
(pp 455-465). Maderia, Portugal, 15 April 2014 -A&il 2014.

« Adil M, Nunes MB & Peng GC (2013) Selecting Pul@di®rocurement
MCDA Methods Using a Three Tier Evaluation Mixed thigd (TTMM)
Research Model.Proceedings of the 12th Europeafe@ute on Research
Methodology for Business and Management Studied.{®p
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CHAPTER 2

RESEARCH METHODOLOGY

2.1 Overview

The chapter describes the methodological approaell un this research,
which aims at responding to the research questr@septed in Chapter 1 and
represents a research focus on designing a deawstolel for e-procurement DSS

using multi-criteria decision analysis.

The research adopts an overreaching Design Sci®esearch (DSR)
approach, which is chosen based on a review ddréifit research approaches for this
type of information system project. This chapteplais the choice of methodology

and the reasoning behind the research approacteemeiques used.

At first the chapter justifies the choice of DSRveasll as the philosophical
grounding of the approach when compared to ottsmareh approaches. The chapter
also explains the implementation of the researdjept in terms of DSR adopted

activities, such as field research and artefaduatian.
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2.2 Philosophical grounding and the basis for choogy DSR

According to the traditional perspective of IS @®eh, Laws (2003) describes
two major research approaches: positivist and pnééive approaches. Laws (2003)
stated that research is all about the power ofndefi reality and research is

undertaking systematic study with a view to makiagid claims about the world.

However, different research traditions interpreis tefinition differently.
Traditional scientific research claims that ‘thdestist is disinterested, unbiased
observer, who can produce objective truth aboditygaa reality that is out there to
be observed. Social science research which foltbigstradition is called ‘positivist’
research (Laws, 2003:27).

Flick (2009) states that positivism is often atetho realism because “both
assumes that natural and social sciences shouldamdpply the same principles to
collecting and analysing data and that there iddaout there (an external reality)

separate from our description of it” (Flick, 2009)6

Recent social science approaches have disputadetighat a truly objective
science is possible, showing how the observersds@int affects what is seen at
every level. Reality is, to some extent, influendsdour own views of it. These
traditions of research include social construcsoni phenomenology, critical

theory, and grounded theory (Laws, 2003:27).

Design science research is a set of techniquesctratoe used alongside
positivist and interpretive viewpoints in IS resgafVaishnavi & Kuechler, 2011).
Table 2.1 summarises the philosophical assumptidribese three approaches of

research.
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Table 2.1: Philosophical assumptions of three meseaerspectives (Source:
Vaishnavi and Kuechler, (2011)).

Research Perspective

Basic Belief Positivism Interpretivism Design Science

Ontology A single reality. | Multiple Multiple, contextually situated
Knowable, realities, alternative world-states, socio-
probabilistic socially technologically enabled.

constructed.

Epistemology Objective: Subjective, i.e. | Knowing through making:
dispassionate. | values and objectively constrained
Detached knowledge construction within a context.

observer of
truth

emerge from
the researcher-

Iterative circumscription reveals
meaning.

participant
interaction.

Methodology Observation; Participation; Developmental. Measure
quantitative, qualitative. artifactual impacts on the
statistical Hermeneutical, | composite system.

dialectical.

Axiology: what Truth: Understanding: | Control; creation; progress (i.e.

is of value universal and situated and Improvement); understanding.
beautiful; description
prediction

The three perspectives of research outlined inélradl are further discussed
in the following sections explaining why DSR is atkd and other approaches are

rejected for the research project.

2.2.1 Positivism

Positivism is the philosophical stance adopted bjural scientists and in
social science, it is bounded with observable $omality producing research
outcomes of ‘law-like generalisations’, like thoskephysical and natural scientists
(Saunders, Lewis, & Thornhill, 2009). In contrasis research project is confined
to a specific context and specific group to desagsolution valid to the research
context only. It is the identification of the daois model for decision-making for the

public procurement of Maldivian Education Sector.
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The positivist approach involves using existingottyeto develop hypotheses.
These hypotheses are tested to be accepted asla whpart, or proved false
(Saunders et al., 2009). For this research, theraoi clear hypothesis, but the
objective is to reach a decision model to help éeision-making in the research

context.

A significant part of the positivist approach, atog to Saunders et al.
(2009), is that the research is conducted in aevllee way. However, this research
project cannot be value-free research, due todtgext. It involves procurement
culture, laws and regulations, expectations of pblic and many other value
incorporated factors that are unique to the congexd cannot be generalised. In
addition, the research project is employed in otdedevelop a decision model for

public sector procurement which adheres to con&xtonstraints and requirements.

Due to ontological and epistemological conflictéween positivist research
approach and this research context, as discussee ab positivist approach cannot

be used to answer the research question.

2.2.2 Interpretivism

Interpretivism, in contrast to the positivist stapadvocates that the social
world is far too complex to be theorised by expligws’, as in the physical sciences
(Saunders et al., 2009). Interpretivists arga¢ itnportant concepts of this complex
world are nowhere to be found, if such complexstpiesented as a sequence of law-

like generalisations (Saunders et al., 2009).
Interpretivist researchers have knowledge of tlffler@ince between carrying
out research among people and objects. Humangpiatetheir part in a particular

way and it varies according to their set meanitggiders et al., 2009).

The ontology of the interpretivist research congdenultiple realities

(Vaishnavi & Kuechler, 2011) but this research aitos find a single most
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appropriate MCDA model for the context, and theeaesh context does not assume

multiple alternatives.

The major output of this research, the decision ehad contextualised and
applicable only to the context. However, the frammdwof identification and the
evaluation of the decision model could be usedierosimilar problems.

“Interpretive studies generally attempt to underdtphenomena through the
meanings that people assign to them” (Myers & Walsh1998:233). Interpretivists
are not “reporting facts; instead, they are repgrtiheir interpretations of other
people’s interpretations” (Walsham, 1995:79). Homrevthe research question
established in Section 1.3 required the identifocat analysis and evaluation of
MCDA methods, based on their inherent charactesistinked to the contextual
requirements. These inherent characteristics of M@methods are facts presented
through analysis and evaluation, rather than péojperpretation attached to the
MCDA methods. The analysis and tests on MCDA methcahnot be performed

through an interpretivist approach to answer tseaech question.

“Central assumptions of interpretivism include thatowledge is gained
through social constructions, that it does notudel predefined dependent and
independent variables, that it focuses on sensengnak complex and emerging
situations and that it attempts to understand piena through the meanings
assigned to them by individuals in situations” (t&2014:2). However, MCDA
methods require predefined variables to functidém.addition, for the performance
evaluation of the MCDA methods needed for this aede requires predefined
variables, as the performances should be evalla@sedd on the results of the MCDA
methods when executed with required parameterseldre, the research is not in

alignment with interpretivist approach.

Interpretivist approach interprets people’s desnpof their surroundings,
organisational structures, technological artefeamsl their relations (Schultze &
Leidner, 2002). However, the research question doet require people’s

interpretation of the MCDA methods and its relasiprbut requires a factual
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description of the MCDA methods and its charactiessto evaluate the method’s
suitability as a decision model for the context.

As described above, interpretivist approach doed saopport the
identification, analysis and evaluation of MCDA meds to answer the research
question for the particular context. Therefore,eiptetivist approach was not

selected as the base approach for this research.

2.2.3 Design science

“Design science research is yet another "lens'eboganalytical techniques
and perspectives (complementing the Positivist Bmdrpretive perspectives) for

performing research in I1S” (Vaishnavi & Kuechle§14:1).

DSR intends to design a man-made artefact opposedatural science.
Simon (1996) made a clear distinction between 'hadtecience™” and the "science of
the artificial", also known as design science, @ing the design activity into the
spotlight at an intellectual level. Design activig/ the creation of an artefact, its
components and their organization, which interfaices desired manner with its

outer environment (Vaishnavi & Kuechler, 2011).

The science of the artificial is a body of knowledapout artificial or man-

made objects and phenomena designed to meet caesined goals (Simon, 1996).

Artefacts developed through design science researclude algorithms,
human computer interfaces and system design mdtimds or languages, and
many more. DSR can be understood as the analy$ie afse or performance of the
artefacts to enhance and recognise the behavioaspécts of IS (Vaishnavi &
Kuechler, 2011).
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2.2.3.1 Basic principles

Design science research is carried out in variolgest areas commonly in
engineering and computer science, using a variétapproaches, methods and
techniques. For the past several years, IS resd@shshifted from technological
issues to managerial and organisational issues.eMenymany researchers are still
supporters to return to an investigation of the""IRat underlies IS research
(Orlikowski & lacono, 2001).

DSR is distinct in terms of their metaphysical asptions. One of the
distinct features of DSR is that the ontology, ggn®logy, and axiology of the
paradigm cannot be developed from any other relseapproaches. The second
distinct feature is that when the project runsgaes through several refinements
(Vaishnavi & Kuechler, 2011).

Alternative world-states are easily acceptable ésigh science researchers
because DSR itself changes the state of the werlidans of bringing the artefacts
to it. The initial phase of DSR provides a tent@atomposition to develop an artefact
which will have the functionality to solve the intded problem. For this process
DSR keeps a natural-science-like belief in a sinigted grounded reality (Vaishnavi
& Kuechler, 2011).

However, as shown in Table 2.1, DSR considers glesiatable physical
reality with a multiplicity of world-states, unlikehe multiple realities of the

interpretive researcher.

Epistemologically, in the course of circumscriptiom DSR, the design
science researcher identifies that the informatseobased on fact and understands
more about what that information means. The desSonp of the result of
interactions between the components or the behawviahe artefact are information.
The level of predictable behaviour of the artefdstermines whether the information
is true. The reliance on a predictably working fate provides DSR with an
epistemology that looks more akin to natural-seenesearch than that of either

positivist or interpretive research (Vaishnavi &dahler, 2011).
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Design science is “fundamentally a problem-solvpagadigm. It seeks to
create innovations that define the ideas, practieetinical capabilities, and products
through which the analysis, design, implementatiommnagement, and use of
information systems can be effectively and effidgaccomplished” (Hevner et al.,
2004:76).

Hevner et al. (2004), believe that artefacts aterdependent and coequal
with organisational and social contexts in meetinginess goals. Hevner et al.
(2004), argue that the ability of the construct®dels, methods, and instantiations
are as important as other elements of organisadiad that DSR work is required to

create it.

2.2.3.2 Methods in DSR

Quantitative and qualitative methods are used iR DQuantitative analysis
of artefacts is done using a mathematical basis as@ptimization proofs, analytical
simulation, and quantitative comparisons with alive designs (Hevner et al.,
2004).

Empirical and qualitative methods are used in trauation of the artefact,
based on the research context. In such contexslitajive assessment of the
interaction of people, organisation and technolagyld give a better understating

of the phenomena for theory development (Hevnat.e2004).

DSR provides the artefact, explains how to use attefact, and how to
evaluate it. These features are required in trssaieh project. Therefore, DSR is
extremely appropriate to respond to research quesis such, this research project
applies DSR and uses qualitative and quantitatiethods in evaluation of the

artefact. The methods used in this research prajeatletailed in Sections 2.3.3.
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2.2.3.3 Outputs of DSR

According to Hevner et al. (2004), DSR develops assesses IT artefacts
meant to solve identified organizational probleiffsese artefacts may include
software, formal logic, and rigorous mathematicsinéormal natural language

descriptions (Hevner et al., 2004).

The definition of artefact by Hevner et al. (200#)¢ludes instantiations,
constructs, models, and methods applied in theldewent and use of information
systems. But it does not include elements of oggditins and the evolving process
of artefacts.

According to Hevner et al. (2004), the artefaceated in DSR are not often
fully developed information systems implementedonganisations. They are new
concepts that define ideas, practices, technigaluéties, and products.

March and Smith (1995) state that there are fquesyof DSR products. They
are constructs, models, methods, and implemengat@onstructs are the vocabulary
of intended DSR domain. They represent the conapptied to explain problems
within the domain and to state their solutions (dha& Smith, 1995). Constructs
come up during the conceptualization of the DSRbl@m and are enhanced and

improved during the design cycle (Vaishnavi & Kulech2011).

A model is “a set of propositions or statementsresging relationships
among constructs” (March & Smith, 1995:256). Inidgesactivities, statements of
condition as problems and solutions are representatof models. A model is

basically a description or a representation of hlmwgs are (March & Smith, 1995).

A method is “a set of steps (an algorithm or gurml used to perform a
task” (March & Smith, 1995:257). Methods are depeld on a set of constructs and
a model of the solution. Even if methods are cleadt defined, the demonstration
of activities and results are inherent to methddiar¢h & Smith, 1995).

20



Instantiations operationalise constructs, modeild, methods as the outcome
of the realization of an artefact in its environm@darch & Smith, 1995:258). An
instantiation sometimes precedes a complete aationl of the conceptual
vocabulary, models and methods that it embodissamiations exhibit the
possibility and usefulness of the models and methibdy contain (March & Smith,
1995).

In addition to the four types of outputs by (Ma&tSmith, 1995), based on
the work of Rossi and Sein (2003) and Purao (200 shnavi and Kuechler (2011)
stated that the fifth output of DSR is better thesr

There are at least two different ways that DSR ridmunies to better theories.
Firstly, as the methodological construction of aefact is an object of theorizing for
many communities, the construction phase of a DEfttecan be an experimental
proof of method or an experimental exploration @tinod, or both. The second way
of contributing to better theories, as artefacts show relationships between its
elements. The relationships between elements efaats allow certain behaviours,
and it restrains some, in order for its functionb® as it should (Vaishnavi &
Kuechler, 2011).

The outputs of DSR explained above are summarisddble 2.2 providing
the titles and descriptions.

Table 2.2: The outputs of DSR (Source: Vaishnadi ldnechler (2011))

Output Description
1 | Constructs The conceptual vocabulary of a domain

A set of propositions or statements expressing relationships

2 | Models
between constructs
3 | Methods A set of steps used to perform a task — “how-to” knowledge
4 | Instantiations The operationalization of constructs, models and methods.
. Artefact construction as analogous to experimental natural
5 | Better theories

science, coupled with reflection and abstraction.
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The research project followed DSR guidelines arsldenerated the outputs
listed in Table 2.2 and explained in Section 2.l implementation details of the

research project with the outputs are discussé&skation 3.4.

2.3 Implementation of research project

The methodology of DSR proposed by Vaishnavi aneédiler (2011) is
adapted for the implementation of this researchept@as summarised in Figure 2.1.
Originally, Vaishnavi and Kuechler (2011) shows th&comes of Development,
Evaluation and Conclusion looping back to awaremédbke problem. However, the

researcher is presenting it as findings and cautiohs of the research.

Process Outputs
Steps
Awareness of : Proposal |
Problem I |
I |
] | .
. I |
Suggestion I Tentative design!
ﬂ |
Development Artefact
Evaluation Performance measures
Conclusion Results

Figure 2.1: General methodology of DSR (Adaptedifidaishnavi and Kuechler
(2011))

The process steps of the methodology involve avem®of the problem at
first, followed by suggestion and development of amefact, then finally its
evaluation, to make a conclusion. The processqubs siee further explained in the

following sections.
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For this research the last three steps of DSR;faattedevelopment,
evaluation, and conclusion, are implemented acogrth the model shown in Figure
2.2.

[ A

Legal Requirement%; Field Research - é -§
7 888

£33

| Operational Requirementls Literature Review & &

v

| MCDA Method Groups |

J
4

Development Stage
(Qualitative Analysis)
A

Y
Public Sector Requiremen{s

Criteria-based
Evaluation

\

Y
Phase Il
Criteria-based
evaluation

Criteria-based

Evaluation MCDA Methods |

[ L4 3
| Applicable Methods |

| Procurement Data | |Pub|ic Sector Requiremerl\ts

Y
Phase III
Performance
analysis

Performance
Evaluation

| Evaluation Results |

Evaluation Stage
(Quantitative Analysis)
A

Y
Phase IV
MCDA

| Applicable Methods | |Pub|ic Sector Requiremerl\ts

MCDA

—
\

A 4

Most Suitable Decision Model

Stage

Conclusion

Figure 2.2: Artefact development, evaluation anadctwsion model

For the development, in the first phase, at fits, literature review of public

sector procurement was done in general but was spa@fically related to research
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context. This component is presented in Chaptefht second step was field
research, involving focus groups conducted withlipud®ector procurement decision-
makers, in order to understand operational requeresn The focus groups are
explained in section 3.4 and the analyses are piegdé Chapter 5. The third step of
the first phase was a systematic literature revidWMICDA methods, in order to

analyse their characteristics and requirementss $istematic literature review is

explained in section 3.3.2 and the discussiong@sented in Chapter 6.

For the second phase, firstly a criteria-baseduaw@n was conducted on
MCDA methods at group level against public sectguirements. Secondly, another
criteria-based evaluation conducted on individuaCIDA methods that passed
through the previous step, against public sectguirements. The MCDA methods
filtered through the criteria-based evaluation t@ateen for the evaluation stage. The
development stage is further explained in SectioB.32 The results of the

evaluations are presented in Chapter 6.

For the evaluation stage, real life procuremena dats were collected from
public sector institutions. These sets of procur@ndata were applied to the filtered
methods from the development stage. In the thiakplof the research, performance
analyses are undertaken on the results of thecapipln of the real life procurement
data to differentiate the filtered MCDA methods talation to public sector
procurement requirements. The fourth phase is egtpin of MCDA to select the
best performing method, based on the performaneealtse from the previous
evaluations. The evaluation stage is further erpldiin Section 2.3.4. The results of

the evaluations are presented in Chapter 7.
For the conclusion stage, results of the evaluagtage were used to make a

decision on the filtered methods in the contexpuoblic sector procurement as is

further explained in Section 2.3.5.
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2.3.1 Awareness of problem

As described by Vaishnavi and Kuechler (2011), aweass of an attractive
problem may result from developments in an industryn a particular discipline.
Reading in the discipline may also provide the cleaim apply new solutions to the
researcher’s field. The output of this phase isoppsal for new research (Vaishnavi
& Kuechler, 2011).

The government of Maldives in the research corntestestablished a Nation
Centre for Information Technology as the main gowesnt agency for the
development, promotion and propagation of Infororatifechnology (IT) in the
Maldives (NCIT, 2012). NCIT is also currently wonkj on e-Government project to
ease government services to the public (NCIT, 20¥2h the developments in
public sector IT infrastructure and services, gxpected that e-procurement services
will be available to the public sector.

Currently, the research context is using a manugighted sum decision
analysis model which has lots of drawbacks and sirmlde outcomes (Luitzen de
Boer et al., 2006; Keeney, 2002; Mateus et al.,020There are many decision
models which could be used (Guitouni & Martel, 1p@8d could potentially be
better. However, no research has been done so ffuisospecific problem to identify

the best applicable decision model for the reseenatext.

The developmental changes in government servisesieationed above, and
better theoretical understanding of the procurendestsion, has created an interest
in researching a better decision model for procer@ndecisions. As a result, a

research proposal has been developed.

2.3.2 Suggestion stage

As described by Vaishnavi and Kuechler (2011),sihggestion stage follows
immediately after the proposal and the output & tdntative design, which is any

formal proposal for design science research fopansor. It is basically a creative
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step in which new functionality is figured out bdsen a novel configuration of
either existing or new and existing elements (Viagsh & Kuechler, 2011).

Public services are being transformed to offer easgess to the public
through e-services in the Maldives (NCIT, 2012pd2rement is one of the services
which requires a significant amount of public fundst no research in the problem
context has been done to improve the procurememnices, even though the
developments in technology and infrastructure aesebbping in the research

context.

Since there are many different multi-criteria dem analysis methods
which could be used in public sector procuremeatagario et al., 2012; Guitouni &
Martel, 1998; Vaidya & Kumar, 2006), the proposasao identify and suggest the
most suitable MCDA method for public sector procoeat decisions to incorporate

the new technological developments of public sewic

In light of the developments in the public sectarvices in Maldives,
especially focusing on e-government services aedrboretical developments of the
subject area, a formal research proposal for #8earch project was submitted to the
sponsor. After considering the proposal with higtportance, a team of experts for

the sponsor accepted this research project aneduind

2.3.3 Development stage

As described by Vaishnavi and Kuechler (2011), d@&we Design is
implemented in this phase. Implementation techrsquaey depending on the artefact
to be constructed (Vaishnavi & Kuechler, 2011).

The development stage has two phases: requirenspdsification and
criteria-based evaluation. The one the researcdhitaes in first phase is conducting
literature reviews of public sector procurement #mel area specific to the problem

context, in order to understand the characterisaind constraints of public sector
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procurement. It also covers the characteristicM@DA methods to assess it in

relation to public sector procurement.

The second research activity in first phase of Wgment stage involved
field research to identify operational issues amxgeeted characteristics of the

decision model for public sector procurement fragoigsion-makers.

Finally, the outcomes of the literature reviews diett research results are
analysed and compared against MCDA models for cabijitg. This analysis is a
criteria-based evaluation. The following sectionsvimle further details of the three

stages of development.

2.3.3.1 Literature reviews

A literature review of public sector procurementianore specifically public
sector procurement of problem context was complefetiowed by a second

literature review to understand the characterisgtfdd CDA methods.

The literature review of public sector procurementis to identify
procurement characteristics, constraints and limita of the public sector in general
and specifically related to procurement in the NMlaéh education sector in relation
to local laws and regulations. The outcome of tiberdture review is used for
criteria-based evaluation as illustrated in Fig@r. This literature reviews are

presented in Chapter 4.

A systematic literature review of MCDA methods aegried out in order to
identify characteristics of potential MCDA methods the context of public
procurement decision-making. This literature reviemwvpresented and discussed

together with criteria-based evaluation, in Chapter

The literature reviews helped to compare the puddictor requirements and

constraints against the characteristics of MCDAhuods. This approach helped the
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filtering and identifying alternative MCDA methotts apply in the Maldivian public
education sector. The design of the literatureengsiare further explained in Chapter
3.

2.3.3.2 Field research

Field research was carried out mainly to answes#w®nd research objective
listed in section 1.3, which is to identify opecaial constraints, limitations and
expected characteristics of public sector procurgnieom the education sector

procurement decision-makers’ perspective.

The field research was also to support the prostegss (listed in Figure 2.2)
for the research project, more specifically to emeaawareness of the problem, to
help generate more specific suggestions and toosugevelopment of the artefact.

As discussed in section 3.4.3.1 and section 3.4.@dited number of
procurement decision-makers in education sectortlagyl make decisions in groups
as BECs. Therefore to fulfil the second researdgeablve to understand decision-

makers’ perspective, potential methods were ingsvgiand focus groups.

Interviews are useful for exploratory, explanat@yd evaluation studies.
However, it provides view of the specific intervieevand not all the people are
equally articulate and perceptive (Creswell, 20@&).such, focus group discussions
would minimise this drawback in interviews and deppent each other’s view point
(Barbour & Kitzinger, 1999). It is also more protiue to discuss in pre-existing
groups (Lloyd-Evans, 2006), like BECs, as the prement decisions are done in

groups.
Focus groups are being increasingly used in academd the method is

being followed in variety of social sciences (Barb@& Kitzinger, 1999) to gather
information on public perceptions and viewpoint®ld-Evans, 2006).
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Even though focus groups have great potential, kg other research
methods, they can be used incorrectly (Barbour &iKger, 1999). However, focus
groups have more strength, according to Morgan {195 two eight-person focus
groups would generate as many ideas as 10 individteaviews and working with

two focus groups clearly is more efficient. (MorgaQ97).

“Focus groups are group discussions exploring &ibpeset of issues. ...
Crucially focus groups are distinguished from theader category of group
interviews by the explicit use of group interactiongenerate data. Instead of asking
guestions of each person in turn, focus group reBees encourage participants to
talk one another” (Barbour & Kitzinger, 1999:4)

Focus groups are best applied to look for peopdxseriences, opinions,
wishes and concerns (Barbour & Kitzinger, 1999)our discussions match the
ways in which participants’ views are generatedkep, and exchanged in everyday
life. It also helps validate statements and vielw®ugh corrections by the group

concerning views that are agreed to be incorrditk(2009).

This field research involved focus group discussiwith BEC members of
public sector education institutions. Since theukbgroups in this research project
were used to find out how the current process woiksluding constraints and
requirements, and the expected characteristicsnatl@al evaluation method, it is
expected that group members would contribute toiref and adding missed points
by colleagues, as focus groups stimulate the rekpusa and help them to recall
events, and more information than that obtainechfredividual interviewees can be

gained (Flick, 2009). This field research desgfurther explained in Chapter 3.

2.3.3.3 Criteria-based evaluation

This activity involved qualitative comparative aysb of the suggested
alternatives, with the results of the analysedifrelsearch and literature review used

to confirm the compatibility of the artefact. It ascriteria-based evaluation, defined
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by Chen, Osman, and Peng (2012) as an “evaludtamig conducted according to
predefined checklists, heuristics or principle’hese same authors state that these
criteria stem from “specific theories, as well atssof guidelines, standards or even
legal requirements”. In this step, the criterizdxh evaluation of the MCDA
methods is performed against legal and operatioeglirements of public sector
procurement of the Maldives, gathered from thediiere and results of the focus

groups conducted.

For this purpose, at first, the MCDA methods a@uged into five categories
as in the literature by some authors (Figueira,cGré& Ehrgott, 2005; Guitouni &
Martel, 1998; Ho, Xu, & Dey, 2010).The charactecstof the groups are then
compared to previously identified public sector uiegments. The individual
methods of the groups which satisfy public secdguirements are further compared
with legal and operational requirements to selediable methods from the group.
No individual methods are further considered ifpigsent group does not meet public
sector requirements. The results and additionfdrnmation gained from each

comparison are noted and considered for the nexicralternatives.

The aim of this criteria-based evaluation in theosel phase of the research
as illustrated in Figure 2.2 is to check which bé tidentified MCDA methods
comply with public sector requirements and coulddmee good candidates for the
design and development of the new e-ProcuremensidacSupport System. These

evaluations and its confirmations are discusseéchapter 5.

The results of the criteria-based evaluation agedfittered MCDA models for
the artefact which are in confirmation with thddieesearch and literature are fed to
third phase evaluation as shown in Figure 2.2.

2.3.4 Evaluation of artefact

As described by Vaishnavi and Kuechler (2011), ateeeloped, the artefact

is evaluated according to the evaluation criteDaviations from expected results,
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both quantitative and qualitative, are carefullyatband explained. The evaluation
stage includes an analytic sub-phase in which @itipas are made about the

behaviour of the artefact (Vaishnavi & Kuechler12)

The final set of artefacts undergoes a series aluations. It has three major
methods of performance evaluation and MCDA. Thdseet methods are used
because they are complimentary and analyse ditfepenformance aspects of
MCDA methods namely: similarity of performance, tdixce of alternatives, and

stability of results.

MCDA is applied using the outcomes of the critdrésed evaluation and

performance analysis to identify the most suitabéalel in the research context.

2.3.4.1 Performance analysis

The research project also collected and includedllife data sets and their
results used in procurement evaluations by puleltos education institutions. These
data sets are used to apply the selected andedliteet of final artefacts, so as to

evaluate and make a conclusion as in the procegs fisted in Table 2.2).

This quantitative analysis component of this studgs selected procurement
data sets collected from three distinct public aeetlucation institutions working at
three different levels. The three different puldictor education institutions are a
primary school, a secondary school and Ministrfditication (MoE). Thirteen sets
of previously evaluated procurement data, alondp whee results of the evaluation,
are collected from the three levels of institutigm®viding more diversity in the data

from the education sector.

The data sets were applied to the MCDA methodgrét by the qualitative
comparative analysis undertaken. The evaluatiorarheca comparative process
where the competing MCDA methods were evaluatedtHer significance of the

results, one against the other. The set of quawmgtanalysis methods used for
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evaluation are the performance analysis methodd usdhe literature for such
comparisons of MCDA methods (Antucheviciene, Zakads& Zakarevicius, 2012;
Podvezko, 2011; Raju & Pillai, 1999).

The first quantitative analysis method was congceéncongruence of
ranking analysis, following the approach used byjuRand Pillai (1999).
Congruence/incongruence of ranking analysis is @inthe analyses employed to
compare MCDA methods in literature by calculatingrrelation coefficients
(Antucheviciene et al., 2012; Raju & Pillai, 199B%r this analysis Spearman’s rank
correlation coefficients are calculated, as thigeads the degree of association
between ranks generated by different MCDA meth&idgy & Pillai, 1999).

According to Raju and Pillai (1999), if the Speamsarank correlation
coefficients between the compared methods are theim, the choice of the methods
would have minimum contention. That is, if two mmds have higher correlation

coefficients, the results of the two methods areensimilar.

The second quantitative analysis was variance aisabn the results of the
selected MCDA methods. Variance measures how $&t af numbers is spread out
(Field, 2005). The smaller the variance the cldkerdata points to the mean and
each other. Similarly, a high variance indicatest tihhe data points are very spread

out from the mean and from each other.

The aim of this variance analysis is to comparettitee results to check
which method spreads the data points more, withhdhkprocurement rankings. The
higher the variance of the rankings, the fartherdhernatives are from each other.
Therefore the method which provides the higherara@ would make alternatives

more distinct from each other, for better selecbgrihe BECs.

The third quantitative analysis took the form cftability analysis, following
the method used by Podvezko (2011). Stabilityymmalor robustness of results of
MCDA methods is judged based on the effect of ckang the parameter values
(Podvezko, 2011; Raju & Pillai, 1999).
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Stability is higher if the higher changes in partanevalues change the
ranking results. Similarly, stability is lower ibwer changes in parameter values
change the ranking results. This test is to anaays® identify the method which
provides higher stability.

The detailed activities in the performance analyaes explained in the
following chapter, research design in Section JIge analyses are presented and

discussed in detail in chapter 6.

2.3.4.2 MCDA evaluation

The performance evaluation results are analysetig¢ok the best performing
MCDA method following the approach used by Raju Rilthi (1999). This analysis
involved applying MCDA on the filtered methods. Tharrent method used by the
public education sector institutions to evaluate tbuppliers and the filtered
applicable methods are used as MCDA for the evialuaf he filtered methods are
chosen because it is provided by the second phasesearch with criteria-based
evaluation which selects the MCDA methods that eslht® the public sector
procurement requirements of the Maldives. In addijtithe current method in
practice, weighted sum, is chosen to evaluate théemnce results based on the
current system. Therefore, the methods used foMB8®A evaluation are in line
with the public sector procurement.

This MCDA evaluation will provide the best methobrh the available

alternative methods.

The detailed evaluation procedure is discussed hap@r 3 and the

evaluations and results are discussed in Chapter 7.
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2.3.5 Conclusion of research

As described by Vaishnavi and Kuechler (2011) tbectusion stage is the
finale of a specific research effort. “Typically,is the result of satisfying, that is,
though there are still deviations in the behaviouthe artefact from the (multiply)
revised hypothetical predictions, the results ajadged ‘good enough™ (Vaishnavi
& Kuechler, 2011:9).

To satisfy the decision model's requirement of ‘goenough’, the
performance evaluation given above is carried &ased on the results of the
evaluation the best performing MCDA method is Seléc

2.3.6 Outputs and its realisation

The research project created the artefact which ickemtify the best
alternatives in a given context in line with pubiector constraints, fulfilling the

major aim of the research.

The outputs listed by March and Smith (1995) anisMaavi and Kuechler
(2011), shown in Table 2.2, are also realisedhatoject discussed the conceptual
vocabulary of a domain in the literature reviewmtieas (Chapter 4 and 6), giving the
first outcome of constructs. The second outcontieasnodels created, as the artefact
provides the relationships between the constractthe DSS model in Chapter 4 and
6. The third outcome involves methods, which anglared as the artefact provides
the steps and procedures for applying the DSS nindehapter 6 and 7. The forth
outcome, instantiation, is achieved as the resganalect analysed and identified the
decision model for the context. The realisatiomhef fifth outcome, better theories, is
achieved through providing the methodological cartsion and evaluation of the

decision model in the particular context.

In addition to the outputs of DSR, the researchgatadentified public sector
requirements and constraints in the Maldivian cants discussed in Chapters 4 and
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5. It also has gathered the characteristics of mMM&DA methods and its
applicability in the context of public sector proement. Finally, it has also
evaluated and gathered the performance strengththeofftwo MCDA methods:
TOPSIS and COPRAS.

2.4 Conclusion

This chapter has discussed the detailed method@pgled to the research
project. The philosophical aspects of the DRS ihati@n to positivism and
interpretivism have been discussed in relatioméodutcomes of DSR research.

This chapter has also discussed the DSR reseatighi@s conducted for the

research project, and the artefact evaluation nasthad level of checks completed.

The chapter has explained and justified the rebearethodology used and

techniques adopted for the research project.

35



CHAPTER 3

RESEARCH DESIGN

3.1 Overview

As mentioned in the previous chapter and illusttateFigure 2.2, literature
reviews, a field research, quantitative analysis w@nducted as major components
of the research project. This chapter presentsdssulisses the research design for

these major areas.

This chapter discusses in detail the approach, egioes and activities
conducted for the literature reviews, field reshaand performance analysis. The
chapter is divided into these major sections, greng the the components as
presented in Figure 2.2.

3.2 Introduction of the research design

Research design is defined as the “science (apdfaplanning procedures
for conducting studies so as to get most validifigs’” (Vogt, 2005:276). As such,
the research design for this research project gesva detailed action plan to direct

data collection and analysis.
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The literature review was targeted on two majoragsrepublic sector
procurement and MCDA methods. The literature revigesign is presented in
Section 3.3. In this study, firstly public sectoropurement constraints and
requirements, based on the literature, were gatherdis literature review is
presented in Chapter 4. The second area of thatlire review gathered families of
MCDA methods and its characteristics. Finally, pinecedures and characteristics of
specific MCDA methods from the applicable familie6 MCDA methods were
studied and are presented together with comparatiag/sis in Chapter 6.

The field research was targeted at public sectacatibn institutions, where
public bidding is done for procurement. For thedgt there were two major data
collection activities: focus groups and collectiohreal life procurement data sets
with evaluated results from the research contexte Tetails of this study are

provided in Section 3.4.

The real life procurement data sets collectedefdfresearch are used to do
guantitative comparative analysis of the suitableDA methods filtered through the
comparative analysis, based on the previous twidieguliterature review and field
research. The real life data were collected frbm game institutions where focus

groups were conducted. The details of this studypaovided in Section 3.5.

The research design is based on the developmaitiation and conclusion

model presented in Chapter 2 and illustrated inife@.2.

33 Literature review

The literature review was conducted in two majomponents of the first
phase of the research, as illustrated in Figure Ph2 first component was public
sector procurement, specifically identifying comsits and requirements of public
sector procurement in the Maldives context. Theg@dare and the rigid structure of

public sector procurement generally come from mullalivs and regulations.
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The second component of the literature review teuiaken in relation to the
MCDA methods. The requirements for the methods elmaracteristics of these
methods are gathered through a systematic literatewview for the purpose of
comparative analysis as described in the previdapter. The literature review
structure is presented in Figure 3.1, as follows.

Literature Review

Public Sector Procurement MCDA Methods
Public Sector Procurement] Plan Systematic Literature
Concepts Review
Public Sector Procurement] Conduct Systematic Literature
Characteristics Review
Maldivian Legal Requirements Document Review

Figure 3.1: Structure of literature review

As shown in Figure 3.1, the literature review hae tnajor components and
each component has a sequence of activities. Tératlire review of public sector
procurement involved a review of grey literature leigal and fiscal aspects of

procurement specifically focusing on the Maldivedblt Sector.

The literature review of MCDA methods is a systdaméiterature review
involving structured procedures as shown in Fig@r&. Further steps of the

structured approach are discussed in Section &rl2llustrated in Figure 3.2.

3.3.1 Public sector procurement

The initial literature review was performed on pabdector procurement,

identifying and choosing definitions for the pulgimcurement related terminologies
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for the research project. This process describedhasing, procurement, tendering,
tendering process, tender evaluation, e-procurearghpublic sector procurement.

The next stage discussed procurement objectiveshén public sector;
characteristics of public sector procurement; marfggrocurement in public sector;
guidelines for public sector procurement; and terelaluation criteria for public

sector procurement.

The final stage of the procurement related liteateview involved focusing
on the research context, the Maldivian public secidentifying government
guidelines for Maldivian public sector procuremgniblic tendering in the Maldives

and tender evaluation criteria set for the Maldiviublic sector.

3.3.1.1 First stage: Understanding public sector mcurement concepts

The first stage of the literature review was to ensthnd the general concept
of public sector procurement. This was achievedhwhe available academic
materials online and in the university library tady concepts and definitions of:

e purchasing,

e procurement,

» tendering,

» tendering process,

» tender evaluation,

e e-procurement and

e Public sector procurement.

This part of the literature review identified andsalissed concepts and
definitions of the terminologies for the context tfe research in general, and
specific to the study. This understanding providleel foundation of concepts for

carrying the research forward to the next stage.
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3.3.1.2 Second stage: Understanding public sectorggurement characteristics.

The second stage of the literature review was tterstand the characteristics
and constraints of public sector procurement. i the first stage, this literature
review was also executed via the available acadenaterials in the university
library and beyond to study:

* objectives of public sector procurement,

» characteristics of public sector procurement,

* mode of public sector procurement,

» guidelines for public sector procurement, and

» evaluation criteria for public sector procurement.

This part of the literature review provided the damental principles
involved in public sector procurement. This undanding helped the research to be
focused and to limit the boundary to accommodatasas models that cover the
basic principles. Along with the identified fundam principles of public sector
procurement, there are country specific regulatifmmspublic sector procurement.
The next stage studied the regulations speciftbeéaesearch context, the Maldivian

public sector.

3.3.1.3 Third stage: Understanding Maldivian publicsector procurement.

The third stage of the literature review was toersthnd the characteristics
and constraints of public sector procurement inMla¢dives, based on the regulatory
documents of public sector procurement in Maldivesplving the study of the
Maldivian constitution, its laws and regulationsofd specifically, public sector

procurement related legal documents are studiegly @re as follows:

» Constitution of Maldives
* Dhaulathuge Maaliyyathu Gaanoonu 20Bal§lic Finance Act 2006
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* Dhaulathuge Maaliyyathu Gaanoonunah 1 vana islagémaumuge
gaanoonu 2010Rublic Finance Act 1st Amendment Act 2010

e Dhaulathuge Maaliyyathuge Gavaaidhu 200%ulflic Finance
Regulation 2009

* Dhaulathuge Maaliyyathuge Gavaaidhah genevey fanagh islaahu
2009 First Amendment to Public Finance Regulation 2009

e Anti-Corruption Commission ge Gaanoonu 2008nt{-Corruption
Commission Act 2008

This part of the literature review provided the relederistics and constraints
of public sector procurement in relation to Maldivi regulations. The study
identified guidelines and criteria for public secfwocurement within the research

boundary.

To identify the appropriate decision-making moddéts public sector
procurement in Maldives, as described in the previchapter, the next major
component of literature review was to study MCDAthoels. The following section
describes the design of the systematic literatengew carried out for MCDA

methods.

3.3.2 MCDA Methods

The second major component of the literature revigas a systematic
literature review to identify characteristics of M& methods. In this literature
review more than 80 MCDA methods were found. Thexditure categorises MCDA
methods into groups, based on their characteri¢bagueira, Greco, et al., 2005;
Guitouni & Martel, 1998; Ho et al., 2010). Theredpat first, the MCDA methods
were identified and categorised into five groupsdoh on their characteristics
according to the literature. These categories are:

1. Elementary methods,
2. Single synthesizing criterion or utility theory,
3. Outranking methods,
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4. Fuzzy methods, and
5. Mixed methods.

Based on the characteristics of these categoriB CB)A methods, a criteria-
based evaluation, as described in the previoustehapas conducted against public
sector requirements gathered. This evaluation tesuin identifying applicable
group of MCDA methods. This MCDA group-based evabraprocess helped to
eliminate unsuitable groups of methods from furthiéerature review at the
individual method level. Individual MCDA methodsathbelonged to the resulting
filtered categories of methods were further studfed their procedures and

characteristics.

The following sections describe the systematicditere review.

3.3.2.1 Systematic literature review design

According to Brereton, Kitchenham, Budgen, Turerd Khalil (2007:572),
“systematic literature reviews are primarily comust with the problem of
aggregating empirical evidence which may have bagained using a variety of
techniques”. For this literature review, the aintasunderstand the procedures and
characteristics of the existing MCDA methods.

The literature explains that, to conduct a systeniaerature review, there
are some distinct activities (Brereton et al., 208édnes, McPherson, Annansingh,
Bashir, & Patterson, 2009). These activities areugrinto major three phases:
planning the review; conducting the review; anduwoenting the review (Brereton
et al., 2007). The activities for this systemaitierature review are grouped into three
major phases, as described by Brereton et al. [260yure 3.2 illustrates the overall

activities.
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Phase 1: Plan Review

1. Specify research question

2. Develop review protocol

v

Phase 2: Conduct Review

3. ldentify relevant research
A 4

4. Select primary studies
¥

5. Assess study quality
A 4

6. Extract required data

Y

7. Synthesise data

v

Phase 3: Document Review

8. Write review report
A 4

9. Validate report

Figure 3.2: Systematic literature review processetaon Brereton et al. (2007)

The activities and procedures for the three phabése systematic literature

review are described in the following sections.

3.3.2.2 Step 1: Specify research question

Based on the methodology of this research projectd@scribed in the
previous chapter, a primary activity is to do a panative analysis to match the
characteristics of public sector procurement witle tcharacteristics of MCDA

methods. For this criteria-based evaluation, urtdeding characteristics of MCDA
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methods are essential. So, the aim of this liteeatteview is to understand
characteristics of MCDA methods. Therefore, theaesh question at first was:

Question 1:  What are the characteristics of tleeifip MCDA methods?

After studying some well-known literature on MCDA ethods, the
researcher found a significant amount of MCDA mdthoategorised in to groups.
This finding led the researcher to change theraiHgased evaluation to be executed
at first group level then at individual method |evEherefore, the next initiative was
to understand the characteristics of the groupMGDA methods. Based on the

grouping as explained previously, the additionakegch questions were:

Question 2:  What are the characteristics of theeali weighting and
elementary methods?

Question 3:  What are the characteristics of thglsisynthesizing criterion
or utility theory methods?

Question 4:  What are the characteristics of theaoking methods?

Question 5:  What are the characteristics of tkeyumethods?

Question 6:  What are the characteristics of theechmethods?

Since then, the first initiative has become to us@ad group level
characteristics. After the first level of criteti@sed evaluation at the group level, the

filtered methods literature review was continuethwesearch question 1.

3.3.2.3 Step 2: Develop review protocol

The review protocol was to plan the details therditure review process. This
involved specification of the activities in the géeahead for the literature review. For
instance, specifying inclusion and exclusion cigtdor studies, assessment of the
literature for quality, and so on. These protocais explained for every activity

discussed below.
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3.3.2.4 Step 3: Identify relevant research

The search strategy was based on the approachsseddesy Brereton et al.
(2007):

* The individual elements of the research questitated to MCDA were
used as the main search terms.

» Potential main terms are assessed and taken frawrkstudies in the
same area.

» Similar terms for the main terms were identified.

* Search strings used Booleans to join main terms iaddide similar

terms.

Using these strategies, for instance, it becamaeavithat some authors refer
to MCDA as multi-criteria decision making (MCDM), Wti-objective decision
making (MODM) and multi-attribute decision makinyJADM). So, the search

strategy was to use these combinations.

Several electronic resources were searched throagrersity library. Primo
Central search utility offered by University libyawas used to search literature.
According to University of Sheffield Library (2014Primo Central covers 249
indexing resources as listed in Appendix V.

Based on the search strategy the general seaiioly stes created using

Booleans to join main terms and include similamz@s follows:

(characteristics OR feature OR strength OR weakr@Bs
advantage OR disadvantage) AND (MCDA OR "multieid

decision analysis" OR MCDM OR "multi-criteria ddois

making” OR MODM OR "multi-objective decision makihg
OR MADM OR "multi-attribute decision making") AND
Method
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The initial search resulted in 9,837 documents Wwhiccluded articles,
conference proceedings, reviews, books, dissenatod legal documents published
even before 1961 written in English and other fgmelanguages. Therefore, an
inclusion and exclusion strategy was used as faiow

* Include only articles.

* Use only peer reviewed papers.

* Use only English language publications.

e Exclude articles published before 1996

* Exclude papers published in natural science domég. biology,

chemistry, etc.).

With the inclusion and exclusion criteria, the skaresulted in 1,940
documents. However, there were still irrelevanicks listed in the search results,
such as ones which mentioned ‘features’, ‘MCDA’ ametthods’ in other contexts.
For this purpose and to select primary studies,aaual process of selection was

done as explained in Section 3.3.2.5.

The same search strategy explained above was wseskarch for the
characteristics of the individual MCDA methods diiéd through the group level
criteria-based evaluation. However, the searcmgtwas modified to include the
procedure, the name of the method in full, andcasrym. For instance, the search
string for TOPSIS (technique for order preferengesimilarity to an ideal solution)

would be as follows:

(procedure OR characteristics OR feature OR sther@R
weakness OR advantage OR disadvantage) AND (TOB&IS
"technique for order preference by similarity to afheal

solution™)
These searches brought up some of the papersdtdiden studied before.

However, relevant papers for the specific methodewsonsidered for the primary

studies, according to a selection process explam#te following section.
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3.3.2.5 Step 4: Select primary studies

A two stage process suggested by Brereton et @D7(2was used to select
primary studies. The two strategies are as follows:
» Study titles and abstracts of the papers listedheysearch and reject
irrelevant papers.
* Review full copies of the papers not rejected ia frevious step and

assess for relevance to research.

For instance, this process checked whether ther papeided characteristics,

procedures or features of the MCDA methods.

This process also prompted the researcher to s$odye specific papers
outside the inclusion protocol with regard to theedfic date. For instance, to
understand SMART (simple multi-attribute rating Heue) methods well, the
researcher needed to study papers by the origMARS methods developer, which
was written before 1996. Such specifically idertifipapers are included as primary
studies for the literature review, irrespectivetbé generic exclusion criteria for

better understating of the characteristics of tle¢hmds.

3.3.2.6 Step 5: Assess study quality

Study quality is not universally defined, but qtiais linked to minimising
bias and maximising external and internal validat{Brereton et al., 2007). The
selected primary studies are checked for theirityudtor the purpose, at the very
initial stage of inclusion and exclusion strategyticles were filtered for peer-
reviewed and published papers from journals. Thisation minimised bias and

maximised validation.

In addition to the filtration, papers were asses&@mdcompleteness. For

instance, a paper may claim that TOPSIS had awagap between the performance
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measures when normalized, and so would have toosufhe claim with verifiable
data used with TOPSIS.

3.3.2.7 Step 6: Extract required data

Data extraction was precisely focused on the rebequestion. Statements
made on the characteristics of the MCDA methodsewgathered. This included
studying the requirements, procedures, featuresngths, weaknesses, advantages

and disadvantages of MCDA methods.

In this process, for many cases, a similar charatiefrom multiples sources
emerged. However, instead of presenting the sanaeacteristic from multiple
sources, highly referenced papers from better ngnjaurnals among the group were

chosen.

3.3.2.8 Step 7: Synthesise data

The data synthesis must be suitable for answergg review question
(Brereton et al., 2007). The objective of this iegw was to understand the
characteristics of the MCDA methods. Thereforedata synthesis should be able to

cater to fulfil the need.

The extracted data was organised in a logical nranRker instance,
procedures of a method were organised to stepdpymibcess. The characteristics
are structured in a way that presents the featpresedures, strengths, advantages,
weaknesses and disadvantages of the specific me8wdhat it would help to

present discussion of the review report.
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3.3.2.9 Step 8: Write review report

This activity documents the systematic literatusyview. This includes
documenting the procedures for the review and e¢ksalting answers for the review

questions (Brereton et al., 2007).

The systematic literature review design preseng¥d Is the first component
of the documentation. The second component is esriis the MCDA methods
discussion chapter in this thesis. The review remopresented, together with the
criteria-based evaluation. This was done to makesthdy compact and easy for the
readers.

In addition to the thesis chapter, two conferenepeps and two journal
articles were written incorporating the resultslod literature review. However, the
conferences and journals had page limits, makimfifficult to fit in every detail of
the literature review. Therefore, the publicatiopesented a summary of the

reviews.

3.3.2.10 Step 9: Validate report

Brereton et al. (2007) suggested that a systerigiature review should be
independently reviewed. This study was reviewed thy two supervisors and
internal examiner at upgrade stage. In additiony fpeer-reviewed papers were
published based on the literature review.

34 Field research

The field research was conducted in the capitallaldives, Male’. Public
sector schools under MoE were the target instistior the research. There are 213

government schools under MoE (MoE, 2012). Accordmgn email communication
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with a director of MoE, only 19 schools may carut their own procurements, while
MoE procures for the rest. MoE allows certain precwtents to be handled by those

19 schools.

MoE and the schools which undertake their own pment through public
tendering are required to have a BEC by regulationevaluate the procurement
proposals. BECs evaluate public tendering procergs that cost more than

MVR25,000, and are announced publicly for proposals

The focus groups were conducted with the BECs ef éducation sector
institutions. Existing procurement evaluation dats also collected from the same
group of institutions. This data was collected @me in the performance analysis

phase discussed in Section 3.6.

3.4.1 Obtaining access

Obtaining access to the study site has been coeside be one of the crucial
issues which determine the final success of theareh project (Saunders et al.,
2009). Gaining access to participants varies fraudysto study, however, the use of
‘gatekeepers’ to obtain access to potential pgsitis is important in many research
studies (King & Horrocks, 2010). For this reseapbject, initial communication
was made with a Director of MoE, Maldives, througmail, after which the
researcher went to the Maldives and had varioudingsewith the Director of MoE
and School Principals to arrange focus groups ancbllect previously evaluated

procurement data.

As King and Horrocks (2010) state, the main chaiéemay be that finding
the participants with the kind of experience tlint tesearcher is interested in is very
difficult. Similarly, for this research, there werenly a limited numbers of
participants who made procurement decisions. EdER Bad five members and

procurement evaluation can be done with a miniméithree members.
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During the meetings with the Director of MoE andh&al Principals, the
research information was provided and the pre-pegpbanformation sheet, and a
sample consent form were provided, for addition&rmation. After the meetings
the Director of MoE and Principals contacted theCBEof the institutions and
arranged the date and time for the focus groupkedt convenience. However, for
one of the schools, the Principal was unable thegahinimum requested number of
participants, even after several attempts, duemdeld number of members in the

BEC. Therefore, another school of similar natures waed to conduct the focus

group.

3.4.2 Translation

Based on the Director of MoE and Principals manyCB&embers preferred
their local language, Dhivehi, to be used in theufo groups and there is also
possibility that some of the participants may navé the ability to understand and
speak in English. Similarly, when the researchead mformal discussions with
some of the individual BEC members, they said they preferred to use Dhivehi in
the focus groups. Therefore, the focus groupstbdske conducted in Dhivehi. In
addition, Marshall and While (1994) also suggedtet, in order to maintain the
reliability and validity of the data, it is more@ppriate to use the native language of

participants.

The focus group questions were originally developenglish and the focus
group results needed to be reported in Englishs Treated a potential risk, due to
two translation processes that took place: firdthg translation of the focus group
questions from English into Dhivehi; secondly, thenslation required to report the
theoretical narrative of the data collected andysea in Dhivehi.

The focus group questions were designed in Enghdimlly instead of
Dhivehi, because the questions were based on tdratlire review, which mostly
involved English language sources, and used telogres from the literature as
proposed by Strauss and Corbin (1990). In additibeng and Nunes (2008)
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proposed discussing and validating the design @fqtlestions with colleagues and
advisors. Therefore, as this research project isamn English university and
colleagues and advisors use English languageniti@ idesign of the questions was

developed in English.

This translation risk was mitigated, as the nakareyuage of the researcher is
Dhivehi and he is fluent in both English and Dhiveklowever, for further
refinement, the translated questions were givernwio lecturers from the home
institution of the researcher in Maldives to verifye translation. This exercise
removed potential ambiguities and errors in the vBhi language translation.
Finally, the focus group questions pilot testechwivo School Principals who were
BEC members. Based on the feedback, further casrecivere made to the focus

group questions.

As mentioned before, the data need to be colleateldanalysed in Dhivehi,
but the results of the analysis needed to be pteden English. There were mainly
two reasons to adopt this approach. Firstly, tetimgl the large amounts of focus
group discussion material from Dhivehi to Englisbuld be difficult because, as
some researchers have stated, there can be adiffeterpretation of narratives and
also unavailability of the similar words from orenfguage to other (Carlson, 2000;
Twinn, 1997, 2000). Therefore, using the originahduage would effectively
minimise the probability of mistakes in translatiomisinterpretations and
inaccuracies, in turn strengthening the reliabibtyd validity of the data and the

credibility of the findings.

Secondly, this approach maintains the dynamic aatliral connections
between data collection and analysis, which arallgepractised simultaneously
(Esposito, 2001). The relationship between data amalysis could break if the
translation is made early, before analysis causmgjnterpretation. According to
Carlson (2000), supported by Peng and Nunes (200@&yal word-by-word
translation can often result in awkward sentencacsire and incomprehensible
meanings in the target language version. Such a@sesause incorrect coding of

data and result in misinterpretations of analy$ms.addition, it may lead the
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researcher to overlook the nuances and deeper nysaoi data (Marshall & While,
1994), which are important to the analysis andrpregation of the results.

3.4.3 Data collection

Focus group interviews were used as one of the rmdgda collection
activities, according to the research design, asudsed in Chapter 2. Based on the
understandings and set-up arranged by the DiraftdloE and Principals of the
selected schools the researcher conducted the fpoup interviews on dates agreed
by the institutions. The data collection processxplained in the following sections.

3.4.3.1 Sample size and sampling strategy

Barbour and Kitzinger (1999) state that focus gretyglies range from three
or four groups to more than fifty. “The appropriatember of focus groups will
depend on the research question, the range of @empi wish to include and, of

course, time and resource limitations” (Barbour &zkKger, 1999:7).

Barbour and Kitzinger (1999) believe that statati@presentativeness is not
necessary for most focus group research projeasud- groups use structured
sample rather than random sample based on thercbsgaestion (Barbour &
Kitzinger, 1999; Morgan, 1997).

MoE represents 213 schools, for which most procerdmare handled by
their procurement department. However, as mentigmediously, depending on the
procurement, MoE decides to have procurement psedeat 19 different schools.
So, there are 20 distinct BECs for 213 schoolsMoH.

During the initial meeting, the Director of MoE dahat the procedures and
expectations of evaluation of procurement are #mesthroughout all public sector
institutions and it would not be necessary to hiénefocus group discussions with
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other schools if it was conducted with BEC of MadHowever, the researcher
requested to have at least three focus groupsee tfistinct institutions to verify and
enrich the data. Therefore, the focus groups wenelucted with BECs from MoE, a
secondary school and a primary school to covemthgr spectrum of institutions
under MoE. It covered BEC members who make procergndecisions for 196
schools out of 213 schools, covering 92.02 peroénhe schools under MoE, and

the procurement decisions of the MoE itself.

3.4.3.2 Group size and composition

The didactic nature of existing guides for focusugrs providing advice on
group size can badly impact on good applicatiorfoolus group methods. Many
focus group method contributors prefer five, or six even as few as three

participants in a group (Barbour & Kitzinger, 1999)

Since the main advantage of focus groups is grouerdction, careful
consideration of the focus groups’ composition,hsas people with shared interest,
helps to facilitate it (LIloyd-Evans, 2006). In atioln, Barbour and Kitzinger (1999)
state that many researchers prefer to work withegisting groups who are already
working together and having the shared experiersc@sore productive. Therefore,
the focus groups were conducted with members oks#me BEC together without

mixing BEC members from more than one institution.

The participants of the focus groups in the redeaamntext involved the
senior officials of the MoE and other governmerstitations represented as BEC.
Since the participants were the senior officiald asery BEC had a limited number
of representatives, the target was to have themaxi number of BEC members in

each focus group, with the least possible numbé&rafs groups.
Procurement evaluation requires a minimum of tB&C members to be
present for evaluation. In consideration of thieg size of the focus group was set at

a minimum of three members and a maximum of thelevBEC of the specific
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institution. In addition, as mentioned before, BEC had a limited number of
members and they were senior staff, having multipgponsibilities other than their
BEC function, so it is not practical to get evergmber of the BEC into the focus
group. As a result the size was set to a minimuraettand a maximum of all BEC

members of the target focus group.

3.4.3.3 Recruitment and research setting

As there are no defined rules for the recruitmdribous groups participants
(Lloyd-Evans, 2006), the recruitment initially ifnved a meeting with a director of
the MoE, followed by formal meetings arranged witieads of the chosen
institutions, to arrange focus group meetings hih BECs of the institutions. The
institutions allocated meeting times based on ttaalability of at least the minimum
requested number of BEC members.

The sessions were held in meeting rooms of thatutisns where focus
groups were conducted making it easier for theigpants to attend. As suggested
by Barbour and Kitzinger (1999) it is importantgoovide a suitable room, so the
meeting rooms of the institutions were chosenhay wvere quiet and comfortable,

free from interruptions.

3.4.3.4 Recording and transcribing

Focus group recording ranges from the most basiel lef note-taking to
audio and video recording. Some researchers recachwideo recording because it
can provide additional information, but it can alse difficult to handle and may
provide a misleading illusion of comprehensiven@ssbour & Kitzinger, 1999).

This research used video recording as it helpeeasily identify individual
speakers and so simplifies the transcription pmacésalso helped to retain the

sequence of the conversation in transcription. Eogroup transcription can be
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difficult because of sudden leaps and interruptitays participants (Barbour &
Kitzinger, 1999), so video recording is a good ckosince it can help the researcher

to overcome such difficulties.

These focus groups were also to discuss some tethnformation and a
video recording can help to recap the verbal and-vesbal explanations made

during the conversation.

3.4.3.5 Question design

The focus group questions were designed in advandecorrections were
made, as mentioned in Section 3.4.2. It involveskiades of open-ended questions,

constructed so as to generate meaningful dathéoreisearch.

The questions were designed together with triggerstions to get better
responses and to indicate to the focus group pazatits the expected level of
response. All the questions were written in Engéistwell as in Dhivehi, as shown in
Figure 3.3. The questions written in English wece help the researcher to
understand the original intention of the questiod the Dhivehi translation was used

for the participants.

2. Could you please explain how you evaluate bids?

CPar-rs-rac €22 exsar > ok2c e @ 2 2er
CPSSF AP PSP PIFAXY PASIA L@ mEFEns 2
> - . -

} Main question

Trigger Question:
What methed do you use to evaluate?

GPocsc 8x ,0-383c Os0s 30L3c
SRA LSS MY MPARLINE MPARLBASDA
£ -

} Trigger question

\

> Blank space

/

Figure 3.3: Example of focus group question design
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Finally, the design has an empty space after ewmain question, used to
make quick notes of emerging issues, new thougltgntial probing for additional

explanations, etc.

The questions slightly evolved with the processdata collection and
analysis from one group to other. The initial venswith the required documents
underwent an ethical review process in the Inforomagchool of the University of

Sheffield, and was approved as discussed in Se8tin

3.4.4 Data analysis

Analysing focus group data has the same proceasyasther qualitative data
analysis. However, group context is referenced rbymalysis of groups rather than
individuals, and keeping the balance between theeqats provided by the group and
individual ideas within it (Barbour & Kitzinger, 99).

The analysis involves comparing discussion of sintthemes and examining
how these vary between groups (Barbour & Kitzing®99; Lloyd-Evans, 2006) and
between individuals (Barbour & Kitzinger, 1999).

Krueger (1998) states that focus group analysisomaplex, as it occurs at
several levels. For one question, two members nmayer using different words
which have the same meaning. Sometimes respondeyschange their positions
later in the discussion. The analysis of focus gsois like detective work (Krueger,
1998).

For the focus group data, thematic analysis is ugggroposed by King and
Horrocks (2010). The steps of the thematic ansliysiolved are:

* Transcribing data,

» Descriptive coding,

* Interpretive coding,

* Naming themes,
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*  Writing the report.

The following sections describe the detailed prea&sthe thematic analysis

conducted for the focus group.

3.4.4.1 Transcribing

All focus groups were conducted in Dhivehi and $@aibed in the same
language. However, all the coding was done in iBhglThe transcripts included
gestural information (e.g. “left member nods in @p@al” or “centre member looks
surprised and doubtful”). This information was kap part of the quotation, in order
to illustrate the discussion, but the object ofingdwvas the verbal information. For
the purpose of formulating the narrative that fortims proposed inductive theory,

important and supporting quotations were translatedEnglish.

3.4.4.2 Coding and naming themes

The transcripts were coded, in a three tier approstarting with descriptive
coding, followed by interpretive coding and finatlgfining overarching themes.

Descriptive coding was done by going through théirendata set by
identifying data relevant to each code. A new cads created if a new concept was

identified in the data set.

Descriptive codes were analysed and grouped to foterpretive codes.

These interpretive codes were further grouped nelated themes.
A code definition list was created, showing thecdigsive codes and their

definitions. The code definition list also showederpretive codes and themes for

the descriptive codes, as shown in Table 3.1.
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Table 3.1: A section of the code definition list

Interpretive

Themes Descriptive Codes | Definition

Codes
Bidding Pre-bid Announcement of | Informing the public through public
process meeting pre-bid meeting announcement for pre-bid meeting and

bidding when public procurement is
necessary.

Compulsory pre-

Obligatory requirement to have an

bid meeting information session for bidders before
bidding.
Provision of Requirement to provide specific details of

specification

the required procurement to the bidders
before bidding.

Provision of
marking criteria

Requirement to provide evaluation
criteria of the required procurement to
the bidders before bidding.

Recoding of pre-
bid attendants

Recording of the attendees of the pre-bid
information session.

The code definition list attached in Appendix IHopides all the descriptive

codes, with definitions, along with interpretivedes and themes.

This code definition list helped the researcheclearly present the meaning
of each descriptive code and know where it shoeldobated. As such, when a new
code is emerged from the data, it was compareldeg@addes in the list to check if it
could be merged with any of the existing coded aot, a new entry is added to the
list.

The interpretive codes and themes are validatezligiir multiple assessors.
As such, the analysis was rechecked and assess#tk dwo supervisors of this
research project and amendments are done basbd aagessment.

As shown in Figure 3.4, coding of the first focusoup provided 57
descriptive codes and all (10) interpretive codebthemes. The second focus group
analysis revealed three additional descriptive sod@nally, no new descriptive
codes emerged in the third focus group. Theretbese results are in line with what
the MoE stated in the preliminary meetings: thatiratitutions follow the same

procedures and have the same expectations forngroent evaluation.
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Figure 3.4: Emergence of new codes

3.4.4.3 Writing the report

The analysis report is presented in Chapter 5,igmay an analytic narrative
of the data, codes and themes in relation to theareh question. In addition to the
explanation, sample extracts from the data areigedvin the report as evidence to

support the findings.

To help to write the report with evidence from theta, a quotation list was
created and used to record selected quotationsaitirt descriptive code in the code

definition list. A section of the quotation list $hown in Table 3.2.

Appendix IV provides the translated quotation lised. If a new quotation is
identified based on a particular descriptive cdde,new quotation is compared with
the existing quotations in the list attributed te tparticular code to check if it
provided a similar meaning. If the quotation predda different meaning than that
of the list, then a new code was applied to thaajiom.
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Table 3.2: A section of the quotation list

Interpretive | Descriptive
Codes Codes

Bidding Pre-bid Compulsory pre- | "It is an obligation to have a pre-bid meeting
Process meeting bid meeting if the value is more than MVR25000" ML2

Themes Quotations

"Yes, if we announce for bids, we have to
have the information session" DL1 & DL2

"A pre-bid meeting is compulsory. That is the
time information is provided. Otherwise it is
missed."IL3

Provision of "an information sheet is provided during the
specification [pre-bid] meeting" ML2

"When information is provided, the
information sheet will have criteria and
specific details of the work to be done" DL1
"The information is provided in writing" DL2.
"Both verbal and written" DL3. "Explained
verbally and given in writing" DL1

The quotation list also provided the indicator feaich quotation which
specified the focus group and the member of thasaroup. For instance, ML2 in
first quotation illustrated in Table 3.2 represetite focus group ‘M’ and the
participant ‘L2’. This identification helped in dgais to locate the data and analyse

individual differences of opinion in the group cexit for the same topic.

King and Horrocks (2010), stated that it is easdeunderstand the levels of
coding and how they are related to each other abgmted diagrammatically. As

such, Figure 3.5 shows the three-layered concepehior the study.

This model supported the data analysis, enabliegrélsearcher to visualise
the interrelationships between the descriptive spdeterpretive codes and the
themes. This in turn helped in comparative analipgtween components within the

same layer, and within other layers as well.
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Requirements
and constraints
of public sector
procurement

Bidding
Process

Evaluation
Process

Preparation
Process

1 Legal Boundaries| — Pre-bid Meeting Evaluation
Analysis
- Maximum tender - Announcement of pre-bid - L
. ; - Required minimum members
- Minimum tender meeting - .
; ) - Basis for evaluation
- Cost band - Compulsory pre-bid meeting e .
) - e - Verification of suppliers' proposal
- Bid announcement - Provision of specification . — . .
o s ) L - Evaluation of suppliers’ previous jobs
criteria - Provision of marking criteria .
) ) - Evaluation of support documents
- Recording of pre-bid attendants )
. - . - Importance of acceptable price
] : o - Provision of on spot information - Evaluation of suppliers' performance
Evaluation Criterig - Specialised information supp P
: . - Marks allocation
- Explanation of calculations ) .
- Price - Use of technical expertise
- Duration of delivery — - Check for standard speci_fication
- Experience | AddItIOn.a| - Evaluate every crllterlon independently
- Financial capacity Information - Evaluatg all criteria
- Quality - Request to submit all - No ranking )
- Technical capacity documents - No pair-wise comparison .
- After sales services - Information through e-mail - go chell.r;ges tgdcnterla and requirements
- Warrantee - Information through phone - Disqualitying bids )
- Human capacity - Showing calculations to bidders
- Other criteria
- Criteria establishment Bid Submission .
- Allocation of criteria ] Avarding
and weights | - Verification of bid submission

- Requires approval
- Confirmation and reason for
| selection

- Informing bidders

Use of other

Expected Method MCDA Methods

- No discrimination - Lack of knowledge of — Bidders' Complaints

- Accurate method other MCDA methods

- Reasonable - Clarification to bidders

- Comply with regulation - Complaints to authorities
- No chance of manipulation - Misconceptions of bidders

- Minimise complaints
- Support utility concept
- Clear and good understanding

Figure 3.5: Three-layered concept model

The analysis is structured based on the concepéhilagstrated in Figure 3.5

and presented in Chapter 5.
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35 Criteria-based evaluation

The second phase of the research as explainec iméthodology chapter,
Section 2.4.3.3 and illustrated in Figure 2.2 igeda-based evaluation.  This
analysis is a comparative analysis of the suggesitednatives with the results of
analysed field research and literature review. &ime of the analysis is to identify
the MCDA methods that are compatible with publictserequirements.

This analysis studied the characteristics of MCDétlmds against the public
sector constraints and requirements gathered thréhe literature review and field

research.

The results of the criteria-based evaluations dseudsed together with
MCDA methods in Chapter 6.

3.6 Performance analysis

The third phase of the research, as explainedeinméthodology chapter and
illustrated in Figure 2.2, is the performance asalyf the filtered individual MCDA
methods by the quantitative comparative analydiss performance analysis aims to
differentiate the identified suitable MCDA methodmssed on their performances,
and to select the most suitable MCDA method for haldivian context. The
performance was measured using the real life pemsent data collected from the

Maldivian public education sector.

3.6.1 Data collection

Data collection was executed during the field regeaon the public
education sector institutions where focus groupseweonducted, as described
previously in Section 3.4 and Section 3.4.1. Theeefobtaining access and other

necessary communications were completed as exglamiously.
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The past real life procurement data sets wereecaddl from three
institutions: MoE, a primary school and a secondsekiool. This data included
public announcements for procurement, pre-bid mgetcords, pre-bid information
sheets, bid submission sheets, suppliers’ proposads evaluation sheets with
allocated marks identifying the selection. Only amstitution provided the suppliers
proposals. The quantitative analysis requires tmdyallocated marks for the criteria
to feed the MCDA methods under evaluation. Howevee, additional data was
collected to familiarise the researcher with thategt and holistic understanding of

the procurement decision-making process.

Thirteen data sets were collected from the thregtutions. Five of them are
responses for five distinct bids from a single amuement for a single institution,
having same selection criteria. These five data @&t evaluated independent of each
other, as well as collectively, as one data sethkyinstitution. For the performance
analysis, the data sets were considered the sam#oas carried out by the

institution.

3.6.2 Data processing

The data sets were implemented with the individd@DA methods under
evaluation. Each data set was given a unique ftEmtoy the researcher for
anonymising the real procurement names for etlpegdoses. Suppliers’ names were
also replaced with Al, A2... & wheren is the maximum number of supplid
each set of data, to represent alternatives. Howdlve data remained unchanged.
No transformation factor and no normalisation wagwliad to data before

implementing the methods.

At first all 13 data sets were recorded on a sywieeet. Then the weighted
sum was applied, as by the institutions. Up te guint in the process it represented
the original data with original results as prepaogdhe institutions. Along with the

original results, a new set of results was gendrateapplying TOPSIS, one of the
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selected methods. The formulae and steps for TOR&Spresented in Section
5.3.2.1. Each step of TOPSIS was calculated ussgeadsheet and documented. A
sample of the calculated spreadsheet is showngar&i3.6, and a summary of the

documented data are presented in Chapter 7.
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Figure 3.6: Spreadsheet sample for TOPSIS

Similarly, additional calculations were done withOBRAS (COmplex
PRoportional ASsessment), another selected methooh fsecond phase. This
process also used the original data and applieshuiae and steps required for
COPRAS, as presented in Section 5.3.2.8. It alsoded and documented the results
of all the steps of COPRAS.

Based on the calculations and results of TOPSISCADERAS, as well as the
results of the institutions, three different anak/svere made. They are variance
analysis, congruency analysis and stability analyBhe aim of these analyses is to
compare the results of the MCDA methods. The desifrthe analysis are discussed

in the following sections.
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3.6.3 Congruencel/incongruence analysis

For this analysis Spearman’s rank correlation cciefits are calculated, as

explained in Section 2.3.4.1.

If x; andy; denote the ranks of two different MCDA methods the same

alternativej, then Spearman’s rank correlation coefficiens calculated as follows
(Antucheviciene et al., 2012):

T _
r= 1—m ,Whered]- =X — Y-

Spearman’s rank correlation coefficients are cakea for the ranks resulted
from every pair of MCDA methods (TOPSIS, COPRAS #veighted Sum).

The calculated rank correlation coefficients arespnted and discussed in
Chapter 7.

3.5.4 Variance analysis

Variance measures illustrate how much data poirgsspread. The results
provided by the weighted sum, TOPSIS and COPRASewsered to find the
variances of the three independent results fronséinee data sets.

For this analysis the variance is calculated usegollowing formula (Field,
2005):

)2
Variance =Z&%°

, Wherex is the mean and is the ranking for the

alternative till the last alternativé\.

The results of the variances are presented andsiied in Chapter 7.
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3.6.5 Stability analysis

Stability analysis or robustness of results of MCBwthods idased on the
sensitivity of the methods to changes in data anteims of variances of ranking
alternatives. For the stability analysis of thiesied MCDA methods, the approach
used by Podvezko (2011) was applied. Podvezko (2@tknged two data
parameters each by a value of 5 for a single seataf to show changes in the results
by the MCDA methods used.

For this research, the applied data sets for sgleBtCDA methods were
changed to evaluate the changes in the resultseoMiCDA methods. For each test
of the stability analysis, two parameters were egitincreased or decreased by a
value between 1 and 20 for every MCDA method ureleduation. The choice of
this range of numbers is arbitrary. Even with tmsited set of values, all possible
permutations of changes in data are not practmaltkis research. However, the

study focused to apply the minimum possible vathas could change the outcome.

The resulting stability analysis for the selecte@IVA methods are presented

and discussed in Chapter 7.

3.7 MCDA Evaluation

The fourth phase of the research, as explainethanntethodology chapter
and illustrated in Figure 2.2, is MCDA evaluatioAs discussed in research
methodology, MCDA is performed to identify the hégh ranking method from the
public sector compliant methods identified by thdateda-based evaluation.
Therefore, in this research project, the two methadentified, TOPSIS and
COPRAS are evaluated on the performances of therraaplyses discussed above,

in order to calculate the highest ranking method.
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As explained with the rationale in previous chap&sction 2.3.4.2, the two
methods (TOPSIS and COPRAS) are evaluated by TORRISCOPRAS and by
WS using the performance measures from the prewamagyses, namely criteria-
based evaluation, congruence/incongruence anaklgignce analysis and stability
analysis, as the criteria for evaluation. Equaifgrence weights were allocated for
every criterion. The following four criteria areteach with a 25% weighting:

1. Adherence to requirements:This criterion is based on the results of the
criteria-based evaluation done. If the method masis®ugh the criteria-
based evaluation as an applicable method, the stiglegformance score
is given. In this case, the two methods passedugifirahe evaluation.
Therefore, both methods are allocated the highesbimance score for
this criterion.

2. Average correlation coefficients: This criterion is based on the
congruencel/incongruence analysis. The average laiore coefficient
score for the 13 samples are calculated and theevisl used as the
performance score for the methods.

3. Average variance: This criterion is based on the variance analyBe
average variances for the 13 samples are calcuetgdhe value is used
as the performance score for the methods.

4. Average threshold: This criterion is based on the stability analy3ise
average threshold values for the tested casesatmelated and the value

is used as the performance score for the methods.

These evaluations and results are discussed int€&hap

3.8 Research ethics

This research project was approved through Unityeddi Sheffield’s ethical
procedure (letter of ethical approval is attached Appendix VI). The
implementation of the research was monitored by Itiermation School of the
University of Sheffield.
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In additional to the ethical approval from the wesity to conduct the focus
groups, meetings were held with MoE of the Maldiegplaining the procedure with
information sheets (attached in Appendix I). In tiext stage the researcher met with
the institutions to arrange focus groups with tHeCB, in which information about
the research and the information sheets (Appendiete again provided. Based on
a date and time agreed by the institutions, theidogroups are conducted in the
institutions’ premises. Before the start of theu®groups, the members are informed
about the research and focus group as in informath@et verbally and written form
(Appendix 1). In addition, a consent form was filland signed by every attendant

and moderator (attached in Appendix II).

The focus group questions were carefully desigredonly for the purpose
of collecting research data, but also with thentite of protecting the privacy of the
participants. For instance, consideration was givento form any question which

might be culturally, politically or religiously settive.

The focus group interviews were immediately trama. Particular
importance was given to anonymising the participantthe transcript, so that the
information could not be traced back to any paldicparticipant. The focus group
recordings and transcripts were kept securely ssward encrypted and protected
computer system. The printed copies of transcumee securely locked and were

used only for this research purpose.

3.9 Conclusion

This chapter has discussed the details of the m&seactivities for this
research project, including of data collectionadatalysis and the ethical procedures

of the research.

The first phase of the research involved majorehmesearch activities. At

first a literature review of public sector procuesm mainly focused on the
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Maldivian context. Secondly, a systematic literattgview of MCDA methods was
conducted to understand the characteristics of MGD&thod for the purpose of
criteria-based evaluation to select applicable wathfor public sector procurement
in Maldives. Thirdly, in the first phase the resdminvolved three focus group
interviews with a minimum of three BEC members eaohthree distinct public
sector education institutions. The focus groupsewsnducted and transcribed in
Dhivehi. Data analysis was done using thematic yasimal During the analysis
process, descriptive codes, interpretive codestla@maes were developed, based on

the data. All the analysis was systematically rdedrand presented.

The second phase of the research was criteria-bassddation on MCDA
methods, carried out under the constraints andactenstics of public sector
procurement gathered through literature review é&wels groups. The MCDA
methods that meet public sector procurement canttrand requirements are further

analysed in third phase of research.

The third phase of the research was performandgsssan MCDA methods
that are resulted from criteria-based evaluatidme®& sets of quantitative analysis
were done on the MCDA methods with 13 collected liéa procurement data sets
from public sector education institutions. These algses involve

congruence/incongruence analysis, variance anabysisstability analysis.

The fourth phase of the research was the applicadio MCDA on the
selected methods using the results of the prevamalyses as the performance
measures for the evaluation criteria. The methadeatly being practiced in the
research context and the filtered methods wereiehpin order to identify the
rankings.

Finally, the chapter discussed the ethical proesiursed to conduct the
research. The research was approved by the UrtiversSheffield and conducted
according to the university’'s ethical guideline.

Overall, the procedure for the research was predemt this chapter. The

next chapter discusses the literature review ofipslector procurement.
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CHAPTER 4

PUBLIC SECTOR PROCUREMENT

4.1 Overview

As the research focus is on e-procurement DSS umsirg-criteria decision
analysis in the public sector, the literature revigf the research covers two major
areas of the research project, as discussed inopeechapter: procurement and
multi-criteria decision analysis. Therefore thispter is focused on the literature on
procurement and its related literature highlightitng fundamental literature on
definitions; objectives; methods; guidelines; amel ¢tharacteristics of procurement in
public sector in general, and more specificallypublic sector procurement in the

Maldives.
At first the chapter provides a general introductaf procurement, then a

specific investigation of public sector procuremestd finally the last section is

based on public sector procurement in the Maldives.

71



4.2 Introduction to procurement

“The function of purchasing is almost as old astistory of man” (England,
1967:3). It happened since when man bartered onasobelongings for another
property of a man. Purchasing has been an impoftaction for everyone’s life.
(England, 1967). Every organisation buys matena services from suppliers and

uses these in their operations (Monczka et al.0R01

The purchasing function has evolved (Leenders &dteal997; Monczka et
al., 2010) and purchasing terminologies like pusaing procurement, supply,
supply-chain, materiel, materials management, sogir@and logistics are all used as
similar terms (Leenders & Fearon, 1997; Leendarisngdon, Flynn, & Fearon, 2006;
Weele, 2000). There is no agreement on the defmitf any of them (Leenders &
Fearon, 1997; Weele, 2000) and all the definitimispurchasing are open to
criticism (Lysons & Gillingham, 2003). However, hats have given definitions for
these different terms. | will try to explore somé the definitions of the terms
purchasing, procurement, e-procurement or elearpracurement, and tendering in

the following sections.

4.2.1 Purchasing

As we all know, in general, buying means going 8hap and getting an item
we want by giving money (Monczka et al., 2010). rdhasing is more precise as
defined by (Monczka et al., 2010) and also by (ldegs & Fearon, 1997) as follows:

“Purchasing is responsible for acquiring all thetenials needed by an
organisation. It consists of related activitiest thaganise flow of goods,
services and other materials from suppliers into caganisation.”

(Monczka, et al., 2010:10)

“Purchasing describes the process of buying: legrrof the need,

locating and selecting a supplier, negotiating goramd other pertinent
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terms, and following up to ensure delivery.” (Leersd & Fearon,
1997:6)

Both these definitions state the issue of gettingtemials and its related
activities till it is received by the organisatisdyggesting a systematic approach to
source required materials or services to the osgdion.

A wider definition covering the supply of capabdd and knowledge, in

addition to goods and services, is provided by W¢2010), and it is as follows:

“The management of company’s external resourcesc¢h a way that the
supply of all goods, services, capabilities, andvedge which are
necessary for running, maintaining and managingtmepany’s primary
and support activities is secured under the mogiui@able conditions.”
(Weele, 2010:8)

Lysons and Gillingham (2003) provided a simplerid&bn for purchasing,
in line with procurement, stating that it “impli@squisition of goods or services in

return for a monetary or equivalent payment.” (Lysé& Gillingham, 2003:5)

Since all the definitions listed above indicate ystematic approach to
acquiring required materials or services, all thdsénitions are applicable to the
research purpose. However, for this research grofecdefinition by Lysons and
Gillingham (2003) is chosen because it is simplé @overs acquisition of goods or

services in return for payment.
When the purchasing function grew, different terohagies began to be used,

often interchangeably (Weele, 2000). The term comlynased in the next level is

procurement, the definition of which is discussedtn
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4.2.2 Procurement

For this research purpose the term procuremergad because the research
context, the Maldivian public sector, uses the tdtns also a more precise term and,
as such, often job titles of the purchasing depamtmcome with the word

procurement like ‘procurement manager’ (Lysons &8liGgham, 2003).

However there are variations in the definitionsvied by different authors.
Some people believe that purchasing expressedugalg and procurement has a
broader meaning (Monczka et al., 2010). Monczkale{2010) and Leenders and

Fearon (1997) provide the following definitionspsbcurement:

“Procurement has a broader meaning which includésreht types of

acquisition (leasing, rental, contracting, etc.)wasdl as the associated
work of identifying and selecting suppliers, negbtig, agreeing term,
expediting, monitoring supplier performance, analyrders, material

administration, developing purchasing system andrsb (Monczka et

al., 2010:11)

“Procurement is a somewhat broader term and iuded purchasing,
stores, traffic, receiving, incoming inspectiondasalvage.” (Leenders
& Fearon, 1997:6)

Based on above two definitions, procurement is aeader term than
purchasing and purchasing is a subset of procuremenalso indicates that
procurement is more structured and contains cligicasponsible functions. Lysons
and Gillingham (2003), provided an even wider d&bn, covering the process of
getting materials or services even by force, devd:

“Procurement, however, is the process of obtaigiogds or services in

anyway including borrowing, leasing and even fome pillage.”
(Lysons & Gillingham, 2003:5)
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However the research focuses on the procuremengioles, based on the
analysis of the data for evaluation criteria reedithough tendering from suppliers
which is a voluntary process. Therefore, the didiniof procurement provided by
Lysons and Gillingham (2003) is not applicablehistresearch context if the choice

Is not made through analysing data using evaluatiberia.

The definition of procurement provided by Monczkaaé (2010) is more
appropriate for this research context as it indisahe processes of acquisition of
goods and services, as well as types of acquisiioch as rental. The processes of
acquisition in definition of Monczka et al. (20li@dicate the selection of suppliers,
which is the core interest of the research areavever, it is not specifically covered
in the definition of procurement provided by Leersdand Fearon (1997). Therefore,
the definition of procurement provided by Monczkak (2010) is more suitable in
this research context and it is considered forrésgarch.

Based on the research context, the procuremensideds taken based on
data received through tenders from suppliers. Tiemgl&self is a separate process of
procurement. Supplier selection is a later protess tendering because the outcome
of the tendering process will be used for evaluatid the suppliers for selection.
Tendering is not the focus of this research. Howewédas direct relationship with

supplier selection. Therefore, the next sectiorlarp tendering.

4.2.3 Tendering

One of the important processes of procurement idotk for potential
suppliers (Leenders et al., 2006). Tendering is ohéhe common procedures to
search for suppliers (Weele, 2010), especiallyhigh price products and services.
Tendering process is used to create competitivditgdby potential suppliers for
particular goods or services, and to make the pemsent process more transparent
(Lysons & Gillingham, 2003).
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Several authors have provided definitions for teimde One of them is
provided by Weele (2010), and another one by Lysamd Gillingham (2003) as
follows:

“Situation where a buyer asks for bids from differeuppliers, creating
a level playing field (identical to competitive Widg).” (Weele,
2010:35)

“A purchasing procedure whereby potential suppliare invited to
make a firm and unequivocal offer of price and t®rmhich, on
acceptance, shall be the basis of the subsequetrach” (Lysons &
Gillingham, 2003:651)

Both definitions indicate an approach which invalvaviting potential
suppliers and getting a quotation for procuremiotvever, the definition of Lysons
and Gillingham (2003) is more precise indicating ttutcome of the acceptance as
the contract. Therefore, the definition of Lysomsl &illingham (2003) is preferred
and used in this research.

Tender and competitive bidding are identical (We2@40). However, for the
research context a bid and a tender are diffetexdtidorough value. If a procurement
costs between Maldivian Rufiyaa (MVR) 25,000.00 M¥/R1,500,000.00, it is
regarded as a bid and evaluated by the Bid EvaluaBommittee (BEC). If a
procurement costs MVR1,500,000.00 or more, it igarded as a tender and
evaluated by National Tender Board (NTB). Howeube tendering and bidding
processes are the same as described in MaldivibhcHtinance Regulation 2009
("Dhaulathuge Maaliyyathuge Gavaaidhu,” 2009). Mdetails on the breakdown,
BEC and NTB are discussed in Section 4.4.

Tendering has a very specific procedure to follespecially when it comes

to public sector tendering, to make it more contpetiand transparent. The next

section highlights the tendering process.
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4.2.3.1 Tendering process

In the context of this research, the tendering @secand bidding process is
the same. Tendering is done if the procurementesscéhe cash limit prescribed in
procurement procedures (Leenders et al., 2006;nsygoGillingham, 2003). In the
context of this research the cut-off limit is MVR@80.00. If any procurement costs
MVR25,000.00 or more it should be announced forliputender ("Dhaulathuge
Maaliyyathuge Gavaaidhu," 2009).

Lysons and Gillingham (2003:653) provides the faileg procedures for
tendering:

* The issue of a public advertisement inviting tesder

* Full and identical specifications given to potehsiappliers, who have to
submit the tender in a sealed and identifiable xpesby a specific date.

* On the date arranged for opening of tenders, apmdficers from the
purchasing department and an external departmegt, teeasurer’s
department, will attend.

 Tenders will be initialled, listed and entered on analysis sheet,
showing details of prices, rates, carriage charge$ivery settlement
terms and other information necessary for theituaten.

» Late tenders are not considered and are usuallynedd unopened.

Leenders et al. (2006) provide a similar procegdisted below:

« Advertise the purchase needs
e The bidder will receive:
0 a complete list of specifications that the suppinerst meet;
o alist of instructions to the bidder specifying havhen, where
and in what form bids must be submitted,;
o0 general and special legal conditions that must eé oy the

successful bidder; and
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0 a bid form, in which the supplier will submit pricgiscounts,
and other required information.
e The bidder must submit any bid on or before theifipe date and hour.
« At the hour and date specified in the bid instiutsi, the buyer or
designated person will open all bids and record ligs on a bidder
spreadsheet.

« Late bids are returned, unopened, to the bidder.

Based on the two studies, Leenders et al. (200é)Lgsons and Gillingham
(2003), we can say that there is a standard proeefdu tendering which includes
advertising for tenders, issuing specificationgceiving and opening tenders on a

specific time.

However the major issues as addressed in the obsase evaluation method.
The current evaluation method in public sector,ahis weighted sum, mainly with
its inherent compensatory behaviour makes unddsirabtcomes (Mateus et al.,
2010). Therefore, the research focuses beyondviegeand opening tenders, but

minimising such undesirable outcomes which restots the evaluation method.

4.2.3.2 Tender evaluation

Tender or bid evaluation is the main focus of #earch project, because the
supplier selection is based on the tender evaluaths described in the tendering
process above, a specification is provided to thtergial suppliers about the tender
and the same document details the evaluation ieritex well. A reasonable set of

criteria are used for tender evaluation (Leendeas. £2006).

In most of the tender evaluation cases, one supiglimmore superior to the
others. However, the preference is not so appdoitler & Burt, 1996). In such
cases a mathematical model can be used to evahetenders to identify the best
choice (Dobler & Burt, 1996; Monczka et al., 20Rowlinson & McDermott,
1999). An example of a common tender evaluation ehasl numerical weighted
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factor rating system, which can help the decisiakimg process (Dobler & Burt,
1996). Details of evaluation models are discussedhapter 6.

Tenders are evaluated based on selection critetiawt for the tenders, and
the criteria are prioritised in evaluation by alting weights to each criteria (Dobler
& Burt, 1996; Leenders et al., 2006; Monczka etz2010; Rowlinson & McDermott,
1999). In the majority of the cases, the critend aeights are set by a committee of
individuals assigned to procurement (Dobler & Bur®96). However, there are
evaluation methods, such as Data Envelopment Aisal3AE), which do not
require manual assignment of weights for criteridaldgario et al., 2012;
Lorentziadis, 2010).

The evaluation committee assigns rates for eatérieriof each tender. It is a
collective decision by the evaluation committeeivad at after an analysis of all the
data and information provided in the tenders arsd @ahformation gathered in the
field investigation (Dobler & Burt, 1996).

In most of the procurement cases, suppliers expatthe lower bid will win
the procurement. However, it is almost impossiblevaluate tenders based only on
price, due to the fact that very few suppliers egeally competent for a specific
procurement. Most of the time, decisions on suppdbection other than low bidder
Is rationalised by this condition (Dobler & Burt996). There are procurement

guidelines for tender evaluation, which will bealissed in later sections.

With the development of modern technology, esplciaternet technology,
procurement has taken a major leap in fulfilling functions including tender
evaluation. Mainly, it involves using electronicnemunication between supplier and
buyer, and technological advancements in selecuppliers to track procurement.
The next section will provide a brief explanatiohebectronic procurement, or e-

procurement.
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4.2.4 e-Procurement

E-procurement is a short form of electronic prooweat and both terms are
interchangeably used in practice and literatursolng and Gillingham (2003) define
e-procurement, cited in the Chartered InstitutePafchasing and Supply (CIPS),

Policy Statement on Procurement, as follows.

“The combined use of information and communicati@thnology
through electronic means to enhance external aedhial purchasing and

supply management process.” (Lysons & Gillingha6Q3172)

Boer, Harink, and Heijboer (2002) and Croom andnBoa-Jones (2007)

provide the following definitions for electronicquurement.

“E-procurement can be defined as using Internehnelogy in the
purchasing process” (Boer et al., 2002:26)

“Electronic procurement refers to the use of indégnd (commonly web-
based) communication systems for the conduct of parall of the
purchasing process; a process that may incorpstages from the initial
need identification by users, through search, sogrcnegotiation,
ordering, receipt and post-purchase review” (Cra@rBrandon-Jones,
2007:295)

These definitions depict the involvement of elegico communication
making it e-procurement. Therefore suppliers angelasishould be able to request
and respond to tenders, and other necessary coroations should take place,

through electronic means.

For this research context, the definition providgdLysons and Gillingham
(2003) is chosen because it not only mentionsiieeof communication technology
but also information, and it also focuses on enbamnt of the purchasing process.

The research project is focused on e-procuremecduse the decision model is
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expected to use ICT to minimise processing time @imdinate manual processing

errors.

As in the definition of Lysons and Gillingham (2003CT is used in
purchasing process, which is also supported by i@rand Brandon-Jones (2007).
Choosing a supplier is one of the most importawicgsses in procurement. This
research focuses on the specific process of sefecuppliers in public sector
procurement. As public sector procurement has uwa anique features, the next

section will explain the context of public sectoogurement.

4.3 Public sector procurement

Public sector procurement is also referred to agegonent procurement.
Arrowsmith and Anderson (2011) state governmentcym@ment, based on the
perspective of the World Trade Organisation (WT@&¥, “the purchase of goods,
construction service and other services requiregdsernment bodies” (Arrowsmith
& Anderson, 2011:1)

There are four major principles in public procuramenon-discrimination,
equality, transparency and proportionality (WeeR)10). The features and

characteristics of public sector procurement asefdan these principles.

However, there are cases in which current pract€epublic sector
procurement evaluation providing undesirable outesnThere are many such cases
even provided through media as public news (Boat.e2006). Some of these issues
are due to the compensatory nature of the evaluatiethod (Mateus et al., 2010).
One of the undesired outcomes presented by B@dr @006) is a real life case from

Netherlands as follows.

“One of the uniformed services in the Netherland=eded new
uniforms. Price and delivery time were both consde equally

important. Price was awarded a score of 100 paipt¢o a price of
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€550. For every €10 above €550 1 point is dedutted the maximum
score of 100. Delivery time scored 100 points up weeks; for every
week above 8 weeks 25 points are deducted frormthémum score of
100" (Boer et al., 2006:3).

Based on the above requirements suppliers propasalsvaluated as shown
in Table 4.1.

Table 4.1: Evaluation results of proposals

Price | Delivery Score | Score on| Total | Rankin
(in €) time on delivery | score g
(in weeks) | price time
Supplier 1| 650 13 90 0 45 3
Supplier2| 750 13 80 0 40 4
Supplier 3| 825 12 73 25 49 2
Supplier 4 | 1550 9 0 100 50 1

In this case the supplier 4 wins. This means thatuniform service has to pay
almost twice as much for a lead-time improvemenbmdl 33 percent. The purchasing
manager thinks this is strange as he gave the titaria the same weigi{Boer et al.,
2006)

Similarly, Mateus et al. (2010) provided such umalgle issues with Portugal
public sector procurement. In literature there amany known public sector
procurement evaluation problems (Boer et al., 200feney, 2002; Mateus et al.,
2010). This research is intended to identify aal@stion method that minimises
these issues currently identified in literature aatheres to the local legal and

operational requirements.

There are substantial features specific to puldicta procurement which
needs to be discussed. The following sections asedon those features, explaining
public sector procurement objectives; key charaties of public sector
procurement; methods of procurement in the pubdictas; guidelines for public

sector procurement; and evaluation criteria forlipidector procurement.
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4.3.1 Procurement objectives in public sector

The objectives of public sector procurement are dhmme as in the private
sector (Leenders & Fearon, 1997) and many authefined the procurement
objective as purchasing the right quality of materat the right time, in the right
quantity, from the right source, at the right pr{@aily et al., 1994; England, 1967;
Leenders & Fearon, 1997; Weele, 2000). LeendersFaadon (1997:539) provides

the following objectives for government procurement

» Assurance of continuity of supply to meet servieeds.

* Avoidance of duplication and waste through standatibn.

e Maintenance and improvement of quality standardgiods and services
purchased.

« Development of a cooperative environment betwe@plguagencies and
departments served.

* Obtaining maximum savings through innovative supgyg application
of value analysis techniques.

* Administering the supply function with internal iefency.

* Purchase at the lowest life cycle cost, consisteth quality,

performance and delivery requirements.

These objectives given by Leenders and Fearon §188¢onfirm that public
procurement is about what is in the best intereSthe organisation as in private
sector. However, even if the objectives are of shene, there are some unique
characteristics for public sector procurement whigh be highlighted in the next

section.

4.3.2 Key characteristics of public sector procuremnt

Public sector procurement has a rigid structure iand difficult to make
changes in public purchasing as it is establishethlw or regulation (Leenders &

Fearon, 1997). Public procurement must adhereg@uidelines provided by public
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authorities. In every country, public procurementsin comply with specific
legislative requirements (Falagario et al., 2012).

Public purchasing laws require a contract to berdedto the lowest capable
bidder who fits the requirements laid by invitatitor bid (Brown, Wright, Cloke,
Morris, & Trumper, 1984; Falagario et al., 2012ehders & Fearon, 1997). Public
procurement has limited flexibility and narrow avation criteria when dealing with

bid evaluation, as it has legal bindings (Leen@eFearon, 1997).

The public sector spends on a planned and apprbuddet (Leenders &
Fearon, 1997; Weele, 2000) and any changes ndexlapproved by legislative body
making it time consuming, resulting in difficulti@s taking advantage of spot buys

of high quantity price deals (Leenders & Fearor§7)9

Public procurement funds come from taxpayers. Baitgxpayer, a supplier
may attempt to influence the political process teegthemselves preference in
procurement of materials, as they have been payimgher amount of tax (Leenders
& Fearon, 1997).

Reports on how public sector institutions spendrthend are open to the
public (Weele, 2000). More specifically, all infoaton on prices submitted by
suppliers, and the amount ultimately rewarded & gtipplier, must be provided to
any taxpayer who wants it (Leenders & Fearon, 1988cause of the issue of
confidentiality, as the competitors can get theinfation, the suppliers are cautious

about providing price deals to the public sectaghders & Fearon, 1997).

Clear and accurate specification is required twideinformation to bidders
to get competitive bids, without varying interpteias (Leenders et al., 2006;
Lysons & Gillingham, 2003). The development of gepecifications requires much
time (Leenders & Fearon, 1997).

Public sector procurement emphasises the bid psoséhk a rigid structure

from invitation for bids to bid opening, evaluatiand award (Leenders & Fearon,
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1997). The extensive authorization process makesupement a dull, difficult and

time-consuming process (Weele, 2000).

Maldivian public sector procurement also incorpesathe characteristics
discussed above. Further explanations and moreadesistics specific to the

Maldives context are explained in Section 4.4.

4.3.3 Mode of procurement in public sector

Although there are unique issues in purchasingublip sector, procurement
officials in this sector must give as much serimamsideration to spending on
procurement as private sector procurement manggeenders & Fearon, 1997).
The mode of procurement in the public sector variepending on the product,
value, urgency, location, and the suppliers capgl§Brown, Wright, Cloke, Morris,
& Trumper, 1984). Therefore, the mode of procurehtpends on the situation of

the procurement at the specific time for the pubdictor institution.

The following modes are described by Brown et 2884:7) and are still
applicable in the Maldives public sector as weltcading to Public Finance
Regulation of Maldives ("Dhaulathuge Maaliyyathugavaaidhu,"” 2009).

* Purchasing low value goods from local shops orksst& by cash or

other arrangements.

* Obtaining oral quotations.

* Obtaining written quotations.

e Inviting tenders from a range of suppliers agaiastormally issued

specification.

* Extensive formal tendering such as the letting oebatract for a stretch

of motorway or a major computer installation.

Similar acquisition procedures, with additional kexyations, are described by

Leenders et al. (2006) as follows:
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* Small-dollar purchases for items below the thresgHot competitive bids
or quotes.

* Request for quotations (RFQ) for items below threghold for issuing a
formal bid but high enough to require competitivmtations.

* Invitation for bids (IFB) for the items above thedshold to issue formal
bid solicitation, normally for a product or contraal (nonprofessional)
service.

* Request for proposal (RFP) for professional sesvmehigh-tech needs
when formal bid solicitations are required.

* Emergency purchases for unplanned needs to prptédic health and
security.

e Sole-source purchases for a supply, service, ostaation item when
the purchase has been determined in writing arreé ikenly one source.

« Negotiated acquisition, usually part of an RFT olessource purchase,

or to acquire exempted services, such as utilifesier or landfills.

As is evident from the above methods describeddily lBrown et al. (1984)
and Leenders et al. (2006), it includes all typéspurchasing activity, from very
simple cash and buy methods to sophisticated temgdéfrhe amount of procurement
effort changes, based on the significance of theenad (Leenders & Fearon, 1997,
Monczka et al., 2010). For small, common items,fgyemce of supplier is
comparatively unimportant. However, detailed eaibn processes and resource
dedication are required for high-priced items (Mzdkecet al., 2010)

The Maldivian public sector procurement also pradidifferent modes of
procurement for different level of goods and se¥sgjcas discussed above. Further
explanations specific to the Maldives context aqglaned in Section 4.4.

The research focuses on the evaluation model fpplen selection for

tendered materials and services. Therefore the seotion discusses guidelines for

evaluation for supplier selection.
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4.3.4 Guideline for public sector procurement

It is evident that the procurement function canehavcritical impact on the
security of an organisation, an industry and aomatl economy as a whole (England,
1967). Therefore countries have developed guidelioe public sector procurement
or government procurement which can be generaletjugs for specific countries or
work categories, developed through best practiceviiRson & McDermott, 1999).

In public sector procurement, some countries handustry specific
guidelines, like GOSIP (Government Open Systemardonnection Profile) in the
UK. GOSIP provides a procurement handbook whicliniended to simplify the
procurement of OSl-based products by the UK goveminctivil administration
(GOSIP, 1994).

The guidelines provide systematic approaches todetenevaluation.
Rowlinson and McDermott (1999) discouraged thegiesif a universal evaluation
system of tenderers, due to the complexity andeasfgthe potential performance
criteria and indicators of tenderers. On the otiend, Rowlinson and McDermott
(1999) believe that a basic model and guidelinesbeaestablished, based on which

specific criteria and indicators could be identffer every specific case.

As explained by Falagario et al. (2012), EuropPasctives state that either
the Lowest Price (LP) or the Most Economically Adizgeous Tender (MEAT)
approach should be used. LP is used when feattird® onaterial or service other
than price are identical to differentiate suppli@therwise tenders are awarded using
MEAT (Falagario et al., 2012). Similarly, in the UKis to maximise the ‘value for
money’ (Brown et al., 1984) and in USA it is thevkest responsible and responsive
bidder (Leenders et al., 2006) which is the apgraged in choosing a supplier.

All these approaches of supplier selection are dase one or more

evaluation criterion. There are fundamental cidtenmd procurement specific criteria

for tender evaluation. The next section will highli tender evaluation criteria.
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4.3.5 Tender evaluation criteria for public sectoprocurement

Price, quality and delivery are the three primanteda used by most
organisations to rate suppliers (Liu, Ding, & L&Q00; Luo, Wu, Rosenberg, &
Barnes, 2009; Mahdi, Riley, Fereig, & Alex, 2002pizka et al., 2010; Rowlinson
& McDermott, 1999). It has also been shown inrdmults of the review of literature
implemented by Ho et al. (2010) on evaluation daten international journals from
year 2000 to 2008, that price, quality and delivamry the three most commonly used
evaluation criteria. However, there are severakottriteria used by organisations
and listed in theory, depending on the type of prement. Different criteria can be
applied in the selection of suppliers in differ@mbcurements. There are numerous
evaluation criteria discussed by different authamd it is almost impossible to list
every one as these changes over by time, and lmaséke specific procurement
context. Monczka et al. (2010:170) described sorhethe criteria in general

categories that can be applied, as follows:

* Management capability involving criteria like management’'s mission
and long term capability, investment in researct development, and
whether this is enough to sustain growth, commitntenTotal Quality
Management (TQM), continuous improvement and so on.

 Employee Capability: such as the extent to which employees are
committed to supplying high quality products, enygles’ views and
responses to continuous improvements, worker filgyiband so on.

* Financial Stability: such as the Current ratio, Quick ratio, Inventory
turnover, Fixed asset turnover, Net profit mardReturn on assets and so
on.

e Quality management:. Management commitment, Number of defects,
Variability, Process control, 1SO 9000 certificatjo Continuous

improvement and so on.

Process design and technology, production scheglalimd control systems,

environmental regulation compliance, e-commercealb#ipy, supplier's sourcing
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policy, and potential for long-term relationshipe asther categories described by
Monczka et al. (2010).

Based on the fact that different procurements ndiEerent criteria for
selecting suppliers, this research project doesspetify a set of criteria to be
applied to the decision model. However, as sediteirature, there are contemporary
criteria like cost and delivery (Luo et al., 2008ahdi et al., 2002; Monczka et al.,
2010; Rowlinson & McDermott, 1999) which could keed for evaluation.

Since the project is based on public sector pravarg in the Maldives, more
specific details of Maldivian public sector procment is discussed in the next

section.

4.4 Public sector procurement in Maldives

Dhaulathuge Maaliyyathu Gaanoonu 20@kterally, Public Finance Act
2006) andDhaulathuge Maaliyyathu Gavaaidhu 20@Bterally, Public Finance
Regulation 2009) are the governing laws and regulations faoblip sector
procurement in the Maldives ("Dhaulathuge Maaliywafe Gavaaidhu,” 2009). The
responsible body for governing public sector firmm assigned by the President of
Maldives ("Dhaulathuge Maaliyyathu Gaanoonu," 20@6¥ it is the Ministry of
Finance and Treasury (MoFT) ("Dhaulathuge Maaligyge Gavaaidhu,” 2009). As
MoFT is the assigned body for public finance retjotait creates and amends Public

Finance Regulation requirements ("Dhaulathuge Mgathu Gaanoonu,” 2006).
In alignment with (Brown et al., 1984), in the Malels too the method of
procurement in public sector varies depending am phoduct, value, urgency,

location, suppliers capability ("Dhaulathuge Magdithuge Gavaaidhu," 2009).

In normal circumstances the method of procuremeaitiy depends on the

value of procurement product as described by Lesnaled Fearon (1997) and also
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based on public finance regulations of Maldives hdDlathuge Maaliyyathuge
Gavaaidhu," 2009)

As described in Introductory chapter Section 1d5dal on thé®haulathuge
Maaliyyathu Gavaaidhu 200% the procurement material or service cost $s lthan
MVR1,000.00 the institution can purchase it at toenmon market rate from any
supplier. If the procurement material or servicestcs from MVR1,000.00 to
MVR25,000.00, the institution can get quotatioranirthree different suppliers and
purchase from the best supplier. If the procuremuaterial or service cost is
MVR25,000.00 or more, the institution has to go farblic tendering. If the
procurement material or service cost is from MVRPS,00 to MVR1,500,000.00,
the institution forms a Bid Evaluation CommitteeE®) which evaluates the bids. If
the procurement material or service cost is MVRQ,800.00 or more, still the
institution has to announce for public tender amel tenders are evaluated through
the National Tender Board (NTB) ("Dhaulathuge Mpaathuge Gavaaidhu,"” 2009).

The research focuses on the second last band, \whererement material or
service cost is more than MVR25,000.00, thus reagirpublic bidding. The
following sections will cover public bidding or téering and its guidelines with
regard to the procurement of materials and servalesve MVR25,000.00 and

supplier selection.

4.4.1 Government guidelines for procurement

Dhaulathuge Maaliyyathu Gavaaidhu 200@iterally, Public Finance
Regulation2009) prescribes a standard guideline for puldata procurement. The
main points in the guidelines provided Byblic Finance Regulatio2009 in the

context of this research are as follows:

* Public procurement should be a transparent process.
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* To create competitive bidding, fair opportunitideosld be provided to
capable suppliers.

* The procurement process should be the same fbrdalérs.

« To ensure the procurement process runs smoothlgrdiog to the
regulations, modern technology can be used.

* There must be a responsible person for the proamem

e Imported products should be purchased from the lmrppvho have a
licence and are in continued business. The suppheed to agree to
support public procurement.

» If a supplier has any family or business relatignstith a senior official,
the details should be submitted in a signed doct@eng with the bid
documents. Failure to this condition cancels tlae bi

* In the case of bulk buying of materials, an orgatmi® should not buy at
the retail rate but at the wholesale rate provioethe supplier.

* Every public department should submit their anrtuadget in advance
for the next year and the procurements shoulddtediand approved in
the budget.

* Anything outside the approved budget should beyraxtonly if it risks

a person’s life or if it stops any basic publicvses.

Dhaulathuge Maaliyyathu Gavaaidhu 200&ovides very specific and
copious guidelines to be followed in Maldives pal8ector procurement. However,
not every guideline that it provides has significamportance to this research
project. The important guidelines only are discddsere.

A major importance is given to public tendering endhaulathuge
Maaliyyathu Gavaaidhu 2006f Maldives. The following sections describe pabli
tendering in Maldives and the criteria imposed $wpplier selection in public

procurement in the Maldives.
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4.4.2 Public tendering

The public tendering procedure is same as describe8ection 4.2.3.1.
However, there are some country-specific regulatiorpublic sector tendering. The
major points of the regulation with regard to paldector tendering, based on the

research context, are described as follows:

Dhaulathuge Maaliyyathu Gavaaidhu 20fgescribes that any procurement
of material or service which amounts to more thaWR®25,000.00 should be
announced for public tender. The procurement shbalthade based on the bids or
tenders submitted ("Dhaulathuge Maaliyyathuge Gavag' 2009).

Procurement specifications should be provided iitingr to the potential
bidders. This information should also provide infiation on the selection guide by
providing the evaluation criteria including weiglasd how points will be allocated

("Dhaulathuge Maaliyyathuge Gavaaidhu,” 2009).

There must be a Bid Evaluation Committee (BEC)viarg public office that
does procurement. The BEC members are senior afficfrom different
departments. The names, with job titles, of the BB@mbers should recorded in
writing and also passed on to individual BEC meraberwriting. The minutes of
BEC meetings should be recorded in writing ("Dhtuge Maaliyyathuge
Gavaaidhu," 2009). If the procurement value is mibi MVR1,500,000.00, the
tender is evaluated by NTB under MoFT and the gameedure is applied.

The BEC or NTB need to have a justified reasonctawosing a particular
supplier and it should be signed by an authorisetsgn ("Dhaulathuge
Maaliyyathuge Gavaaidhu,” 2009). The justificatisnthe evaluated result of the
tenders by the BEC or NTB.

For the tender evaluation there are enforced @itey law and regulation.

The country-specific criteria for the research eahtare discussed in the next

section.
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4.4.3 Enforced tender evaluation criteria

Even though there are a number of criteria usquiblic sector procurement,
there are compulsory criteria that must be useslpplier selection in public sector
in the Maldives ("Dhaulathuge Maaliyyathuge Gavhaii 2009). Dhaulathuge
Maaliyyathu Gavaaidhu 2008ssigns the responsibility to BEC or NTB to evidua
the bids or tenders, based on price and duratioadtlition, it prescribes to look for

the following criteria:

Financial capability of the supplier.

» Technical capability of the supplier.

» Justifiability of the prices submitted by suppliecempared to estimated
price of the procurement material or service.

» Similar past experiences of the suppliers, in teofrsze and execution.

* Any other important criteria perceived by the palslector department.

The bids or tenders should cover the above merdiarfermation requested
by tender announcement through a bid or tender mson form. The bids or
tenders should also cover a summary of the cumwerit undertaken by the supplier

and its value ("Dhaulathuge Maaliyyathuge Gavaaidb009).

According to Dhaulathuge Maaliyyathu Gavaaidhu 20Q8ere must be
minimum of three bids or tenders for any public quement tendering for
evaluation. If minimum three bids or tenders aré¢ rexeived, it should be re-
announced for tendering. If the second attempts féd receive three tenders,
procurement should be negotiated with the suppli#faulathuge Maaliyyathuge
Gavaaidhu," 2009).

Like every public sector institution, BEC and NT&hound to follow these

criteria and guidelines for public sector procureme
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Since the public sector procurement requires mioaa bne criterion to be
considered in the evaluation of bids or tendersnudti-criteria decision analysis

(MCDA) method needs to be used for evaluation.

4.5 Conclusion

Decisions on procurement involve more than balaneivariety of technical
considerations. The chapter discussed the essessias that need to be considered

in public sector procurement.

Public sector procurement uses a structured proeegoverned by public
finance law and regulations which enforces nonfdigoation, equality,
transparency, and proportionality. In accordanceh the regulations, public sector
procurement sets criteria for tender evaluationniblves compulsory criteria and
optional criteria based on the procurement. Pubhder evaluation approaches seek

to select the best tender, based on the collecfechiation.

The education sector where the research is focsstdly under the public
sector. Therefore, the same public sector procurem#éles and regulations are

applied to the education sector.

Based on the literature, it is evident that promest decisions in the public
sector need to consider the best choice, basetleomformation gathered. For this
purpose, multiple evaluation criteria are usedviaeate the bids or tenders.

From the literature review the following criterieeadentified for the purpose
of criteria-based evaluation, as described in Rekelslethodology, Section 2.4.3.1

and Section 2.4.3.3.

1. Bids should be identifiable and received on a Spedate.
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10.

11.
12.

13.

14.

Bids should have specified information requestedhm bid invitation,

such as price, delivery duration and so on.

A procurement process should follow four major pipfes: non-

discrimination, equality, transparency and projpordiity.

Evaluation should be in line with the procuremebijeotive to purchase

the right quality of material, at the right time, the right quantity, from

the right source, at the right price.

Selection decisions to be made by consideringdhewing:

a. Assurance of continuity of supply to meet the srvieeds.

b. Avoidance of duplication and waste through standatbn.

c. Maintenance and improvement of quality standardgaods and
services purchased.

d. Obtaining maximum savings through innovative suppnd
application of value analysis techniques.

e. Purchase at the lowest life cycle cost, consisthwiuality,
performance and delivery requirements.

Selection decision should be in the best interestthe public sector

organisation.

Evaluation procedures should follow the procuremeguidelines and

rules provided by the authorities.

Contract should be awarded to the lowest capaloldebiwho fits in to

the requirements laid down by the Invitation fodBi

An evaluation process should consider that theipgektor spends on its

planned and approved budget. For instance, it fécudli to take

advantage of spot buys of high quantity price deals

There should be no political, organisational orspeal influence on

preference for any supplier.

Requirement specifications are provided to potebtdders.

Evaluation criteria with weights, and how pointe atlocated, should be

given to potential bidders.

Evaluation criteria and weights cannot be changéeér athe bid

submission.

Announcement of the invitation for bids should bad® public.
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15.

16.
17.

18.

19.

20.

21.

22.

23.

24,
25.
26.
27.
28.

29.

The value of procurement should be between MVRZH@D and
MVR1,500,000.00.

Public procurement should be a transparent process.

To create competitive bidding, fair opportunitidsosld be provided to
the capable suppliers.

The procurement process should be the same fbidalérs.

There must be a responsible person for the proamem

Imported products should be purchased from the Imrppwho have
licence and are in a continuing business. The snspheed to agree to
support public procurement.

In the case of bulk buying of materials, these &haot be bought at the
retail rate but at the wholesale rate providedheysupplier.

Every public department should submit their anrtuadget in advance
for the next year, and the procurements shouldsbedl and approved in
the budget.

Anything outside the approved budget should beyrextonly if it is not
acquired risks a person’s life or if it stops amgile public service.
Procurement should be from the bids submitted.

There must be a bid evaluation committee to evalbats.

For the selection of any supplier, there must hestified reason.

There must be a minimum of two criteria: price auodation of delivery.
There can be as many criteria as required by tganisation relevant to
the procurement.

There must be a minimum of three bids for evalumatio select a

supplier.

The above mentioned criteria will be used for cidtdased evaluation as

legal requirements, as illustrated in Figure 22adldition, operational requirements

are used for criteria-based evaluation. The nexptdr discusses operational

requirements in detail.
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CHAPTER 5

FIELD RESEARCH FINDINGS

51 Overview

Field research was to achieve the second resedneltive presented in
Section 1.3 and also as illustrated in researciementation model in Figure 2.2.
The field research was to conduct focus groups weftthcation sector procurement
decision-makers and to collect real life procuretrdata sets with their evaluated

results.

This chapter presents the research findings ofatwes group interviews. The
focus group findings are in three major themesp@ration process, bidding process
and evaluation process. The findings of constraamd requirements for public
sector procurements for this study are in theseetlstages of procurement. Each
theme has sub-categories to represent the results.

This chapter discusses the emerged results afataeanalysis, based on the

field research conducted in public sector educanstitutions in the Maldives.
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5.2 Introduction to research findings

The following sections are indented to presentrésearch findings of the
context emerging from the data analysis. The figdiare presented under three
major themes with their related constraints andiregnents under consideration, in

context of public sector procurement, as shownigiiife 5.1.

Requirements
and constraints
of public sector
procurement

Evaluation
Process

Preparation
Process

Bidding
Process

Legal Boundaries Evaluation Criteria

Pre-bid Meeting Addltlon_al Bid Submission
Information
Evaluation ) . , . Use of other
Analysis ‘ Awarding ‘ Bidders' Complalnt% MCDA Methods ‘ Expected Metho%

Figure 5.1: Structure of presentation of findings

The presentation of finding is themed to the majavcesses involved in
public sector procurement in relation to bid evahra context. The first theme
presented is the ‘preparation process’ where thaimements and constraints with

regard to the theme are discussed, followed bydibgl processes and finally

‘evaluation process’.
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As illustrated in Figure 5.1, the findings are @m@ed with main themes
aggregated from interpretive codes, which are ddrifrom descriptive codes, as
shown in Table 5.1. The descriptive codes are ddrifrom the focus group
transcripts for every new concept discussed byBEEE members. These concepts

are categorised to interpretive codes.

Table 5.1: Presentation of findings

Main themes

Interpretive codes

Descriptive codes

Preparation
process

Legal boundaries

Maximum tender

Minimum tender

Cost bands

Bid announcement criteria

Evaluation criteria

Price

Duration of delivery

Experience

Financial capacity

Quality

Technical capacity

After sales services

Warrantee

Human capacity

Other criteria

Criteria establishment

Allocation of criteria and weights

Bidding process

Pre-bid meeting

Announcement of pre-bid meeting

Compulsory pre-bid meeting

Provision of specification

Provision of marking criteria

Recoding of pre-bid attendants

On the spot information provided

Specialised information

Explanation of calculations

Additional information

Request to submit all documents

Information through email

Information through phone

Bid submission

Verification of bid submission

Evaluation process

Evaluation analysis

Required minimum members

Basis for evaluation

Verification of suppliers proposal

Evaluation of suppliers previous jobs

Evaluation of support documents

Importance of acceptable price
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Evaluation of suppliers' performance

Marks allocation

Use of technical expertise

Check for standard specification

Evaluate every criterion independently

Evaluate all criteria

No ranking

No pair-wise comparison

No changes to criteria and requirements

Disqualifying bids

Showing calculations to bidders

Awarding Requires approval

Confirmation and reason for selection

Informing bidders

Bidders complaints Clarification to bidders

Complaints to authorities

Misconceptions of bidders

Use of other MCDA Lack of knowledge of other MCDA methods
methods
Expected method No discrimination

Accurate method

Reasonable

Comply with regulations

No chance of manipulation

Minimise complaints

Support utility concept

Clear and good understanding

The descriptive codes are the operational criteiaired to conduct criteria-
based evaluation to achieve the fourth researcbhcbobg. These descriptive codes
represent operational requirements, characterjslicstations and constraints of
procurement from the BECs. In a focus group if &BC member mentions any of
such operational requirements, it is treated as ainie criteria for the analysis,
because such requirements need to be in line with chosen decision model.
Therefore, even if any such requirement is mendoby one or many BEC
members, it is treated equally because the frequethe requirement mentioned in
focus groups does not weaken or strengthen thareegent for the criteria-based
analysis. A requirement remains as one single remént irrespective of its
frequency or number of BECs mentioning it.
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The following sections are organised to presentréselts according to the
structure provided in Table 5.1 and illustratedrigure 5.1. Themes are presented at
first followed by interpretive codes under the tlesmand then the descriptive codes

with its related quotations.

5.3 Preparation process: requirements and constrats

Based on the findings, there are multiple constsaamd requirements in the
preparation process which would influence the seppelection in public sector
procurement. The requirements and constraints rangpgd into two sub-categories,
as shown in Figure 6.2.

Preparation
Process

Legal Boundaries Evaluation Criteria

Figure 5.2: Sub-categories of preparation process

The sub-categories are legal boundary and evatuatiteria. The following
sections will discuss the findings in the two salbegories in details.

5.3.1 Legal boundaries

As discussed in Chapter 4, public procurement guleged by laws and
regulations. It remains the same in the public atlan sector context under study.
Participants of the focus group mentioned at déffieitimes in discussions related to
different questions that they had to follow rulesl aegulations. With regard to the
practice of regulation, in discussion related te-pid meetings a participant
mentioned that “in addition to pre-bid meeting,oimhation is provided through
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different means. But we have standard regulatiorfsltow” (IL4). Furthermore, in

another focus group the following was mentioned:

“When bidding is done, even if we need to a beas|fon quantity

discounts] there is Public Finance Act and Pubili@fce Regulation, which
should not be violated. If we take advantage ohdliscounts, it violates the
regulations.” DL3

There are several constraints and requirementtedeta legal boundaries in
the preparation process of the public educatiomosgocurement. The following

sub-sections discuss the requirements and cortstrain

5.3.1.1 Maximum tender

According to the Public Finance Regulation, the ljpukector education
departments can handle procurements that cost tlkas MVR1.5 million
(approximately GBP60,000). Any public sector pmecaent which costs more than
MVRL1.5 is evaluated by NTB under MoFT. During tfozus group interviews
participant ML2 stated that “we handle procuremgatue less than MVR1.5
million” (ML2).

5.3.1.2 Minimum tender

Similar to having a maximum tender limit, accordimgthe Public Finance
Regulation, the public sector education departmeagaest for bids and evaluate by
their BEC if the procurement costs are more thanR¥Y,000 (approximately
GBP1,000). A participant in the focus group stated

“If [the cost of] procurement is greater than MVRBPD we have to gazette
it.” ML2
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5.3.1.3 Cost bands

In normal circumstances, Public Finance Regulaties a varied mode of
public sector procurement, based on the cost gbtheurement under consideration,

varying from over the counter to public tendering.

“Iltems less than MVR1000 would be purchased aftexcking prices from
three vendors. Iltems between MVR1000 to 25000 kéll purchased after
getting quotations from three vendors. If [the cofftprocurement is greater
than MVR25000 we have to gazette it.” ML2

The lowest band, which is less than MVR1,000 (apipnately GBP40)
requires public sector institutions to check cdsisn three shops before purchasing.
The second band, which is more than MVR1,000 assltlean MVR25,000, requires
three formal quotations from three sellers. Findlilg last band, which is more than

MVR25,000, requires a public announcement requg tics.

The selection of supplier is based on the lowest sapplier when a public

announcement for bidding is not required.

“If [cost] is less than MVR25000, we award to thmwest cost supplier.
Otherwise, there are cases we don't award to thesloprice but to the most

competitive bidder.” ML2

5.3.1.4 Bid announcement criteria

The bid announcement criteria are also regulated Poyplic Finance
Regulation. The request for a bid to the publicbesed on the cost of the
procurement as well. According to the regulatiah#he cost of the procurement is

more than MVR25,000, it has to be publically anremehto potential suppliers.
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“If [the cost of procurement is] greater than MVRPDO we have to gazette it;

publically announce it. Nowadays, we usually gazgtt ML2

The evaluation of such publically announced bids amdertaken by BEC,

according to the publically announced evaluatioteia.

5.3.2 Evaluation criteria

Public Finance Regulation of the Maldives specifigs compulsory criteria;
cost, and duration of delivery. It also providegsdgnce to look for other criteria.
The same two criteria were mentioned by all theugogroups, along with several
other bid evaluation criteria, as stated by a pg@int thus “points are allocated for

price, duration and experience too” (ML2).

The commonly used criteria for the public educatgattor procurement,
based on the focus groups are given below.

5.3.2.1 Price

Price has been the major evaluation criterion fopracurements. For all the
focus groups, the first criterion mentioned is cd&enerally price is a criterion”
(ML2). In the third focus group a participant sdct "mainly, price, duration and
experience are evaluated” (IL4). Price is checkednbst cases for evaluation, as
mentioned by a participant in the second focus gromho stated that "price,
duration, technical capacity, financial capacity @hecked” (DL1). Similar

expressions are noted for price as a criteriokbsas.

“There are mainly 4 criteria. They are: price, dia of supply, their

financial capacity and experience.” ML2
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“Usually price is a criteria, next is the duratiohdelivery. For some cases,
based on the procurement, for instance, provisioafter-sales services, a
warrantee is required. Different procurements rdifferent ones (criteria).”
IL3

5.3.2.2 Duration of delivery

Duration of delivery is another major evaluationtezion for all the
procurements. Delivery as a criterion was mentioneall the focus groups. “Points

are allocated for price, duration and experiencé (vL2).

Generally, the duration of delivery was used tbgetvith price criterion, as
mentioned by a participant, who stated “price, darma technical capacity, financial
capacity is checked” (DL1). Similar expressions aoted for price as criterion as

follows:

“There are mainly 4 criteria. They are: price, dia of supply, their

financial capacity and experience.” ML2

“Usually price is a criteria, next is the duratiohdelivery. For some cases,
based on the procurement, for instance, provisfoafter-sales services, a
warrantee is required. Different procurements rdifferent ones (criteria).”
IL3

“Mainly, price, duration and experience are evadddtiL4

5.3.2.3 Experience of supplier

Experience of the supplier is also a prominent watabn criterion. In bid
evaluation, BEC “look for bidders experience aslM@L1). “Points are awarded
for duration [of delivery], experience [of the sugnp and financial capacity [of the
supplier] as well” (ML2).
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Use of personal knowledge about the supplier aisiractly helps BEC in
evaluation. However, the experiences are evalubésgd on information gathered
for the bid.

“Then we look for experience, right? In everyddg,lwe also know some of
them. But experience of the bidder is based on #tdundocumented

evidences.” IL3

The experiences of the bidder within the particylablic sector department
are counted in the evaluation of the experiencabembidder. This experience may
inflict reduced marks if the performances are rmoeatable.

“We look into the bidders' previous level of perfances for us, if they have
ever done any job for us. If it is bad, it will loensidered [in evaluation].”
DL3

5.3.2.4 Financial capacity

Financial capacity of the supplier is also useagmasvaluation criterion for
bid evaluation. As stated in a focus group, “poiate awarded for duration [of
delivery], experience [of the suppler] and finahciapacity [of the supplier] as well"

(ML2). The same focus group also stated:

“There are mainly 4 criteria. They are: price, diom of supply, their financial

capacity and experience.” ML2

In addition the same criterion, the financial capeacf the supplier, was also

repeated in the second focus group as well.

“Price, duration, technical capacity, financial aelty is checked.” DL1
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5.3.2.5 Quality

Quality of work is used as an evaluation criterffonbid evaluation as well.

This criterion is evaluated based on the work donthe particular supplier.

“As such [we] give higher importance to bidderspepience. Need to think

about quality of work. Based on experience, itvaleated.” DL1

“We assess similar work done by the bidders inropteces to check for their

quality of work.” DL2

5.3.2.6 Technical capacity

The technical capacities of the supplier is alsedua criterion for bid
evaluation. It involves the evaluation of "numbémgaalified people for the job and
number of available machineries for the job as 'W@lL3). In addition, technical
capacity was mentioned by a participant whiledigtsome of the evaluation criteria,

as follows:

“Price, duration, technical capacity, financial aejty is checked.” DL1

5.3.2.7 After-sales services

After-sales services are also considered to be afn#he criteria for bid
evaluation, used for long term use products, likeclhmery, as illustrated by a
participant, who stated that "there may be, fotanse, after sales services as a

criterion for things like machinery" (IL3).

“Usually price is a criteria, next is the duratiohdelivery. For some cases,
based on the procurement, for instance, provisfoafter-sales services, a
warrantee is required. Different procurements rdifferent ones (criteria).”
IL3
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5.3.2.8 Warrantee

Warrantee is also considered as a criterion foreb@uation for some cases

of procurement. Use of the criterion depends ontdm to be procured.

While listing some of the criteria for bid evaluatj a participant mentioned
warrantees as one of the criterion as stated bellow

“Usually price is a criteria, next is the duratiohdelivery. For some cases,
based on the procurement, for instance, provisfoafter-sales services, a

warrantee is required. Different procurements rdifferent ones (criteria).”
IL3

5.3.2.9 Human capacity

The human capacity of the supplier is also usecda aziterion for bid
evaluation. Based on the product or services tprbeured, it is important to see if

the supplier has staff who are sufficiently quelifto handle the product or service.

“[Criteria include] number of qualified people fohe job and number of
available machineries for the job as well.” DL2

5.3.2.10 Other criteria

Other criteria are used, depending on the produsékvices being procured.

“Depending on the procurement there may be othéocatkd points
(weights).” ML2

However, there are fundamental criteria used fgr @mocurement, like price

and delivery period. Additional criteria are corited to the procurement.

108



“Usually price is a criteria, next is the duratiohdelivery. For some cases,
based on the procurement, for instance, provisioafter-sales services, a
warrantee is required. Different procurements rdifferent ones (criteria).”
IL3

“Some jobs have additional criteria other than thegor 4 [criteria], but in

most of the cases, these 4 criteria are used.” ML2

5.3.2.11 Criteria establishment

According to the procurement regulations, criteie&d to be established. The
criteria is identified and informed before any phasing is done. For instance, a BEC

member stated:

“Points are allocated for price, duration and eigere too. The Public

Finance Act says to use these criteria. Need torerizefore ordering.” ML2

Specific criteria are identified and establisheddohon the needs of the
particular procurement. In addition, the situatiwhere procurement is needed is

considered in establishing the criteria. A BEC membentioned this as follows:

“Criteria are established based on the work an@san analysis.” DL2

For instance, if classroom repair work is to be plated before the end of
the school holidays, having the time to complet work is highly important as it
would disrupt the classes during school dayswfete to take place then.

“Duration is highly considered when the work ne¢dse done in a short
period of time. In some projects we may not assesscomponent. But it
(duration) is considered for all the work which dedo be done during the
school annual holidays. Some jobs are given aniple to be done to higher

guality standards.” DL3
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5.3.2.12 Allocation of criteria and weights

The allocation of criteria and their weights areptised, based on the need.
A highly important criterion for a particular praemment could be preceded by
another criterion in a different procurement situat As such, one of the focus

groups of a school stated:

“Compared to price, quality, duration, if thereléss time [to get the job
done], priority is given to duration. Otherwiseniay cause disruption to the

education of many students.” DL2

For instance, if the institution had no urgencyptocure a certain item, the
allocation of weights to duration of delivery whke lower. More weights may be
allocated to other important criteria.

The highest priority is usually given to the cobtlee item by allocating the
highest weight to the cost criteria. However, ischool situation it is common to
give almost equally higher priority to the duratioindelivery and cost.

“If we need the item to be delivered urgently, edlted points for delivery can
be almost equal to that of cost. Otherwise if weehenough time, we do not

allocate higher weight to the item.” ML2

“There may not be a standard to allocate weightee fiorm is as DL2
mentioned, since we are a school we have a lintitegl to get the work done.

So we pay attention to duration.” DL1

The allocation of criteria and its weights is algdfluenced by past
experiences of similar procurements. For instaiicippliers get an advantage from
putting more weights on duration, but cannot delwghin the required time-frame,
the weight for the duration may be reduced nexe tiar similar procurement. On the
other hand, the weights can be increased basedhensuppliers’ expected
performances on the criteria for a similar procugam As such, a BEC member

stated:
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“Before it comes to evaluation, during informatisessions it will be thought
out. For instance, we may have had a bad experianih duration. The
winning bidder for a job may have had a short donator the job and could
not deliver within the time. Next time, we will kmothat we need to allocate
less weight to the duration for such jobs. Simyiabased on our experiences,

weights increase for other criteria.” IL3

5.4  Bidding process: requirements and constraints

Bidding process involves several constraints arguirements that would
influence the supplier selection in public sectavgurement. The requirements and

constraints are grouped into three sub-categagshown in Figure 6.3.

Bidding

Process

Pre-bid Meeting Ir’?f(cj)(il:r:(;?i?)ln Bid Submission

Figure 5.3: Sub-categories of bidding process

The sub-categories are pre-bid meeting, additiofornmation and bid
submission. The following sections will discuss tfiedings in the three sub-

categories in details.

5.4.1 Pre-bid meeting

A pre-bid meeting is compulsory for public sectamstitutions for
procurements that exceed the cost limit of MVR28,00hich is where the study is

focused. It has been confirmed in the focus groap$ollows.
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“It is an obligation to have a pre-bid meeting lietvalue is more than
MVR25,000.” ML2

The pre-bid meeting is announced through the itigitafor bids (IFB) in
public. The date, time and place of the pre-bid tingeare stated in the same

announcement.

“Public announcement made for the bids will haspecified date and time

for an information session.” ML2

There are several constraints and requirements vathted to pre-bid
meeting during the bidding process. The followingb-sections discuss the

constraints and requirements.

5.4.1.1 Announcement of pre-bid meeting

The announcement of a pre-bid meeting is impofftanthe potential bidders
to attend and receive information on the speciffocprement. The pre-bid

announcement goes together in the same announcém&nB.

As mentioned by participants, “at first it is pudaily announced” (DL2) and
the “public announcement made for the bids willhavspecified date and time for
an information session” (ML2). Additionally, thellowing statements were made

during the focus groups.

“First it is announced and when information is pded, it will state the
point allocation standard. Points are allocatectingly. [The winner is]

the bidder who gets the maximum points.” IL3
“An announcement will state a time for informatisession, right? We have

only small jobs which could be managed internafip. information sheet

with the details is provided to attendees of thierimation session.” IL4
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IBF for every procurement is specific to a partasubroduct(s) or service(s).
The bids will be accepted for only those stated andtated. For instance, a member
of BEC stated:

“An announcement is made for specific jobs. Itetaie want these jobs to
be done and bid submissions are open only for tjudese First it will be an

invitation to attend information session.” DL1

5.4.1.2 Compulsory pre-bid meeting

It is compulsory to have a pre-bid meeting accaydio Public Finance

Regulation and also reconfirmed in focus groups.

“It is an obligation to have a pre-bid meeting lietvalue is more than
MVR25,000.” ML2

A pre-bid meeting is also crucial because the mlewnformation about the
procurement is provided during the meeting. Failtoggive the information to

potential bidders may mean good proposals to tstéution being lost.

“A pre-bid meeting is compulsory. That is the timérmation is provided.

Otherwise it is missed.” IL3
It is also generally accepted among BEC members ihathe public
announcement for bids are done, then it is theorespility of the institution to

provide information to potential bidders about pinecurement.

“Yes, if we announce for bids, we have to have ittfermation session”
DL1 & DL2
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5.4.1.3 Provision of specification

Specification of the procurement is given during gne-bid meeting. Usually
“an information sheet is provided during the [prd}bmeeting” (ML2) with
specifications including the details of the prodsicbor service(s) required, with the

guantity needed. For instance a BEC member mertione

“When information is provided, the information sheell have criteria and

specific details of the work to be done.” DL1

During the pre-bid meeting, required informationthwidetails for the
procurement are discussed and provided to thedattés in writing. Three BEC

members in a group explained it as follows.

“The information is provided in writing” DL1 & DL2:Both verbal and
written” DL3. “Explained verbally and given in wirig.” DL1

It has always been the case that, if a public secstitution announces for a
bid then an information sheet is provided to theeptal bidders.

“If we announce for bids, we provide an informatgireet.” DL1 & DL2

“An information sheet with the details is providéd attendees of the

information session.” IL4

5.4.1.4 Provision of marking criteria

A set of marking criteria is also provided duririge tpre-bid meeting. This
specifically states the evaluation criteria and irthallocated weights. This

information is also provided in writing to the attkees of the pre-bid meeting.

“The information sheet will have marking criterit. states the allocated

points for price, allocated points for deliverydamow many points for their
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[suppliers’] experience. In some cases there dreratllocated points. Point
allocation standards should be stated in the irddion sheet. [...] The
information sheet should state how (many) pointeigims) are allocated
(for each criteria) for marking. [...] That [markjrcriteria] is provided with

the information sheet during the information sessino the same day.” ML2

According to a BEC member “previously the [bid] anncement was with
marking criteria but now it is not provided withettannouncement but with the

provision of information.” (IL3).

Provision of marking criteria with the informatiosheet is the custom

followed now. It has been stated by members of Bia@

“A set of criteria is given while providing inforrtian [on specification]

saying that those criteria are the ones to be tmenharking. It is given to

them [attendees of pre-bid meeting]. Evaluatiobased on it [given set of
criteria).” DL1

“We must provide [marking criteria] in the inforn@t sheet when we
provide information.” DL1 & DL2

“First it is announced and, when information is\pded, it will state the
point allocation standard. Points are allocatectingly. [The winner is]

the bidder who gets the maximum points.” IL3

5.4.1.5 Recoding of pre-bid meeting attendants

Pre-bid meeting attendants are recorded, as in sases bids are accepted
only from the potential bidders who attend the Ipice-meeting. There are some
practical reasons for the BEC to record pre-bid tmgeattendants, which was

explained by a BEC member as follows:

“Without attending the information session, whenmsone takes the

information sheet to a bidder, based on that, theke did not attend
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information session submit bids. After winning thid, they may say that we
were not clear about it. Therefore, we a havetafiattendees to the pre-bid

information session.” DL2

The pre-bid meeting attendees list “have name,asiga and time” (DL1 &
DL3).

5.4.1.6 On the spot information provided

During the pre-bid meeting queries from attendeesaamswered during the
meeting. This is the opportunity for potential bedsl to get further clarification on
the procurement. For instance, a member of BE@dtat

“They will get the opportunity to get answers foisonderstood information.
They will also be given the opportunity to ask &mtditional information or

guestions. That is how it goes.” DL3

If the answers to the queries are not readily abésl the public sector
department provides the information later after theeting, when the requested
information is gathered. This was confirmed by &CBEmember:

“Questions raised in the information session wdldnswered at the time. If
answers are not available, they are provided laigher by email or by
phone.” ML2

5.4.1.7 Specialised information

The public sector department responsible for prma@nt brings the people
who request the item or service to a pre-bid mgetin provide specialised

information about the particular procurement togptial bidders.
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“The procurement unit handles jobs for many diffe¢reections. Therefore,
in the pre-bid session a person from the requedgedrtment will attend to

provide information.” ML2

The procurement staff are generally capable of ighog information on
procurement to bidders. These staff have experienbandling procurement in the
education sector. However, for specialised prodactservices, people with the
knowledge of the products and services are broughtto provide specific

information to potential bidders. A member of tbeus group stated:

“Some of them (procurement staff), by experien@xehgood knowledge to
provide information to bidders. However, for IT, Wweng a person from the

IT section because IT is critical.” ML2

5.4.1.8 Explanation of calculations

For some cases, calculations used in the evaluptioress are explained to
potential bidders during the pre-bid meeting. BEQ@eets that the bidders would
know how the calculations are done. The followitajements were made during the

focus groups:

“Sometimes (calculation) are also explained. Gelyelbeédders know how it

is calculated [...]. [calculations are] explainadety.” ML2

How the calculations are done was explained tordsearcher during the
focus group discussions by showing examples fronevipusly evaluated
procurement results. However, generally this exgtian is not provided to potential
bidders during the pre-bid meeting, mainly for threasons. Firstly, BEC believes
that procurement is a routine job and the potebigders would have the experience
to know how evaluations are done. Secondly, pakhidders do not usually ask for
an explanation of the calculations for evaluatingsbduring the pre-bid meeting.

Finally, potential bidders do not complain about rexeiving information on how

117



the calculations are to be done. A set of focusignmembers jointly explained the

issue, as follows:

“We don't really explain how the calculations amné. Marking criteria is
there, but how the calculations carried out aré batl. “We assume that
they know how the calculations are done.” DL1 & DESince it is routine

and it is seen in papers.” DL1

Additional explanations were provided by anotheutgroup, thus:

“How the calculations are done is not explainedsash [in the pre-bid
meeting]. Attendees of the information session tdovdke any complaints
about it [not explaining how calculations are dord] of them will see the
prices and other information submitted. When theg, sthey don't ask
guestions about it. So we also don't explain [dataans]. But if anyone
complains we will provide that information. They wd know how

calculations are done. Everybody does these céilmugain the same way.”
IL3

However if any bidder wants to see the calculatiafter evaluation, the
public sector department shows it. But educatiartosanstitutions do not face the

issue commonly. For instance, a focus group meistiaged:

“After evaluation, if bidders want to see the cédtions, we provide it.” IL3

“But hardly, anybody wants it.” IL4

5.4.2 Additional information

After the pre-bid meeting, there is still provisitam additional information to
bidders, if there are issues which need to be etedefore bidding. In addition,
bidders are also requested to submit additionarinétion to support their bid,
including any documentation that would count asdemnce of their performance
towards the bid.
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The additional information is exchanged througheddnt means. However,
care is taken to adhere to the laws and regulatbpsiblic sector procurement, such
as provision of the same information to all theeptial bidders. As such a BEC

member mentioned:

“In addition to pre-bid meeting, information is pided through different

means. But we have standard regulations to folld”

5.4.2.1 Request to submit all documents

For the advantage of bidders and to check for ewxieeof supplier by
evaluators, the potential bidders are informed ubnst all relevant documents
related to the bid which could help the biddergam even the slightest evidence of

their performances.

“During information session bidders are requested submit every

document to support the bid.” DL1

Submission of the all relevant documents would cedthe time taken to
evaluate the performance of the bidders as thesehmaeliable evidence from the
documents submitted. In addition, this will hel thidders to gain marks for their

performances, if any document gets counted by\hkiators.

5.4.2.2 Information through email and telephone

Additional information after the pre-bid meeting generally provided
through email or telephone. Some cases, informetklephone and specific details

are emailed to the potential bidders.

“Questions raised in the information session wdldnswered at the time. If
answers are not available, they are provided laigher by email or by
phone.” ML2
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In the case of informing by telephone, procurensrhinistrative staff call
all the potentials bidders who attended the pddicpre-bid meeting and provide
identical information to all. The other case, wheforming by email, procurement
administrative staff send same email to all theeptals bidders who attended the

particular pre-bid meeting with the information.

5.4.3 Bid submission

Bid submission is done according to the initial @mmcement on the specific
data and time by the bidders. The bids are opentitt @ame time at the presence of
the bidders.

“In the presence of all the bidders, bids are remkiand the submission
sheet is signed by all the bidders and a photoodplye sheet is provided to
every bidder.” ML2

All the bids are verified for acceptance. At firgtstated initially, bids are
verified to see if the bids are from the same hisldeho attended the pre-bid
information session for the particular bid. Suctisbivhich require pre-bid attendance
must have the bidders attendance recorded in tleebigr attendance sheet.

Otherwise, the bid will not be accepted as explkhinelow by a member of BEC.

“Therefore, we have list of attendees to the prehbiormation session. We

accept bids from them.” DL2

The basic details of the bids are recorded duriith dubmission in the
presence of all the bidders. The details involve@af supplier, contact details, cost,
and duration of the supply. This record is signgdcebery bidder and a copy of the
sheet is provided to all bidders.
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“On the day (when bids are submitted) qualifiedshidth their figures [cost
and duration] are given to all the bidders. So tkegw who will probably
win.” ML4

According to the BEC, based on the basic performandormation,
especially cost and duration, bidders are normathhe to estimate who will win the
bid.

5.5 Evaluation process: requirements and constraist

The bid evaluation process also involves sevenastraints and requirements
that would influence supplier selection in publaueation sector procurement. The
requirements and constraints are grouped intosiilecategories, as shown in Figure
6.4.

Evaluation

Process

Evaluation . . , . Use of other
Analysis Awarding Bidders' Complaint MCDA Methods

(]

Expected Method

Figure 5.4: Sub-categories of evaluation process
The sub-categories are evaluation analysis, awgrdiidders’ complaints,

use of other MCDA methods and expected method. féhewing sections will

discuss the findings in the three sub-categorietetails.
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5.5.1 Evaluation analysis

One of the important functions of public sectorqunement is bid evaluation.
Therefore, the bid evaluation analysis is a deditaand professional exercise
abiding by the procurement laws and regulationssdah, the evaluation has several
constraints and requirements in the public educasector procurement. For
instance, to evaluate a public education sectqgrtba&te is a need for a minimum set
number of BEC members during the evaluation amaly8iccording to a BEC
member, "three people need to evaluate” (ML2) tkds.bMore constraints and

requirements in evaluation analysis are discugséuki following sub-sections.

5.5.1.1 Required minimum members

There is a requirement to have a minimum numbenefbers to evaluate

bids. This was explained by a member of BEC agyl

“Three people need to evaluate.” ML2

The bid evaluation requires a minimum of three mermmbon the bid
evaluation committee. These BEC members are expmd senior staff from the

public sector.

5.5.1.2 Basis for evaluation

The basis for evaluation solely depends on thermmétion provided in the
pre-bid meeting.

“[evaluation is] based on provided information dgyithe information
session. Based on the provided information, sonestireven a higher cost

bid can win.” IL3
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The information session provides the specificafimnthe procurement and
evaluation criteria for selection. The criteria yided in the pre-bid meeting to the

potential bidders are always the basis for evalnatif the particular procurement.

“A set of criteria is given while providing inforrtian [on specification]

saying that those criteria are the ones to be tmenharking. It is given to

them [attendees of pre-bid meeting]. Evaluatiobased on it [given set of
criteria).” DL1

Therefore, the evaluation analysis requires cordirom that it is done
according to the evaluation criteria provided t@ thidders during the pre-bid

information session.

5.5.1.3 Verification of suppliers’ proposal

There is a thorough process of verifying of suppligproposal. Sometimes
the bidders are contacted to ask for additionalfigation. For instance, “when
lowest cost bidders are to be awarded, the boa&LC[Bvill check whether they can
do the job” (ML2) and “sometimes calls are madéditiders to verify whether they
can do [the job], while the board [BEC] is in sigf (ML3).

Important information related to the evaluationtesia is checked against
suppliers’ performances. Internal estimation of ¢bet, duration and other relevant
criteria for the particular procurement are undestain order to compare the same in

proposed bid. A focus group member stated theviatig.

“Sometimes, when we announce for bids to paintotliter walls of this big
school, we get bids priced for MVR5000. Paintiniggabund the fence of the
school [repeated with sarcastic expression to shawit is impossible to do
the job for the said cost]. So we check for thekatprice of the paint and
other items required. When we work it out MVR50@0niot enough for a

single wall. So the committee analyses these istue®rify whether the
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work could be done [by the bidder]. We assess amilork done by the
bidders in other places to check for their quadityvork.” DL2

BEC considers that there could be unrealistic psajto win the bid. As
such the bids are analysed for the possibilityulfiling the requirements based on
the proposed figures. A set of examples illusttaby BEC members are stated

bellow:

“Some bidders put a shorter duration, unrealistiorqtion], to win the bid.
[Bidders are] trying to win [the bid] by allocatirgorter duration to finish
the work. We analyse whether it is possible tosfinihe work for the said

period of time. All committee members analyse dmhtdecide on it.” DL2

“The price of shifting a container [full of goodshay be stated as
MRV9000, but based on the committee analysis wet diod it possible. If

the price is too low we ask before [awarding].” ML2

However, when it comes to beneficial attributessoppliers, evaluation is
based on the submitted documents by the bidderthdéoparticular procurement. For
instance, some of the suppliers are well known BBGs have some knowledge of
the suppliers’ experiences. However, the experemdethe suppliers are based on
the documents submitted by the supplier for the &sdmentioned below by a BEC

member.

“Then we look for experience, right? In everyddg,lwe also know some of

them. But experience of the bidder is based on #tdmmdocumented

evidences” IL3

5.5.1.4 Evaluation of suppliers’ previous jobs

Bidders’ previous jobs done for the institution anbers are evaluated during

the evaluation process. Similar jobs to the proggs®curement executed by the
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bidders are checked for quality, delivery and athepbissues with relate to the job.
With regard to the same, a member of BEC statddllasvs:

“We assess similar work done by the bidders in roflaces to check for

their quality of work.” DL2

The past performance of the suppliers on similas jaffects the marks that
they gain. If the bidders have a good performamm®rd from other customers
based on the evaluation, the bidders would getbetarks. Otherwise, the marks
would be reduced relatively. Two members of a fagumip jointly explain the issue

as follows:

“Previous jobs are considered in evaluation” DLRased on previous work,
there may be reduced points [for the bidder]. Sumfcerns are considered
by us” DL3

In addition to this, every job carried out by thgpglier to the specific public
sector institution, whether similar or unrelatesl,considered in evaluation. The

BEC takes note of the suppliers who have misledn$igution in previous cases.

“We take note of suppliers who misled us too. {veg look into the bidders'
previous level of performances for us, if they haver done any job for us.
If it is bad, it will be considered.” DL3

Past experiences of suppliers to the particuldititi®n also affect the marks
the supplier gets. In particular, suppliers witha history with the institution get

lower marks.

5.5.1.5 Evaluation of support documents

BEC evaluates the support documents submitted dglebs. The support
document is the primary source of information talaate the bidders for a particular

procurement. Fundamental documents, such as @ofifethe companies, audit
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reports, the documents showing the resources of bidders are studied for
evaluation. For instance, a member of BEC stated:

“In first attempt we check company profiles, audports and their tools and
so on.” DL2

Studying the basic documents helps the bid evaisidim understand the
bidders better and gain knowledge of the credybaind capability of the bidders in
general. The information that is required to sukfori any bid must be provided by
the bidders. The completeness of the bid is verifa evaluation according to the

information provided in the pre-bid meeting.

“Bids will be checked for the presence of all reqdi documents. If the
documents are not complete [in a bid], the bid Wl disqualified” DL1 &
DL2

These documents are very important for evaluatsimge the allocation of
marks is based on the documents provided afteficagron. For instance, a member
of BEC mentioned that even if they know the bidglerapability personally, they
would still require the proof of documents, in artle allocate marks to the bidder. A

BEC member stated:

“... In everyday life, we also know some of them. Bevaluation of the]

experience of the bidder is based on submittedrdeated evidences.” IL3

5.5.1.6 Importance of acceptable price

In bid evaluation BEC gives importance to accemapfice. “Generally
[bids] are awarded to the lowest bidder” (ML2). 8 because, most of the time, a
higher priority is given to the cost criteria ardis allocated more weight. The

provision of priority to price was stated in a fsagroup as follows:
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“Yes, not to the cheapest bid. But price takes &igdpunk [of points]. When
points are allocated, price is given a higher gyoriL3 &IL4

Even if the price is given a higher priority in maosf the cases, BEC
compares the bid price to the procurement annoyncese if it could be done with
the proposed cost. The comparison of the pricéear¢al job was stated in a focus

group as follows:

“We verify the price of the job, and check whetliee job could be done
with the stated cost [by the bidder] or not.” ML2

Based on the comparative analysis of the bid gociae BEC's estimate, if
the bid price looks unrealistic the bid is not ashet to the bidder. However, a higher
cost bidder may win the bid, as it is competitivedding. The competitive bidding

approach where lowest bid does not win was expdalryea focus group as follows:

“There are cases we don't award to the lowest pboie to the most
competitive bidder. It is done when we see theepoicthe lowest cost bid is

too low to complete the job.” ML2

Therefore, the lowest price bid is not necessahniéywinning bid, as the BEC
checks for the acceptable price during the evahutidt could be the case that the
product or service proposed by the lower pricedrbady not be the best expected
product or service the institution is looking fam. that case, evaluators look for a

suitable product or services rather than the Iqwiee as sated bellow.

“The lowest cost bidder is not taken [for grantddpst important is to look
for acceptable price. For instance, a cheaper laig Inave an item that may

not well fit the purpose. In such cases we canaosider it”. DL1
For all such cases, BEC members who take part enetlolution of the

particular bid analyse it and a collective decigemtaken on the matter. For instance,

an illustration of such a case was stated by a reeitBEC as follows:
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“Some bidders put a shorter duration, unrealigtiordtion], to win the bid.
[Bidders are] trying to win [the bid] by allocatirglorter duration to finish
the work. We analyse whether it is possible tosfinihe work for the said
period of time. All committee members analyse amehtdecide on it. It is

the same for price too.” DL2

5.5.1.7 Evaluation of suppliers' performance

Evaluation of suppliers’ performance is one of thest important
requirements in the bid evaluation process. Isguesultiple angles are considered
in the evolution. Performance of suppliers for gvevaluation criterion provided

initially for the procurement is assessed to aliocppoints to the suppliers’ bid.

“Based on delivery, experience and financial cagathe higher cost bid
may gain more points. But lower cost bidder wilt geggher marks for the

cost criteria.” ML3

“Mainly, price, duration and experience are evedda (IL4) as they are the
generic criteria for most public sector procuremselut if there are other criteria,
then they will be evaluated as well according BEEC member, as stated below.

“... But price is not only the criteria, there arevesal other criteria. All
those criteria are considered and the bid whick tet maximum marks is
offered [the job].” DL1

However, most importance is given to the priceecid For different
procurements, for instance repair jobs, the catare different and the public sector
institutions do considerable background checks plerformance evaluation, as a

member of BEC mentioned.

“Most consideration is given to price. Cheap, Idokthe cheapest. But for
repair jobs, several things are considered: thehmary used, the number of
workers, and some information is collected by ccintg other parties, like

the bidder’s previous performance, and whethebitiéer has misled others,
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etc. Such hidden agendas are there too. Bidders elqrect that we would

gather that information. But we do. We check fatders who cheat. We

had a loss in the year before previous year (2syback) when the bidders
left without fixing the doors. Still the doors amet fixed. Chairs are not

supplied. So these [issues] are considered pasritor the second attempt
[bid evaluation].” DL3

In addition to background check on suppliers, tiadiity of the bid proposal

is also assessed, as mentioned before. For instameember of BEC stated:

“Sometimes, when we announce for bids to paintotiter walls of this big
school, we get bids priced for MVR5000. Paintiniggabund the fence of the
school [repeated with sarcastic expression to shawit is impossible to do
the job for the said cost]. So we check for thekatprice of the paint and
other items required. When we work it out MVR50@0niot enough for a
single wall. So the committee analyses these istue®rify whether the
work could be done [by the bidder]. We assess aimilork done by the
bidders in other places to check for their qualityvork.” DL2

Similar to price, experience of the supplier isoalsonsidered during
performance evaluation. The quality of work is aleealuated, based on the

experience of the supplier, as stated by a menfi®EG, as follows:

“As such [we] give higher importance to biddergpesence. Need to think

about quality of work. Based on experience, italeated.” DL1

BEC also evaluates suppliers experience in handdinglar jobs to the
procurement. To explain the scenario, a BEC menprerided the following

illustration:

“For instance, we wanted plastic chairs. We mayehawidder who has no
experience in working with [supplying] plastic cigiSo they will get zero
[marks on experience]. Even if their cost is thedst, another bidder may

win by gaining points [from other than cost].” ML2
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As mentioned above by the BEC member, a supplier ads no experience
in the expected procurement field would get no mddt their experience for that

particular procurement.

5.5.1.8 Marks allocation

Marks allocation is critical to the evaluation pess too. The marks are
allocated based on the criteria and weights pravidigring the pre-bid meeting in
relation to the performances of suppliers for tlegtipular bid. The aggregated
marks for all the criteria give the final value fevery bid. The bid with the highest
aggregated marks wins the procurement. This waBrowd by a member of focus

group as follows.

“First it is announced and when information is pded, it will state the
point allocation standard. Points are allocatedtingly. [The winner is]

the bidder who gets the maximum points.” IL3

For the input criteria, such as cost, where th@etars to reduce the
performance value of the supplier, the highest smae allocated to the bid with
lowest value on the specific input criteria. Thghast mark is the pre-set maximum
weight for the specific criteria for the particularocurement. The following

statements by a focus group member provide ariréitisn of marks allocation:

“It is the same case for duration too. For instanee have bids with
duration of delivery within 20 days, 15 days andddys. So the shortest
period will get the highest marks. Bids are awardeded on the total

calculated by addition of all such marks.” DL2
Another illustration of the marks allocation wayided during the focus

group interview by a BEC member pointing to a poegly evaluated marks sheet, as

follows:
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“For instance, this bidder states 5 days to delitlee other 7 days. The

shortest period will get the best marks.” ML2

For the output criteria, such as warrantee peneldere the target is to
maximise the suppliers’ performance value, the ésgimarks are allocated to the bid
with the highest performance value of the outputeda. Similar to the input
criteria, the maximum marks will be the pre-all@zhiveight for the output criteria

for the particular procurement.

For quantitative input criteria, such as cost, aration of delivery, the
suppliers will get some marks in proportion to thperformance values on the
criteria. The highest mark for every quantitativetecion will be for the highest
performing supplier for that criterion. The worstrforming supplier for the criterion
will not get zero but a mark in relation to theierfprmance. This proportional

allocation of marks was explained by a member o€Bis follows:

“For instance, if the total marks for price is 3¢ lowest cost bid will get
35 marks for the price. Others will get lesser mdsised on the proportion.
No bid gets zero, because it is proportional tarstted price. For instance,
the highest cost bid may get 7.” DL2

Another focus group illustrated the same propodiiby, as follows.

“Submitted price and other criteria are evaluatedallocated points. If
MVR1000 and MVR500 are there, then the one with NbGR will be in the
first position. Based on the calculations, ther# e marks for it [highest
cost]. However, highest marks will be for the orithi1VR500.” IL3

However, the application of proportionality to therst case is different for
quantitative output criteria compared to quanti&tinput criteria. For quantitative
output criteria, such as the warrantee period, lgensp experience, the bidders will
get no marks if the performance values on the r@itare nil. This situation was

explained by a BEC member as follows:
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“For instance, we wanted plastic chairs. We mayehawidder who has no
experience in working with [supplying] plastic ctgiSo they will get zero

[marks on experience].” ML2

5.5.1.9 Use of technical expertise

BEC use technical expertise during the evaluatioprocurements that need
technical guidance. BEC members may not have kragelén every technical field
where procurement is required. As such, for theeb@mluation for technical products
or services, relevant technical people are broughd advise, during the evaluation

process. The use of technical advice was illusirbtea member of BEC as follows:

“For instance, when buying computers, there willapelT person in the bid

committee. [Bids are] evaluated based on the I'§qes advice” ML2

For instance, the IT person would provide the tesdinnformation for the
specification provided by bidders. The advice cduddinformative, like the effects

on changes in certain elements of the specificatitom different suppliers.

5.5.1.10 Check for standard specification

It is important to purchase the item intended begho. Therefore, during the
bid evaluation process, all bids are checked ag#esgiven specification for the
procurement. If the specification mentions evermm@monent standard, that will still
be checked. A member of BEC explained this asvialo

"Some products have specific standards. If it istastandard, marks are
allocated. [...] At first we check if it fits to ouprovided criteria
(specification). For instance, there may be an itequested with standard
992 [...] if the item fits the standard, it is fifer us.” ML2
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Irrespective of other criteria, such as cost, ewsgscification provided, such
as expected quality, should be met with a proptsedh order to select the bid. If a
supplier's proposal does not meet the specificatioen it cannot be considered the
item requested. The importance of the specificaivas illustrated by a member of

BEC as follows:

“If we bring something, check for quality, we check alignment with our
spec [...]. For instance, a supplier whose deliverfastest may not meet our
spec. But the highest cost bid may exactly meetspec. In such cases, we

go for the one which meets the spec.” ML1

Another member of the same focus group added aniitinstrated example,

as follows:

“To illustrate, if we get a short-sleeved shirt wheve announced [the
requirement] for a long-sleeved shirt, will not fime. We have specific

requirements.” ML2

In the case of quantity, when the bidders offerngity discounts for bulk
buying, still the BEC cannot consider the quantitycounts by purchasing more
than the specified amount, even if it is highly ashageous, because of the need to
align with the requirement specifications announicéiiblly. Bids are "evaluated as
the prescribed requirements given in the infornmagession” (IL4). A member of

BEC explained it as follows:

“An announcement should be followed, right? Fotanse announcement is
for 100 chairs. So we have to follow that requiratrgiven. Otherwise, it is

a change. It never happens.” DL1

Another focus group mentioned the similar situatwhere they cannot

change the quantity announced for procurement!svigi

“In that case, if we announce and buy 100 chaex) twe can buy only 100

chairs, even if we get cheaper by buying 150. If went, we need to
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announce again for 150 chairs. We cannot changedpnounced quantity]”
IL3

5.5.1.11 Evaluate every criterion independently

BEC evaluates every criterion independently. Ongerdon should not
influence the other criterion’s evaluation. Theapdndence of criteria in evaluation

was discussed in a focus group as follows:

“Every criterion is evaluated on its own. No infhwe to one criterion from
other criteria [are allowed] to allocate marks.” ML

“Each and every criterion is evaluated indepengentlisolation [from other
criteria].” ML2

For instance, it could be generally expected tingitdr quality comes with a
higher price “but marks for quality will not be inénced by the price” (IL2) of a bid.
Further confirmation of the independence of criten evaluation was provided by

another member of the BEC thus:

“Each criterion gets its own points. Nothing elsg other criteria is
influenced by it” IL3

The “evaluation is based on the submitted inforarafor the specific bid”
(DL2). No case-based reasoning is used or acceptAbihember of BEC stated this
point thus:

“No marks differentiation can be done based oniptevbids [no case based
reasoning]. Information is provided with that urgtanding. We have to
evaluate all the criteria and cannot put aside somg. But if there are

inappropriate issues and if there are warningseissa the bidder, it may be

considered, otherwise the announcement is followWeda.
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No marks are allocated to a particular supplierelasn previous cases of
experience by the public sector institution. Howewthe previous experiences are
used to set criteria and its weights as descrilimd/ea with regard to allocation of

criteria and weights.

5.5.1.12 Evaluate all criteria

It is compulsory for BEC to evaluate all the ciidemprovided for the
particular procurement. A member of BEC statedstame at different times of the

focus group interview, as follows:

“All the criteria are evaluated.” ML2
“The committee checks all the areas.” ML2

“Each and every criterion is evaluated.” ML2

Similar expressions were made in other focus groBpme of the statements
from other BEC members are as follows:

“Everything needs to be evaluated.” DL2

“Every criterion of everything (bids) needs to haleated.” DL1 & DL2

The only case where any criteria are not evaluséedhen the bid is not
submitted according to the information provided.t Ban incomplete bid gets

rejected, according to a BEC member:

“If a bid is not submitted with requested infornaatj then it will be

disqualified. Otherwise everything will be evaluhtdL3

There are cases where BEC feels that it is wodhitegvaluate the bid due to
poor supplier performance values in the proposaltie evaluation criteria. It is
because in any case the bidder would not win. Hewesuch bids also need to be

evaluated by the BEC. This compulsory evaluatioralbfthe criteria, even when
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supplier performances are below expectation, idagx@d by a member of BEC as

follows:

“We have to evaluate every criterion for every bietven if the supplier

submits unreasonable value, the bid should be atedd ML2

5.5.1.13 No ranking

Ranking methods are not practiced in public sgatocurement. Rather than
ranking, a relative proportional value for the digfs performance against the

criteria is given in bid evaluation. Some of the@Bembers commented on this:

“The committee checks all the areas. [We] cannotaahking [in evaluation
of criteria].” ML2

“We cannot even do ranking [within a criteria]."AL

“Based on suppliers' submitted values for a coterive cannot position it

by giving first, second and third.” DL2. “Yes [igeeement]” DL1

However, ranking can be used when only one evalatiiterion is used for
the procurement because, even after allocatingivelanarks for a single criterion,
the selection results will be the same as a rankihg use of ranking could even be

the case previously, when one criterion is usedraotg to a BEC member:

“Ranking may have used earlier when only cost @oikeis used but not

anymore. Even now, price is a criteria but ranksgot used.” IL3

In addition to the rejection of ranking criteriaputanking is also not
acceptable in public sector procurement. Three BiEgInbers from distinct focus
groups mentioned the following disagreements reggrdoutranking in the

evaluation of procurement.
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“No outranking also used. If they meet all the anid, we cannot do
outranking. We follow our procedures of marking-3I

“No outranking. Evaluation is done proportionataliahe criteria.” DL1
“[Outranking] cannot be used. Everything needsd@baluated.” DL2

As seen above the BECs felt that one of the majociples of public sector

procurement, proportionality, is not fully guaraedan outranking.

5.5.1.14 No pair-wise comparison

Comparing the performance of a criterion of onep#iep to the same
criterion of another supplier in relation to magdkcation is also not considered in
public sector procurement by BECs. When asked iifywse comparison could be
used in bid evaluation, a member of BEC rejectesl ghir-wise comparison by

stating the following.

“No, we cannot do pair wise comparison.” IL3

Pair-wise comparison can be time-consuming, esibpeciar qualitative
criteria, when BEC need to compare each and evairygb criteria. Based on the

number of bids under evaluation, timescale may t@evaluate the bids.

5.5.1.15 No changes to criteria and requirements

BECs cannot change the pre-announced evaluatiteriarand their weights
during evaluation. Once the criteria and weighésparblicly announced, this is fixed,

and no more changes can be made to the criteriavaigghts.
During a discussion about getting advantages fraitk buying, all the

members of a focus group together denied to halleduy advantages, even if the

option is available by saying “no bulk buy advamtdagould be taken]” (ML1, ML2
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& ML3). Further explanation was provided by a membé the same BEC, as

follows:

“We cannot change quantity by saying it will be aper. For instance, we
want 3000 chairs for 3 schools. The approval wdlfbr those 3 schools.
Based on future needs, if we have storage, inahg tun it is an advantage.
But when a bulk of money goes out, the governmeahteok to spread the

expenses because, finances are set and checkeatl’ance for monthly

basis.” ML2

As stated by the BEC member above, public secstitutions spend on pre-
approved budgets and any change would require peagl, which would again

take considerable amounts of time.

Apparently, all BECs believe that changing critearad requirements during
evaluation process would be violating procuremetdted regulations. Therefore,
even if the public sector institution benefits byanging the requirements during
evaluation, the change cannot be practiced. A fgcosp has explained the issue of
the change as follows:

“So far that never happens [changes in requirerheBtd, for instance, we
check what would happen if we were to buy 100 itenthe same. When
bidding is done, even if we need to bear a lossgeamtity discounts] there
is the Public Finance Act and Public Finance Regawvhich should not
be violated. If we take advantage of such discquiitsviolates the

regulations.” DL3. “Cannot do that” DL1, DL2 & DL3

Changing the number of items to be purchased duhegvaluation process
would be considered as ‘corruption’ according te BEC members. BEC members

stressed it as follows:

“Such increases [in number of items to be purchHaseduld be a
corruption.” DL2

“It is corruption. That is how it is considered.LD
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In an ultimate situation, if the public sector ihgion needs to change the
criteria or requirements, the whole procurementdeset® be cancelled and re-
announced with the correction. In this case, a ocemplete procurement procedure
will be followed. The cancellation of the particulbid also needs to be publicly

announced. A member of BEC mentioned the re-anreuant as follows:

“In that case, if we announce and buy 100 chdien twe can buy only 100
chairs, even if we get cheaper by buying 150. If went, we need to
announce again for 150 chairs. We cannot change-gpnounced

guantity].” IL3

5.5.1.16 Disqualifying bids

Bids are disqualified due to number of reasonspeafeer bids are submitted
and accepted. One of the major reasons is incoeplels, and missing required

documents. For instance, two members of a BECdstate

“Bids will be checked for the presence of all reqdi documents. If the
documents are not complete [in a bid], the bid dldisqualified.” DL1 &
DL2

In addition, a member of a different BEC mentioritd same issue of

incomplete bids rejection as follows:

“If a bid is not submitted with requested infornaaij then it will be
disqualified.” IL3

Furthermore, an illustration of rejection due tossmg documents was

provided by a member of another BEC in a diffesa@nario, as follows:

“If bids are not qualified, it can be disregardedr instance, when teachers

are recruited there is required information suchaie report.” ML2
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Another situation where bids are rejected is winenbtidder fails to attend the
pre-bid information session. Attendance at thelpdemeeting is necessary for some
procurement. For those procurements which requideles’ attendance for the
information session, and if a bidder has no reaoirchttendance to the pre-bid
meeting when the information session were heldpttdder’s bid will be cancelled.
The cancellation of bids due to failure of attermamt the pre-bid meeting was

stated by BEC members as follows:

“The jobs will not be awarded to those who did atiend the information
session, even though they submit the bids on fithey will be disqualified.
The bid announcement will state the same [that thidybe disqualified].”

DL1

“A bid is not awarded to bidders who did not attehe pre-bid information

session.” DL3

BECs keep records of attendance of pre-bid meetmgsder to verify the
bids with attendance. A member of BEC stated follsws:

"Therefore, we have list of attendees to the pdeiiiormation session. We

accept bids from them." DL2

Attendance at the pre-bid information sessiomigartant for some bids due
the nature of the work and the past experiencesuch work by public sector
institutions. It was noted that, in some casesraftinning the bid, the supplier
seemed to have inadequate information on procureragoirements. To avoid such
situations, the pre-bid meeting attendance is madenpulsory for some

procurements. The situation was illustrated bgcu$ group as follows:

“Without attending the information session, whenmesone takes the
information sheet to a bidder, based on that, theke did not attend
information session submit bids. After winning thid, they may say that we
were not clear about it ...” DL2. “That is why we giiglify bids when [the

bidder] has not attended the information sessibh.3
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In addition to the reasons for disqualifying bidscdssed above, there is an
extra ordinary case, when the bidder gets suspefrded further bidding to the
particular public sector institution for certainrjpel of time. Any bids made under
these conditions are rejected. Suspension occues \ahbidder rejects a bid after
winning and signing a contract. A member of BEC laxgd the suspension as

follows:

“[... suppliers] can withdraw their bid after biddingHowever, after
agreement, if they reject, the bid committee magpeand them for 6
months.” ML2

5.5.1.17 Showing calculations to bidders

Sometimes, after bid evaluation, calculations ef ¢valuation are shown to
the bidders. Showing calculations helps to preweisiconceptions by bidders with
regard to the bid evaluation. Usually, if a biddenot happy about the bid evaluation
the evaluation calculations are shown to the unhdgder, as explained by a BEC

member as follows.

“If someone is not happy, and wants to see [matksation], it can be

shown to them.” DL2

A similar explanation, as stated below, was prodjd@gether with other

BEC members, about showing calculations if the &iddants to verify it.

“If they [bidders] want to see, we show them theafiwritten decision”
DL2. “It is not provided to all bidders, but to diekrs who want to see.” DL1
& DL2

Showing the evaluated calculations to unhappy b&ldatisfies their doubts
about the evaluation. The calculation sheet wotlnxswhere they get less marks
and where other bidders have gained marks. Thigshi& minimise issues with
regard to the evaluation process as mentionedBEGmember below.
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“If they want to know why they did not win, we shawem marks sheet.
Then they know where their problem is.” ML2

In some of such cases, it is not even necessarghtov the evaluated
calculation. When explained to the bidders, theyulounderstand what their
problems are. A BEC member explained this as falow

“To illustrate, if we get a short-sleeved shirt wheve announced [the
requirement] for a long-sleeved shirt, will not fime. We have specific
requirements [...]. [When they do not win] theyync@mplain. In such cases

we do not show the evaluation sheet but explain Wwha happened.” ML2

However, it is very rare for bidders to come an# & bid evaluation
calculations. If ever any bidder requests it, wevslthe calculations to the bidder.
The BEC member stated that it is a rare case toestqfor bid evaluation

calculations, as follows:

“If bidders want [calculations done for evaluatipfwe] have to show them.
We show them this sheet [evaluated sheet]. Hardly ladder comes [to

check the evaluation sheet].” ML2

BEC assumes that, when the bidders know the pridedaration of the bids
submitted as it is provided during the bid subnoissithey would probably know
how the results will be, because bid evaluatiocudations are always carried out in
the same way.

“All of them will see the prices and other infornaat submitted [...]. But if
anyone complains we will provide that informatidiney would know how

calculations are done. Everybody does this calculab the same way.” IL3
The prior knowledge of evaluation calculations &rdters core performance

values, like price and duration could be the reasbg hardly any bidder requests

for final evaluated calculations of the bids.
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5.5.2 Awarding the bid

After selecting the bid based on the evaluatiorlyasmg the successful bidder
will be awarded the procurement. This award to dékected bidder also has some
constraints and requirements that have to be takenconsideration. Some of the
relevant constraints and requirements which haverged are discussed in the

following sub-sections.

5.5.2.1 Requires approval

Every public sector procurement bid proposal negedsse evaluated by the
required number of BEC members, as mentioned eaHiewever, this evaluation
analysis does not grant awarding the bid to thenarinThe BEC needs to approve

the winner who is identified through the evaluataalysis.

“Even after evaluation it cannot be awarded. [laswarded when decided by

the board, the procurement committee.” ML2

5.5.2.2 Confirmation and reason for selection

There is a responsibility on BEC on the confirmataf bids. Public sector
procurement needs BEC to select the winning bidsaaite the reason for selection in
writing. This sheet of information, showing seleati with reasons, needs be signed
by all members for of the BEC who attended the BieSsion to approve the bid.
This requirement for winner confirmation is expkdhby a BEC member as follows:

“[...] at the end of evaluation sheet there willdarritten section saying that,
based on the evaluation on all the aspects,dbelidder is this (hame the
bidder). Then all the attendees to the BEC sittifigsign on it.” ML2
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5.5.2.3 Informing bidders

One of the very important parts of public sectoogurement is the
announcement of the winner of the bid. When winnimdder is confirmed, the

winner is informed about the selection. For instarsecmember of BEC stated:

“When bid committee finish [evaluation and confitioa], we inform the
winning bidder that the bidder has won.” ML2

In addition to informing the successful winner, ucsessful bidders are also
informed about the selection. In order to informswecessful bidders, without
writing separate letters, the awarding letter ® winner is copied to all bidders in
the particular procurement, so that every biddemkwho has won. A member of

BEC explained:

“A letter of award is sent to the successful biddestead of sending
individual letter to unsuccessful bidders, the [adirag] letter is copied to
them.” ML2

5.5.3 Bidders’ complaints

It is common that bidders complain about the outahthe bid evaluation.
Some bidders complain to the public sector instituthat did the bid evaluation.
These complaints are dealt within that institutidqtowever, if the complaining
bidder is not happy with the outcome of the commtlathe bidder can take the
complaint to rightful other authorities. Biddersncand do complain directly to other
authorities which handle such complains. Most &f tiime, the bidders’ complaints
are received and investigated by the Anti-Corrupt@mmission (ACC) or by the
Courts. Some of the constraints and requirementis wegard to the bidders’

complaints are discussed in the following sub-sasti

144



5.5.3.1 Clarification to bidders

Clarification to the bidders regarding the procueein process can be
provided if a bidder requests it. Even if the biddeequest the procurement
evaluation marks sheet, it will be shown to theror istance, a member of BEC

stated:

“If bidders want [calculations done for evaluatippwe] have to show them.

We show them this sheet [evaluated sheet].” ML2

If ever a bidder is unhappy about the procurememtgss and the outcome of
the process, the bidder can request further atatibn of the process and the

clarifications are provided. A member of BEC mené&d the issue thus:

“If someone is not happy, and wants to see [matksadion], it can be
shown to them.” DL2

Providing clarification to the bidders helps to mmise acceleration of the

complaints to higher authorities. This was indidatg a member of BEC as follows.

“If they want to know why they did not win, we shawem marks sheet.

Then they know where their problem is.” ML2

5.5.3.2 Complaints to authorities

If bidders are not happy about any of the procurégnpeocesses of public
sector institutions, bidders can complain to remevauthorities. Most of the

complaints are due to losing bids.

“[---] They may think they are the lowest biddedamhy they did not win. In
that situation they complain.” ML2
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These complaints are usually submitted to ACC xasessed by members of
a BEC as follows:

"[They] go to anti-corruption [ACC]" ML2 and ML3

When complaints are submitted to ACC, it will berestigated by ACC.
Depending on the case, individual members of BEBEBC as a whole are also
called for further information by ACC during invegtion. A member of BEC

explained as follows:

“[Bidders] complain to anti-corruption commissionnda they [ACC]

investigate the case. We are also called for fuiitigguiry.” ML2

Complaints are even escaladed to court cases. drhplaints can be related
to any stage of procurement process. The complaiprocedure is open and
accessible to any bidder, by regulation. BEC fdbklt some of the complaints
submitted by the bidders are submitted without erigpunderstanding the situation.
BEC also feels that it would have been better ifCAGad accepted the complaints
after analysing the information. However, accordim@nti-Corruption Commission
Gaanoonu 200§]literally, Anti-Corruption Commission Act 20D&CC mandates
acceptance of any complaint against the publicosesten without proper evidence
("Anti-Corruption Commission Gaanoonu," 2008). Téfere, in current procedures,
anyone can submit any public sector complaint taCAThis issue was discussed by

a group of BEC members, as follows:

“We now even have a court case” (DL3). “It has heapmga recently too. But
it is rare” (DL1). “They complain, not only abouid bid evaluation stage,
but sometimes after the bid submission too they ptaim to the Anti-

Corruption Commission (ACC). The complaint proaedis accessible.
Everything is open through regulations. Sometimékaout proper analysis
they complain. On the other hand, the authority ¢ACwithout collecting

proper information, considers it to be a huge casgbody can complain
about anything. Even if they assume there could peoblem, they go and

complain.” DL3
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BEC also believes that there should be authortbeksten and investigate
bidders’ complaints. If any complaints are uphdlte procurement needs to be

cancelled and re-announced for bids. A group of 8Explained:

“Bidders complain. There should be an authoritflisten and investigate
their complaints too. If the authority says thaerthis a problem in the
evaluation, we have to cancel it and announce dg#ii3). “Bidders can go
to court too. They should be allowed to get theghts through all the

avenues available.” IL4

5.5.3.3 Misconceptions of bidders

There are misconceptions of bidders. For instaad@dder may believe that
the public sector bids are awarded to the lowest & suggested by a member of
BEC:

“Some of the bidders think that they should win whbe lowest price is

submitted by them. This is their misconception.”IDL

All the public sector bids are not specifically arded to lowest bid, even
though a higher priority is given to the pricenost cases. In addition, the duration
of delivery is allocated some marks as they aretit® compulsory criteria, by
regulation. Most public sector procurement caseslude more criteria for
evaluation. Therefore, after evaluation, a bid maye total marks which succeed the
lowest priced bid. This misconception was explairyda member of BEC as

follows:

“Such complaints are put forward for instance wtreir price is lower than
the price of the winning bid. But price is not ortlye criteria, there are
several other criteria. All those criteria are adased and the bid which gets
the maximum marks is offered [the job]. Possiblucts complains are

without proper consideration of the evaluation.”IDL
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5.5.4 Use of other MCDA methods

In terms of the MCDA method, BECs are currentlyngsweighted sum
method. No other methods have been tried in thiiatran of bids in the Maldivian
Public Sector. BECs assume that the weighted swwidaes accurate results for
evaluating best bid. BEC members, not normally destatisticians, are not always
aware that there are other more suitable methodsbib evaluation. Lack of
knowledge of other MCDA methods keeps BECs focuealy to the current

evaluation method.

When discussed about the using other MCDA methadsember of BEC
stated that “[that method] would provide nearly saene result” (ML3) as their own
approach. However, this was not the case. In timeesdiscussion another BEC
member stated a particular method could be usedvbutd not provide accurate

results as it would show only figures.

“Can be done, but may not be so accurate. This shitlw figures only.”
ML2

In the focus group when explained and asked atbmutuse of utility theory
methods, there was total silence. Then intervieemnmented just to break the
silence by saying that “it will be based on theomfiation sheet, right?”. Then a
member of the focus group said that “it will be éd®n the information provided”
(IL4). But no further discussion took place on athreethods.

5.5.5 Exceptions of evaluation method

BEC members have expectations and concerns almbevhiuation methods,

mainly related to strengthening fundamental prilespf public sector procurement.
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More details of the wishes for the evaluation aicussed in the following sub-

sections.

5.5.5.1 No discrimination in evaluation

According to BEC the evaluation method should rietmminate any bid or
criteria within the bid in evaluation. All the aiia of every bid should be evaluated
and deserved marks should be incorporated intauatiah. This was explained by

BEC members as follows:

“Every bid needs to be evaluated.” DL2

“For instance, two companies bid 4 days for duratamd 4 days is the
minimum duration. So both of the bidders will gét Roints, the maximum

allocated points.” ML3

BEC also believes that outranking could lose propoality and
proportionality should be maintained during the ladolution. For instance, a
member of BEC stated:

“No outranking. Evaluation is done proportionataliathe criteria.” DL1

Therefore, any evaluation method is expected tee hay discrimination of

bidders and criteria in evaluation.

5.5.5.2 Use of accurate method

Accuracy of the method is also important in pubdiector procurement
evaluation. Chances of inaccuracy need to be agtlaldeing bid evaluation. As such,
any method used for evaluation should have no stpsh could lead to inaccuracy.
Indicating the need of accuracy, a member of BE@timeed the statement about a
method as follows:
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“Can be done, but may not be so accurate. This shitlw figures only.”
ML2

Another member of a different BEC believed that awaluation method

should provide good results and stated it as falow

“[a method which provides] good results is expettBd. 1

Therefore, any evaluation method is expected to abeurate in bid

evaluation.

5.5.5.3 Reasonable method of evaluation

Use of any bid evaluation method should be readeradrording to BEC, in
terms of effort, results, time consumption, humasource needs, cost, and any other

resources required.

Any evaluation method that requires unreasonaldeurees and produces
unreasonable results is not in line with publictgednterests. As such a BEC

member stated:

“It should be reasonable.” ML2

Therefore, any evaluation method is expected to albeurate in bid

evaluation.

5.5.5.4 Compliancy of method with regulations

The BEC members in several incidences during tbadaroup discussions
mentioned the need to comply with regulations, he interest of bidders and
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themselves. Some of the statements from the BEChmenduring the focus groups

are as follows:

“When bidding is done, even if we need to bear [ossquantity discounts]
there is the Public Finance Act and Public FinaRegulation, which should
not be violated. If we take advantage of such distgy it violates the

regulations.” DL3

“Such [quantity discount] advantages are basicalty taken because it

contradicts laws and regulations. It violates pubhance regulations.” DL3

BEC members expressed the belief that any othehadeto be adopted
would have to be in line with law and regulatiordamould have to be approved by

the Ministry of Finance in the first instance artihoately by the Parliament.

5.5.5.5 Minimise chance of manipulation

The bid evaluation should not provide any chancenahipulation by either
side, suppliers or evaluators. Therefore, any ntetged for bid evaluation should

minimise any chance of manipulation.

It is often easy for bidders to assume that theeb@uation is manipulated by
the evaluators. Therefore, the evaluation need®ta transparent process where no
change to initial requirements in terms of quantdyteria, weights and any other
form are accepted. As such the following statermead made by a member of BEC

when discussing changes in quantity.

“We cannot change quantity by saying it will be @per. For instance, we
want 3000 chairs for 3 schools. The approval wéllfor those 3 schools.”
ML2

Manipulation can be regarded as corruption, acogrth members of a BEC,

as stated bellow:
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“Such increases [in number of items to be purchasedld be a corruption”
(DL2). “It is corruption. That is how it is considl.” DL1

Manipulation violates public sector procurementutagons, according to

BEC members:

“So far that never happens [changes in requirerheBtd, for instance, we
check what would happen if we were to buy 100 itenthe same. When
bidding is done, even if we need to bear a lossglmamtity discounts] there
is the Public Finance Act and Public Finance Regmawhich should not
be violated. If we take advantage of such discquiitsviolates the

regulations.” DL3.

“Cannot do that.” DL1, DL2 & DL3

Since any manipulation violates public procuremant and regulations the

BEC members say that they cannot do that.

Therefore, any evaluation method should minimisey ahance of

manipulation by evaluators and suppliers.

5.5.5.6 Minimise complaints

The public sector procurement process intends tonmse complaints from
suppliers. Therefore, in turn, the bid evaluatitvoidd minimise complaints from
bidders. Every possible measure is taken to miim@nplaints from the bidders.
As such, when bids are submitted, basic informatibthe bids are provided to all
bidders. This information gives an indication ok tlvinning bid, when bidders
compare the proposals of the other bids. It alskemdhe process transparent and

minimises complaints. For instance, a member of BE:d:
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“On the day (when bids are submitted) qualifiedshidth their figures [cost
and duration] are given to all the bidders. So tkegw who will probably
win.” ML3

In addition to providing information to bidders &g bid submission,
information could be provided after bid evaluatmout the evaluation, to mitigate

complaints from the bidder. For instance, a menoh&EC stated:

“If they want to know why they did not win, we shawvem marks sheet.

Then they know where their problem is.” ML2

Therefore, any bid evaluation method should mingntiglder complaints.

5.5.5.7 Support utility concept

Public sector procurement looks for the best pésdilal. For instance, public
procurement interest would be to look for lowertcbggher quality, faster delivery,
and so on. This means it is optimising the outpf@itthe procurement with regard to
the inputs to acquire the procurement. Therefdre, Higher the utility gained the
better for the public sector institution. This ceptof utility is expected according to

a BEC member as follows:

“Should check both sides [inputs and outputs].” DL2

Therefore, any bid evaluation method is expectedsupport the utility

concept in procurement.

5.5.5.8 Clear and good understanding of the method

Public sector procurement is a transparent proc€dear and good
understanding of the bid evaluation method wouldenia easier to understand the
evaluation process. A better understanding of tle¢hod of bid evaluation would

even minimise complaints from the bidders.
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Providing information of the evaluation method tee thidders is a good

approach according to BEC. For instance, a memiBEC stated the following:

“That is a good thing [to explain the method]. Thi&lders could be
discussed and explained about how it is done arat siould be done. So

that both sides have a good understanding.” DL2

Therefore, any bid evaluation method is expectedeoclear and easy to

understand.

5.6 Conclusion

This chapter has discussed the findings of the dogtoup interviews
conducted in the Maldives with the public sectouaation institution BECs. The
aim of the study was to find the constraints amguirements of public education

sector procurement in relation to supplier selectio

The findings has identified several public sectmmstraints and requirements
in public sector procurement, as presented in thielel 6.1, categorised into three
major themes: the preparation process, the bidgiragess and the evaluation

process.

From the findings the following criteria are iddied, for the purpose of
criteria-based evaluation as described in Resedethodology Section 2.4.3.3 and

illustrated in Figure 2.2.

The maximum tender for the evaluation is MVR1,500,00.
The minimum tender for the evaluation is MVR25,@00.

Different cost bands are evaluated differently.

P w0 NP

A public announcement should be made for everyyrement costing
more than MVR25,000.00.

5. There are a minimum of two criteria for evaluation.
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10.
11.

12.
13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

There can be more criteria for evaluation basethermprocurement.
Allocation of criteria and weights are based on theeds of the
organisation.

A pre-bid meeting is compulsory and needs to be@anced.
Specification should be provided to potential brddeuring the pre-bid
meeting.

Marking criteria with weights are provided in theefbid meeting.

All required documents should be submitted with thid and the
requirements need to be articulated to bidders.

If any bidder requires, calculations procedureseaqgained.

All bids are submitted on specific dates and tirddsthe documents are
checked and verified during the submission process.

It requires a minimum of three BEC members to eatalipids.

The basis for evaluation solely depends on thermmétion provided in
the pre-bid meeting.

Suppliers’ bids need to be verified for the coriaébrmation.

Suppliers’ previous jobs are evaluated based oitada information.
Submitted support documents are primary sourcafofmation and are
assessed.

Assess the bid price compared to the expected work.

Suppliers’ performances are evaluated based ocritleeia provided, and
the weights and marks are allocated accordingasthemes provided in
advance.

Marks are allocated based on the criteria and veighovided during
pre-bid meeting in relation to performances of digpg.

Technical expertise is used to get advice and eafilens on
procurement of technical good and services.

A thorough check is made if the proposed goodseovices meet the
specified standard.

Every criterion is assessed independently.

All the criteria need to be evaluated.

No ranking can be made in evaluation; rather mauies allocated in
evaluation.

Pair-wise comparison cannot be done.
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28.

29.
30.
31.

32.
33.
34.
35.
36.
37.

38.

39.

40.

41.
42.

In the evaluation stage no changes to criteriaghteiand requirements
should be made.

Incomplete bids should be rejected.

Evaluation calculations are shown to bidders iuesjed.

BEC needs to approve the winner. Evaluation amalgises not award
the bid to the winner.

BEC needs to state the reason for the selectispegific bids.

Bidders are informed of the winner but not the msark

If any bidder wants more clarification, evaluaticadculations are shown.
No discrimination in evaluation is allowed.

Evaluation method needs to be accurate.

Evaluation method should use reasonable amountesburces and
provide reasonable results.

Evaluation method should comply with procurementlesu and
regulations.

Evaluation method should provide no chance of mdatmn from either
side.

Evaluation method needs to help minimise complaints

Evaluation method needs to support the utility emc

Evaluation method should be clear and easily utaedsble.

Together with these findings, the next chapter vellaluate previously

identified MCDA methods against constraints andunegments of public sector

procurement.

These findings also give guidance for an expectethad for public sector

bid evaluation in the research context. Using thiglahce, MCDA methods which

comply with public sector constraints and requirataeof bid evaluation will be

assessed based on their performances on appliedrenoent cases.

This chapter has given the basis for selectingitatda MCDA method for

public education sector procurement in the Maldhwcantext.
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CHAPTER 6

MCDA METHODS AND DISCUSSION

6.1 Overview

As discussed in Chapter 4, public sector procuréndegisions to choose
suppliers are made based on the analysis of thepheutriteria of the procurement
needs possessed by the supplier. This chaptersditerature review of MCDA
methods and discussions of criteria-based evalyatis explained in Research
Methodology Section 2.4.3.1, Section 2.4.3.3 anseRech Design Section 3.3.2.

In the chapter the characteristics of the MCDA radthare compared to the
requirements of public sector procurement, gathénedugh the literature review

discussed in Chapter 4 and field research findidgsussed in Chapter 5.

This chapter highlights the nature of MCDA and diéss major MCDA
methods and its characteristics. MCDA methods apeed into logical categories
and detail the MCDA methods that are in the contéxhe research. The discussions
are based on the comparison of characteristics ethods with the public sector

procurement requirements gathered through theditez review of the regulations of
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the Maldivian public sector and findings of theldieesearch. The chapter provides
the results of the criteria-based evaluation (aapility of the MCDA methods to

the research context).

6.2 Introduction to MCDA

Although MCDA and multi-criteria decision making (B)DM) are used
interchangeably, “in a decision making context, MC@ould imply some sort of
standard by which one particular choice or courfsaction could be judged to be
more desirable than another. Consideration of mdiffechoices or courses of action
becomes a MCDM” (Belton & Stewart, 2002). Multi-ebjive decision making
(MODM) and multi-attribute decision making (MADM)sa presents the same class
of methods (Triantaphyllou, 2000).

MCDA is one of the most well-known branches of dam making
(Triantaphyllou, 2000). MCDA is important in deos making when a wide
number of factors are concerned for decision (Anspbn2011).

Even though MCDA has a wide variety of methodsyth# have certain
common features, which are the concept of altereati and attributes
(Triantaphyllou, 2000). In simple terms, the a&bié choices and the evaluation
criteria are fundamental to any MCDA method.

There are numerous MCDA methods used in differgstiglines, including
procurement. The next section will list the majo€®IA methods discussed in the

current MCDA literature.

6.3 MCDA methods

The MCDA methods listed in Table 6.1 are basedhenwork of Guitouni
and Martel (1998) extended by some additional nathdentified from the literature
review. These methods are the reference methodsifostudy. The Table 6.1 also
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shows the selection of the methods at researchreRhard Phase Il as illustrated in

research implementation model in Figure 2.2.

Guitouni and Martel (1998) believe that choosingM@DA method in turn

Is choosing a compensation logic and there aregneed definitions or principles to

characterise the degree of compensation. Accordmghe literature, MCDA

methods have three groups, according to the demfre®@mpensation (Luitzen de
Boer, Labro, & Morlacchi, 2001; Guitouni & Martel998; Luo et al., 2009), as

follows:
1

“Compensatory in this case, one admits that an absolute conapiens
between the different evaluations can exist. Heacgpod performance
on one criterion can easily counterbalance a poeran another. There
exist many methods that can fall into this catedikey the weighted sum;
Non-compensatoryno compensation is accepted between the different
dimensions. The DM [Decision Maker] may state that dimensions are
important enough to refuse any kind of compensatiotrade-offs. The
lexicographic method is considered as a non-congtensmethod;

Partially compensatoryin this case, some kind of compensation is
accepted between the different dimensions or @itétost of the MCDA
methods fall within this category. The major praoblés to evaluate the

degree of compensation for each one.” (Guitouni &tdl, 1998:506)

In literature MCDA methods are grouped in categorleased on their

characteristics. Table 6.1 lists major MCDA methaasfive different categories

found in the literature (Figueira, Greco, et a002; Guitouni & Martel, 1998; Ho et

al., 2010). The categories are:

Elementary methods,

Single synthesising criterion or utility theory,
Outranking methods,

Fuzzy methods,

Mixed methods.
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Table 6.1: MCDA methods based on Guitouni and M#i@98:508-509)

No | Method | Author(s) Results
Elementary methods
1 | Weighted Sum Churchman, C.W. and Ackoff, R.L. (1954) and Rejected
many more
2 | Lexicographic method Roy, B. and Hugonnard, J.C., (1982) and many Rejected
more
3 | Conjunctive method Hwang and Youn (1981) Rejected
4 | Disjunctive method Chen and Hwang (1992) Rejected
5 | Maximin method Hwang and Youn (1981) Rejected
Single synthesizing criterion or utility theory
6 | TOPSIS Hwang and Youn (1981) Selected
7 | MAVT Keeney and Raifa (1976) Rejected
8 | UTA Jacquet-Lagreze and Siskos (1982) Rejected
9 | SMART Edwards (1971) Rejected
10 | MAUT Bunn (1984) Rejected
11 | AHP and ANP Saaty (1980), Saaty (2005) Rejected
12 | DEA Talluri et al. (1999) Rejected
13 | COPRAS Zavadskas et al. (2007); Chatterjee et al. (2011) Selected
Outranking methods
14 | ELECTRE De Boer et al. (1998); Dulmin and Mininno All the
(2003) methods in
15 | ELECTRE | Roy (1968) this group
16 | ELECTRE IS Roy and Bouyssou (1993) are
17 | ELECTRE || Roy and Bertier (1971) rejected in
18 | ELECTRE Il Roy (1978) phase Il
19 | ELECTRE IV Roy and Hugonnard (1982) evaluation.
20 | ELECTRE TRI Yu (1992); Mousseau et al. (2000)
21 | PR OMETHEE Dulmin and Mininno (2003)
22 | PROMETHEE TRI Figueira et al. (2004)
23 | PROMETHEE/GAIA Dulmin and Mininno (2003)
technique
24 | NAIADE Munda (1995)
25 | ELECCALC Kiss et al. (1994)
26 | UTADIS Doumpos et al. (2001)
27 | MELCHIOR Leclerc (1984)
28 | ORESTE Roubens (1980)
29 | REGIME Hinloopen and Nijkamp (1982)
30 | PROMSORT Araz and Ozkarahan (2007)
31 | EVAMIX Voogd (1983)
32 | QUALIFLEX Paelinck (1978)
Fuzzy methods
33 | Fuzzy relationship hierarchy | Lin and Chen (2004) All the
34 | Fuzzy set approach Sarkar and Mohapatra (2006) methods in
35 | Fuzzy suitability index (FSI) | Bevilacqua et al. (2006) this group
36 | Fuzzy weighted sum Baas and Kwakernaak (1977) are
37 | Fuzzy miximini Bellman and Zadeh (1970) rejected in
38 | Al methods Ng and Skitmore (1995); Vokurka et al. (1996); phase Il
Kwong et al. (2002); Choy et al. (2002); Choy et | €valuation.
al. (2003); Choy et al. (2005)
39 | CBR Ng and Skitmore (1995); Choy et al. (2003)
Mixed methods
40 | Martel and Zaras method Martel, J.M. and Zaras, K. (1990); Martel, J.M. All the
and Zaras, K. (1995) methods in
41 | Fuzzy conjunctive/ Dubois, D., Prade, H. and Testemale, C. (1988) this group
disjunctive method are
rejected.

As the MCDA methods are grouped based on theirachenistics, a single

method may fall into more than one category if ashthe characteristics of other
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categories. However, based on the literature of deeelopment and applicable
context of the method, such methods are allocateletr originated category if not
its applicable context category, as found in therdture, as the main focus of this

research is to find a suitable method for the ne$eeontext.

One such incidence occurred during this groupirty tie EVAMIX method,
which can be regarded as a single synthesis cnit¢@uitouni & Martel, 1998) as it
has very similar characteristic. However, it is asfethe outranking methods in
MCDA as it is originated from the basics of outremgk methods (Martel &
Matarazzo, 2005). In addition to the findings frdhe literature, the researcher
followed, applied and analysed all the steps ofENAMIX to understand the core
principles of the method. Based on the analysisadsal as illustrated by Chatterjee,
Athawale, and Shankar (2011), it was clear that EN)A has a step of outranking,
even though the concept of the single synthesiermn is used. Therefore, for this

research EVAMIX is categorised as an outrankinghoet

In the following sections, group level comparisans done at first, and if the
group meet the requirements, the individual methodshe group are discussed
further for comparative analysis to identify itstability. If the group does not meet
the requirements the individual methods are nahé&irconsidered for analysis, as

discussed in Section 2.4.3.3.

6.3.1 Elementary methods

“Elementary methods are intended to reduce compieklems to a singular

basis for selection of a preferred alternative’nldav et al., 2004: 19).

Elementary methods are simple and most of the tithesanalysis can be
done without the help of computer software. Thes¢hods are more appropriate for
single decision-maker problems with few alternaivand criteria (Linkov et al.,
2004). Methods in this category, identified asredatary methods, are the weighted
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sum method, the lexicographic method, the conjuactnethod, the disjunctive
method and the maximin method (Guitouni & Mart€98).

The weighted sum method uses linear weighting. drineeighting lists the
performance criteria, and the buyer assigns wei@btseach criteria based on
importance. For every supplier the buyer assigseae for each criterion which
indicates the supplier's performance in that cater The scores can be based on

quantitative data or qualitative values agreedneyltuyer. (Monczka et al., 2010).

This category of methods is often used in supgkebection. However, all the
methods in this category may not be applicableublip sector procurement, based
on the structure of public sector procurement axutised in Chapter 4. The

individual methods in this are discussed in théofing sub-sections.

6.3.1.1 Weighted sum

Weighted sum is the most common method for suppliatuation (Mateus et
al., 2010). It is a compensatory method (Guitoura&rtel, 1998).

This method calculates the ratio for each attribiate every supplier, by
dividing the performance values of the attribute thg maximum value of the
attribute, in case of input factors, subtractingseh ratios from 1. Next, the allocated
weight for each attribute is multiplied by the catialculated to get the weights for
individual attributes. Finally, all the calculategights for each individual attribute
for every supplier is added, to get the total fegiwr the supplier (Falagario et al.,
2012). This can be expressed mathematically asvisl|

im 1=

WS, =X Wl-( - ;ﬂ) + X W (;ﬂ) (Equation: 6.3.1.1a)
jm

Where:
WS, is weighted sum of an alternatiag

w is the weight of the criteria;
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x is the performance value of the criteria;

i is the input criteria starting from= 1 till n;

J is the output criteria starting frops 1 till n;

Xim 1S the maximum performance value &f criteria for all
alternatives;

Xjm IS the maximum performance value gf criteria for all

alternatives;

For example, an organisation announces for bigsitohase a multi-purpose
printing machine with evaluation criteria; duratiohdelivery, price and experience
of supplier along with their weights 10, 70, and r&Spectively. Three companies

submitted bids and their bidding data as presentédble 6.2.

Table 6.2: Weighted sum raw data

. Duration Price Experience
Bidder
10 75 15
A 21 67,667.00 13
B 30 66,067.00 14
C 28 33,161.00 12

Duration is counted in days, price in MVR, and eigrece in years. When
weighted sum is applied, the criteria that aredted to minimise (like price) will get
highest score to the bidder with the lowest vakieilarly, for the criteria that are
targeted to maximise (like experience) will gethagt score to the bidder with the
highest value. As such, Table 6.3 shows the resfilepplying weighted sum. The

bidder with highest total score wins. Thereforethiis case bidder C wins.

Table 6.3: Weighted Sum results

Bidder | Duration Price Experience Total

A 10 36.75462 13.92857 60.68319
B 7 37.64474 15 59.64474
C 7.5 75 12.85714 95.35714
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There are other alternative equations used to ledécthe weighted sum, such
as the equation by Mateus, et al. (2010) ultimatiyng similar calculation and

giving the same result.

Due to the rationale that the weighting procedoti®Ws, most people would
at first glance, accept that the procedure is Elgithd commonsensical. However, it
is the most common mistake in public procuremeat@dures (Mateus et al., 2010).
Mateus et al. (2010) further explained that thenit®fn of weights is completely
arbitrary and inconsistent with the real prefersnaithe procurement authority.

Mateus et al. (2010) explain an issue with regaré¢dmpensation with an
example of defining a 75% weight for one criter{@) and 25% weight for the other
criterion (B) where only two criteria existed. Img case, losing 10 partial points on
criterion A (75% x -10 = -7.5 overall points) isuggplent to gaining 30 partial points
on criterion B (25% x +30 = +7.5 overall points)n& the weights embody trade-
offs, the assignment of weights will have to tak®iaccount the way those values
were identified, that is, the performance levelsfee each criterion (Mateus et al.,
2010). Keeney (2002) also identified the same issw further listed 12 common

mistakes in making value trade-offs in Table 6s/{adlows:

Table 6.4: Twelve common mistakes in making vatade-offs

Mistake 1. Not Understanding the Decision Context.

Mistake 2. Not Having Measures for Consequences.

Mistake 3. Using Inadequate Measures.

Mistake 4. Not Knowing What the Measures Represent.

Mistake 5. Making Trade-Offs Involving Means Objectives.

Mistake 6. Using Willingness to Swap as a Value Trade-Off.

Mistake 7. Trying to Calculate Correct Value Trade-Offs.

Mistake 8. Assessing Value Trade-Offs Independent of the Range of Consequences.
Mistake 9. Not Having Value Trade-Offs Depend on Where You Start.

Mistake 10. Providing Conservative Value Trade-Offs.
Mistake 11. Using Screening Criteria to Imply Value Judgments.

Mistake 12. Failure to Use Consistency Checks in Assessing Value Trade-Offs

Source: Keeney (2002:937)
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Boer et al. (2006) discussed five common mistalssguweighted sum in
public sector procurement, namely (i) Same weiglmslesirable outcome; (ii) Good
procedure, wrong offer; (iii) The devil is in thetdil; (iv) The runner up does not
run up; and (v) With a little help from my frienfihe examples shown by Boer et al.

(2006) showed undesirable outcomes in all the Bscas

Therefore, despite being one of the most commordgdumethods in
procurement; weighted sum does not seem to be fidepliblic sector procurement
in the Maldives due to all the criticisms descriladubve. This is especially so due to
the vulnerability of the method to manipulationtimth suppliers and buyers, as well
as the very high risk of the tendered products eswises approved not meeting
public sector principles and standards behind egguls. Nonetheless, this is
currently the method used in the Maldivian pubkctsr. This represents, of course,
a dissonant finding between theory and practices #xpected that this study may

contribute to a rectification discussion on curnar@curement practices.

6.3.1.2 Lexicographic method

The lexicographic approach uses a ranking of thectibe functions based
on its significance (Ehrgott & Wiecek, 2005), inviolg a sequential exclusion
process to reach either a single alternative othallproblems being solved (Linkov
et al., 2004).

In the lexicographic method attributes are orddyaged on the importance
of the attribute. The alternative with the bestf@®nance on the most important
attribute is chosen. If there are more than orerratives having best performance
on the most important attribute, the performancehoke alternatives on the next
most important attribute are compared, and so ofil, a1 unique alternative is found
(Linkov et al., 2004).
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Linkov et al. (2004) alerted that “multi-attributkecision-making problems
with few alternatives, quantitative input data, andgligible uncertainty, the
lexicographic method ends up becoming a selecti@thod based on a single

attribute.”

Based on the findings of the public sector procweimliterature, the
Maldivian regulation requires having minimum twateria and contribution of all
the criteria used are equally considered in evalnal he same results were apparent
with the finding of the focus groups with BECs. Rexicographic method gives
priority of selection based on the most importatiticute inline, the method
contradicts public sector procurement of Maldivimontext. Therefore, the
lexicographic method is considered not applicableetaluate suppliers in public

sector procurement in the Maldives.

6.3.1.3 Conjunctive and disjunctive methods

The conjunctive and disjunctive methods are nongmmeatory, screening
methods. The attributes can be measured in commaaswnits, requiring
satisfactory rather than best performance in eaithrion based on a predefined
threshold.

The fundamental theory of the conjunctive methoth#& an alternative must
meet a minimum cut off level for all attributes rfkov et al., 2004). An alternative
that fails to reach the least satisfactory levelsdll criteria is rejected. The least
satisfactory levels of each criterion are usedcte@en out unacceptable alternatives
(Guitouni & Martel, 1998).

In the disjunctive method an alternative shouldeexictthe minimum cut off
level by at least one attribute (Linkov et al., 2D0An extreme score on any one
criterion leads to an alternative selection. Altgives are selected based on the
performance of each attribute that is equal toxmeeds satisfactory levels on any
attribute (Guitouni & Martel, 1998).
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The disjunctive method requires performance cat&sibe arranged in terms
of importance. Alternatives that fail to meet thet off level of most important
criteria are eliminated. Remaining alternatives #ren tested against the second
most important criteria, and so on. The last alitve to be eliminated is preferred
(Linkov et al., 2004).

Linkov et al. (2004) state that these screeningsrare applicable to select a
group of alternatives for analysis by other, mavenplex decision-making tools, or
provide a basis for selection. Based on this fiacpublic sector procurement, this
method could be used to screen all the tenderdhegckcif a satisfactory level of
required information is submitted as requested hie tender announcement, to

consider the tender to be accepted or rejected.

In public sector procurement a minute significamrc@ny criteria should be
counted, to be fair on each criteria informed inaatte for selection as described in
Section 4.4.2. Since these methods prioritise ptetgesholds and do not regard
every performance value of every attribute for c@@, contradicting the
requirements discussed in Section 4.4.2, Secti®nl.B, Section 5.5.1.11, and

Section 5.5.1.12, it is rejected for public segrcurement decision analysis.

6.3.1.4 Maximin method

The maximin method is a non-compensatory methods tethod tries to
avoid the worst possible performance by maximizthg minimal performing
criterion. It gives importance to the worst crigedf the alternatives. The alternatives
are ranked based on their weakest performing e&it€he alternative, which has the

highest score for its weakest attribute, is pref@iLinkov et al., 2004).

The overall performance of an alternative is selkobn the basis of its
poorest evaluation (Guitouni & Martel, 1998). Tmaximin method is applicable
only when all attributes are comparable so thay ttem be measured on a common
scale, which may present a serious limitation (bwnkt al., 2004).
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As described in Section 4.4.3, public sector prement regulations based on
this research context require two compulsory atteb and several optional
attributes for evaluation. The maximin method reggithe highest performance of
the weakest attribute and it may not be possibleawe compulsory attributes as
weakest attributes in every tender. It is also Iyiginlikely that only the two
compulsory attributes are the weakest, having éineesscore for every alternative. In
addition, all public sector procurement attribuége not comparable on a common
scale. These inherent characteristics of the maxmnethod violate the requirements
discussed in Section 4.4.3, Section 5.5.1.8, Sed&i6.1.11, Section 5.5.1.12, and
Section 5.5.5.4. Therefore, the maximin method egeated for public sector

procurement for this research context.

6.3.2 Single synthesizing criterion, or utility thery

This is the most conventional approach (Roy, 200B6& assumption of these
methods is that there exists a utility (or a valiwsctionU to represent the decision
maker’s (DM) preferences. Based on this assumpsioch a function is assessed and
therefore the ranking of the choices is straighttod. The assessment of this
function can be achieved in an additive, multigie®, distributional mode, and
many other methodologies were developed with teengge that there exists a partial

utility functionsu; according to each attribufgGuitouni & Martel, 1998).

This category of methods is also used in suppkéecsion. The individual

methods in this category of methods are discussé#ukifollowing sections.

6.3.2.1 TOPSIS

TOPSIS (technique for order preference by simijait an ideal solution) is
an MCDA method to rank alternatives from a finiet sf alternatives. The basic
principle is to minimize the distance to the idsalution while maximizing the

distance to the negative-ideal solution for the seimo alternative (Jahanshahloo,
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Lotfi, & Davoodi, 2009; Olson, 2004). Jahanshahdéb@l. (2009:1138) provided the
procedure of TOPSIS in a series of steps as follows

“Step 1: Calculate the normalized decision maffixe normalized value; is

calculated asy = == fori=1,mandj=1,-,n.

i=1%ij
Step 2: Calculate the weighted normalized decisi@trix. The weighted
normalized value;; is calculated as;; = w;n;; fori = 1,--,m and
j = 1,--mn wherew; is the weight of théth attribute or criterion,
and Y., w; = 1. These weights can be introduced by a decision

maker.

Step 3: Determine the positive-ideal and negatheii solution

AY = {(wf,v],..,v))} = {(maxv;;| i €0),(minv; | i €I)}

A" = {(v],vy,..,v)} = {(minvij |i€o0), (maxvij liel)}
whereO is associated with benefit criteria, dnid associated with

cost criteria.

Step 4: Calculate the separation measures, usingn-dimensional

Euclidean distance. The separation of each aligem&bm the ideal
solution is given ad" = [Xi,(v;; — v v,

Similarly, the separation from the negative-idsalution is given as

. vz
di =[5, (vi;— v)] " V.

Step 5: Calculate the relative closeness to thal idelution. The relative

closeness of the alternatidewith respect t\"is defined as

d; : :
Ri= —— for j = 1,-,m Sinced; >0andd’ >0, then
dj +dj ] ]

clearlyR €[0,1].

Step 6: Rank the preference order. For rankingradteres using this index,

we can rank them in decreasing order.”
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To illustrate the application of this method, theme example used for

weighted sum is repeatedly presented. For exampl@rganisation announces for

bids to purchase a multi-purpose printing machiné wvaluation criteria; duration

of delivery, price and experience of supplier alovith their weights 10, 70, and 15

respectively. Duration is counted in days, priceMWR, and experience in years.

Duration and price are cost criteria targeted tmimise and the experience is a

beneficial criteria targeted to maximise. Three pames submitted bids and their

bidding data as presented in Table 6.5. The waightemalised matrix is presented

in Table 6.6.

Table 6.5: Raw data

. Duration Price Experience
Bidder
10 75 15
A 21 67,667.00 13
B 30 66,067.00 14
C 28 33,161.00 12

Table 6.6: Weighted normalised matrix

Bidder | Duration Price Experience
A 0.045555 | 0.506407 0.086432
B 0.065079 | 0.494433 0.093081
C 0.060741 | 0.248171 0.079784
At 0.045555 | 0.248171 | 0.093081
A™ 0.065079 | 0.506407 0.086432

Calculations using the weighted normalised matrix TOPSIS results

separation measures from the ideal soluti@f), separation measures from the

negative-ideal solutioGd;’), relative closeness to the ideal solutiagh)( and the

ranks which are presented in Table 6.7.
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Table 6.7: TOPSIS results

Bidder dj d; R; Rank
A 0.258322 | 0.019524 | 0.070268

B 0.247035 | 0.013696 | 0.05253

C 0.020184 | 0.258358 | 0.927536

Based on the TOPSIS results, bidder C is closetetadeal solution getting
the highest score, which ranked the bidder in ptate.

The TOPSIS method is criticised due to the issuth@fsatisfactory level for
both criteria of the shortest distance from thaldmlution and the farthest distance
from the negative ideal solution, because TOPSI&sdwt consider the relative
importance of those distances (Opricovic & Tzen@)4). In addition to this, with
Euclidean distance, as used in TOPSIS, the claesnhative to the positive ideal
solution is not necessarily the farthest altermafirom the negative ideal solution
(Aghajani & Hadi-Vencheh, 2011; Chamodrakas, Lefties, & Martakos, 2011).

Bottani and Rizzi (2006) state that the major wesknin TOPSIS could be
the need for monotonic criteria. However, Bottand aRizzi (2006) believe that
TOPSIS works well for a one tier decision tree, l@MHP (Analytic Hierarchy
Process) is preferable for widely spread hieras;héad this is where AHP could

become competitive against TOPSIS.

A further drawback stated by Tsaur (2011) is thabeow gap between the
performed measures is derived in the normalizete doa each criterion due to the
operation of normalized decision matrix. Therefovigh a narrow gap in the method,

it is not good for ranking and cannot reflect theetdominance of alternatives.

When drawbacks are compared to public sector peotent, as discussed in
Section 4.4.2, having monotonic criteria could loasidered, as the public sector
requires pre-announced criteria with its weightsdach bid or tender, which cannot
be changed later in the procurement process assdisd in Section 5.5.1.14. The
next drawback of having a narrow gap between th#opeance measures after
normalisation is that it still provides relative ngparative figures, though small,

which can still be used for calculation. Finallyetpublic the sector is looking for the
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best alternative based on the performance critasajescribed in Section 4.3.1 and
Section 4.3.4. The best alternative should be tternative closest to the ideal

solution, even if the alternative is not the fugh&om the negative ideal solution.

Therefore, in the public sector procurement contéyd best alternative by TOPSIS,
by chance not being the furthest from the negatieal solution is acceptable as the
alternative will be closest to the ideal solution.

Considering the above mentioned drawbacks in TOR®%® no direct
conflict with public sector requirements, the methse considered appropriate and
further evaluations are done in the next phasehefresearch as discussed in the
following Chapter.

6.3.2.2 MAVT

MAVT (multi-attribute value theory) is a functionahethod for MCDA.
MAVT is firmly grounded in von Neumann and Morgesrst's utility theory and
assumes an existence of a value function, basedildg maximisation (Ananda &
Herath, 2003).

Ananda and Herath (2003) explain the MAVT approastating that it
“involves constructing value functions, which alloan analytical study of
preferences and value judgements. Value assessmehtes choosing the decision
attributes, defining attribute value scales andckimg for their qualitative properties
such as monotonicity, linearity, concavity and #Ageakedness” (Ananda &
Herath, 2003:76).

Decomposed scaling and holistic scaling are the ntom assessment
schemes. In decomposed scaling, separate assessanentone for the marginal
value functions and weights. Merging these two g#rtough either an additive or
multiplicative approach is used in the overall wahodel. Holistic scaling is based
on overall judgements. Optimal fitting techniquidse regression analysis or linear
optimisation, are used to estimate weights andevhloction. Decomposed scaling is

simpler in estimation and accuracy than holistalisg (Ananda & Herath, 2003).
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MAVT is built up of a few basic axioms and starter the basis that all
things are comparable. DM preferences are represerd a set of estimated scores
for the performance of the alternatives on the miesamsent criteria. Weights must be
created based on the relative importance of caiteéfhis approach fits well with
scientific methods and it is a transparent techmi@impson, 1996).

MAVT places all the potential alternatives onto eme scale, making it
possible to make comparisons globally. MAVT enferceomparability across
criteria. MAVT has a strict mathematical basis,réfere the data input into the
model must satisfy specific conditions, such asditavity (Simpson, 1996).

One of the conditions of MAVT is illustrated asléal/s: “consider a decision
problem with a number of alternative strategiesarixe two of these strategies, A
and B. They are measured against two sets of ieriteand J, wherel contains at

least two criteria, and contains at least one criterion” (Simpson, 1996)92

Due to this condition of requiring minimum of threeteria for evaluation in
this approach, it conflicts with public sector puoement regulations as mentioned in
Section 4.4.3 which allows evaluation to be cared with only two criteria. We
cannot assume that every procurement would haee thr more criteria, since the

regulation allows minimum of two evaluation criteri

In addition, the issue of a common scale of coniphiyin every criterion in
MAVT (Simpson, 1996) is not in line with public dec regulations, as any
procurement can have diverse criteria, as mentianefection 4.4.2. In fact, it may
not even be possible to represent criteria on k& ssach as with Boolean or nominal
criteria. Therefore, MVAT was rejected for pubkector procurement for the

research context.
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6.3.2.3 UTA

The UTA (UTilités Additives) method aims to develap additive utility
function according to the decision maker's judgms&nategy. The method requires
providing a set of reference alternativeésThe decision maker has to provide global
evaluation for each reference alternative to fortotal pre-order of the alternatives
inA:a; > a, > - > ay,. If the developed utility model reproduces theegipre-
order of the reference alternatives as consistastiyossible, then the utility model is
believed to be consistent. As such, the utility slashould be developed so that:
U(a;) > U(ay) > -+ > U(ay) (Spronk, Steuer, & Zopounidis, 2005).

Siskos et al. (2005:299) state that the modelimggss must conclude with a

consistent family of criteriagh,g,...,gn). Each criterion is a non-decreasing real

valued function defined on A, as follows:

gi:iA - [ge.glc ¥y og@e %, (6.3.2.3a)

where[g;-, gi] is the criterion evaluation scalgy and g; are the worst and
the best level oi-th criterion respectivelyg;(a) is the evaluation or performance of
actiona oni-th criterion andg(a) is the vector of performances of actiammn then
criteria.

From the above definitions, the following preferahtsituations can be
determined:

gi(@ > giy(b) & a >b (ais preffered to b)

{gi(a) = gi(b) & a ~b (aisindifferent tob)

Siskos et al. (2005:302) state that the criterigregation model in UTA is

assumed to be an additive value function of thiefahg form:

u(g) = Z piu;(g;) (6.3.2.3b)

subject to normalization constraints:
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n
ZPL' =1
i=1

u;(gi+) =0, u;(g)) =1, Vi=12,..,n

where u;,i = 1,2,...,nare non-decreasing real value functions, named
marginal value or utility functions, which are nalzed between 0 and 1, apgdis
the weight ofu;. Both the marginal and the global value functidrsve the
monotonicity property of the true criterion. Foistance, in the case of the global
value function the following properties hold:
ulg(a)] > u[g(b)] & a >b (preference)
{ ulg(a)] = ul[g(b)] & a ~b (indifference)

Spronk et al. (2005:841) highlighted that there @wve possible types of
errors which may occur. The first is the underreation error when the developed
model assigns a reference alternative to a lowettdl) rank than the one specified
in the given pre-order (the alternative is undemested by the decision maker). The
second error is the over-estimation error when diegeloped model assigns a
reference alternative to a higher (worse) rank thanone specified in the given pre-

order (the alternative is over-estimated by thaesi@c maker).

Beuthe and Scannella (2001) also stated thattihason errors exist or if
the utility function is applied to a different set projects, it will lead to different

rankings.

There is no guarantee of the UTA method providingil&y function which
is consistent with available information. This dlsoming is due to the inherent

utility model of UTA (Angilella, Greco, Lamantia, &latarazzo, 2004).

Based on the principles of public sector procurenasndiscussed in Section
4.3, it is not advisable to use a method with knawance of errors in estimation and
also without any guarantee to find a utility fuocti coherent with available
information. In addition, BEC members require aroefree, accurate method as
discussed in Section 5.5.5.2, Section 5.5.5.4,%extion 5.5.5.5. Therefore, due to

175



the inherent shortcomings of the UTA method, asudised above, the method is

rejected for the study.

6.3.2.4 SMART

Edwards (1977) developed the SMART (simple multifadite rating
techniqgue) method and described the process irdotlmving steps, elaborated in
Edwards (1977:328):

Step 1:

Step 2:

Step 3:
Step 4:

Step 5:
Step 6:

Step 7:
Step 8:

Step 9:

Identify the person or organization whodéities are to be
maximized.

Identify the issue or issues (i.e., dens) to which the utilities
needed are relevant.

Identify the entities to be evaluated.

Identify the relevant dimensions of valioe evaluation of the
entities.

Rank the dimensions in order of importance

Rate dimensions in importance, presematigs. To do this, start by
assigning the least important dimension an impeoganf 10.

Sum the importance weights, and dividé égdhe sum.

Measure the location of each entity beevgluate on each
dimension.

Calculate utilities for entities using ggiation below:
Ui = Z Wil 6.3.2.4a
j

where}.;w; = 1. U; is the aggregate utility for thigh entity. w; is
the normalized importance weight of tite dimension of value, and
u;; is the rescaled position of thith entity on thejth dimension.

Thusw; is the output of Step 7 ang; is the output of Step 8.
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Step 10: Decide. If a single act is to be chodea rtile is simple: maximize
U;. If a subset of i is to be chosen, then the sufosethich); U; is

maximum is best.

Edwards (1977) provided additional explanation lo@ above steps in terms

of how to use the method and expectations of it.

There was a logical error in SMART (Jeffreys, 200Hue to the
shortcomings of the original SMART, Edwards and rBar (1994) developed
SMARTS (simple multi-attribute rating technique hviswings) and a further
development, SMARTER (simple multi-attribute ratteghnique exploring ranks).

SMARTS use swing weights, which is done in two stéfhe first step gives
the rank order of the weights and the second givesveights themselves (Edwards
& Barron, 1994).

SMARTER uses rank weights, which are calculatechqughe ranking of
attributes and the equations for the weights hagersvenient computational form
(Edwards & Barron, 1994). Edwards and Barron (1394) provide the following
equations for calculating the weights:

If wg > wy, >+ > wy, then

w;=(1+1/2+1/3+-+1/K)/K

w, =(0+1/2+1/3 + -+ 1/K)/K

wz=(0+0+1/3+-+1/K)/K

wg=0+-+0+1/K)/K

More generally, ifK is the number of attributes, then the weight af if

attribute is:

K
wy = (1/K) 2(1/1) 6.3.2.4b
i=k

SMARTS and SMARTER is improved on assigning weiglmsl the other
procedure are same as SMART. However, there diewstaknesses in SMART
methods.
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Due to the shortcomings of the original SMART, tivgginal developer of
SMART, Ward Edwards, believes that SMART shoulddead but it has evolved
into SMARTS and SMARTER (Edwards & Barron, 1994).

Hutchinson and Kotonya (2006) stated that SMART &darther limitation
in the way the technique have been applied. SMA&RGflicitly consist of steps for
sensitivity analysis, in which a provisional deorsiis examined to determine its
strength in relation to changes in the measured (egights) assigned during the
decision making process. However, in public segimcurement as mentioned in
Section 4.4.2, the weights are announced in adyamzkeven if the decision is not
favourable, based on sensitivity analysis it is possible to make changes to

weights.

Based on the experimented results by Pdyhtnen adatdinen (2001)
weights differ due to a restricted set of numbenstiie decision-makers to choose
from. This happens easily with methods like SMARiO &wing weights which start
the weight elicitation with even numbers. “The cemsences are that the spread of
weights and the inconsistencies among the preferstatements become dependent
on the number of attributes present in the compatigPoyhonen & Hamalainen,
2001). Therefore in public sector procurement avknaleficiency of the chances
that the number of attributes would rule the sprehaveights and inconsistencies
should be avoided as it violates the basic pulelat® principles discussed in Section
4.3. The SMART methods also contradict the requemras identified in Section
5.5.1.14, Section 5.5.5.2, Section 5.5.5.4, andi@eb.5.5.5.

Due to the limitations in SMART and conflicts inlgic sector procurement,

as described above, for this research SMART methoglaot preferred.
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6.3.2.5 MAUT

MAUT (multi-attribute utility theory) was explainebdy Ralph Keeney and
Howard Raiffa in 1976 with the utility concept, $gstematically analyse complex
decision-making problems which have multiple atttés and multiple conflicting
goals. The method aims to obtain the maximum dvetiéity, with trade-offs of the
attainment of some objectives against other oljestiThe method develops a utility
function based on a decision-maker’s preferenagtsire, and the utility function is

used to find an optimal solution (Sanayei, MousaWdi, & Mohaghar, 2008).

Huang (2011) states that MAUT is a quantitative hmdt which has an
orderly process to identify and analyse multipleiatdes to find a solution. By
applying the developed MAU (multi-attribute utiljtfunction, a decision-maker can
find the utility of every alternative, to identithe alternative with the highest utility

to be selected.

The expression of the MAU function given by HuarPX1:399) is as

follows:
n
MAU (uy, ..., uy) = Z w; - u; 3.3.2.5a
i=1

wheren is the number of attribute, is a single-attribute utility function over

attributei, w; is the weight for attributeand);}_; w; = 1(0 = w; = 1 for all i).

Many different utility elicitation methods have Imedeveloped in order to
find a decision-maker’'s MAU function, which can beholistic approach such as
multiple regression analysis, or a decomposed agprolike SMART (Huang,
2011).

Min (1994:26) provided the following steps for thgplication of MAUT:

Stepl: Identify the objectives or goals of the isieo and define the

problem scope.
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Step 2: Define a finite set of relevant attrilsutaffecting the decision
outcome and structure them into a hierarchical foathed a “value
tree”.

Step 3: Elicit preference information concernitige attributes from the
decision-maker(s), and determine the relative ingmme of the
attributes.

Step 4: Develop the decision-maker’s utility ftioo by establishing
functional relationships between the attributes @redutility scores.
If these relationships are uncertain, the expectiédy score for
each attribute will be determined by using the appate type of
probability distributions.

Step 5: Compute the aggregate (overall) utilipre for each decision
alternative and rank alternatives in terms of aggte utility scores.

Step 6: Perform sensitivity analyses.

As seen in above steps given by Min (1994), setfitsitanalysis is a part of
the MAUT procedure, similar to SMART. If inconsisty is found in MAUT, the
preference information of the decision-maker hasbéo changed. (Moshkovich,
Mechitov, & Olson, 2005). Therefore, similar weakses and contradictions to
public sector procurement mentioned in Section2643with SMART, exists in

MAUT, in relation to sensitivity analysis.

MAUT needs the decision-maker's involvement to depethe utility
function. When it is done, it can be used to evaluaany alternatives. Decision-
maker’s efforts are no longer needed, even if a ak@rnative is to be considered.
Sensitivity analysis balances the likely inaccuratyhe measurements, so there is
no justification for the questions faced by a decisnaker (Moshkovich et al.,
2005).

To use MAUT, a special training should be undenmtakg decision makers

and MAUT does not consider likely human errorsvaleation. Sensitivity analysis
examines the stability of the result (Moshkoviclalet 2005).
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Public sector procurement evaluations are carrieddny senior officials of
the public sector as mentioned in Section 4.4.2 S@ction 5.5.2.1, and they have
limited time. Undergoing training and holding omtauring MAUT analysis involve
practical difficulties. The BEC may change from éirio time and would require the
training to be conducted every time a new membaregh Since MAUT has
mismatches with public sector procurement, as dsedl above, and requires
changing original DM preferences like SMART (in ead inconsistencies), MAUT

is rejected in this research.

6.3.2.6 AHP and ANP

AHP (Analytic Hierarchy Process) and its new exiemsthe ANP (Analytic
Network Process) are well known methodologies tiédhutility functions, presented
by Thomas Saaty (Figueira, Greco, et al., 2005¢skence, the AHP procedure trims
down complex decisions to a sequence of one-on@oraparisons, and then

synthesizing is done (Chatterjee et al., 2011).

AHP uses pairwise comparisons together with expetgment to assign
values to qualitative criteria. The ANP is usedd&rive composite priority ratio
scales from individual ratio scales that represetative measurements of the
influence of elements that interact with respeatdntrol criteria. The ANP considers
the outcome of dependence and feedback within ahdeen clusters of elements.
AHP, with its dependence assumptions on clustedset@ments is a special case of
the ANP (Figueira, Greco, et al., 2005).

Forman and Gass (2001:469) states that the AHPogsphree commonly
agreed-to decision-making steps: (1) Givenl, . . . m objectives, determine their
respective weightws; (2) for each objective compare th¢ = 1, . . . )n alternatives
and determine their weightg with respect to objectivie and (3) determine the final
(global) alternative weights (prioritie¥), with respect to all the objectives by =
WiW1 HWoWo +- - - HWiWi,. The alternatives are then ordered by\Wewith the most

preferred alternative having the largégt
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AHP also provides a methodology to standardisentimaeric scale for the
measurement of quantitative as well as qualitgtedormances. The least value for
the scale is 1/9 and the highest value is 9 to emenplternatives and value 1 is used
when alternatives are equal (Vaidya & Kumar, 20@3aty (2005:7) provided the
fundamental scale of absolute numbers, as shovabte 6.3.

Vaidya and Kumar (2006) gives the key and basipssiavolved in AHP

methodology as follows:

“Step 1: State the problem.

Step 2: Broaden the objectives of the problem onsiter all actors,
objectives and its outcome.

Step 3: Identify the criteria that influence trehbvior.

Step 4: Structure the problem in a hierarchy @fletent levels constituting
goal, criteria, sub-criteria and alternatives.

Step 5: Compare each element in the corresporeled)and calibrate them
on the numerical scale. This requires n(n — 1)/2ngarisons,
where nis the number of elements with the conatders that
diagonal elements are equal or ‘1’ and the othemnehts will simply
be the reciprocals of the earlier comparisons.

Step 6: Perform calculations to find the maximuigelg value, consistency
index CI, consistency ratio CR, and normalized ealdor each
criteria/alternative.

Step 7: If the maximum Eigen value, Cl, and CR satisfactory then
decision is taken based on the normalized valuss;tke procedure
Is repeated till these values lie in a desired edn(yaidya & Kumar
2006:2)
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Table 6.8: Fundamental scale of absolute numbers

Intensity of Definition Explanation

Importance

1 Equal importance Two activities contribute equally
to the objective

2 Weak

3 Moderate importance Experience and judgment
slightly favor one activity over
another

4 Moderate plus

5 Strong importance Experience and judgment
strongly favor one activity over
another

6 Strong plus

7 Very strong or demonstrated An activity is favored very

importance strongly over another, its

dominance demonstrated in
practice

8 Very, very strong

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

Reciprocals If activity i has one of the A reasonable assumption

of above above non-zero numbers

assigned to it when
compared with activity j,
then j has the reciprocal
value when compared with i

Rationals Ratio arising from the scale

If consistency were to be forced
by obtaining n numerical values
to span the matrix

Source: Saaty (2005:7)

The above procedure for AHP calculations is widabcepted. However,
AHP procedure is complex and very time-consuming #rere may be lack of
transparency in the whole decision-making proc€$sfterjee et al., 2011). Forman
(1993) believes that consumption of great dealimmetis the major weakness of
AHP.
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Chatterjee et al. (2011) state that major weakisess@HP are the use of the
9-point scale, giving a scale limitation and “phev@mon of rank reversal which
occurs when indifferent criteria (for which all tladternatives perform in an equal
manner) is added to the decision matrix causinggaificant alteration of the
aggregate priorities of the alternatives, with imant undesirable consequence”
(Chatterjee et al. 2011:859). The weakness of tdbtian of indifferent criteria
causing alterations of the aggregate priorities diseussed with an example by
Pérez, Jimeno, and Mokotoff (2006).

AHP approach accommodates 7+2 hierarchical decothgpos and the
number of alternatives accommodated by AHP is kisibed to 7+2 (Shih, Shyur,
& Lee, 2007).

The major concerns about AHP approach with regardoublic sector
procurement are the possibility of a lack of traarspcy, the complexity of its
calculation (Chatterjee et al., 2011) and its tepesuming nature (Chatterjee et al.,
2011; Forman, 1993). One of the principles of pulbdiector procurement is
transparency, as described in Section 4.3 and/lide$tacles to transparency through
the decision analysis approach should be avoidedih®&r concern in public sector
procurement with AHP is the limit on the numberaviteria and the number of
alternatives (Shih et al., 2007), because publtosgrocurement cannot be limited
to a certain number of suppliers, or attributes|awy ("Dhaulathuge Maaliyyathuge
Gavaaidhu," 2009). In addition, according to BE@spair-wise comparison can be
used as discussed in Section 5.5.1.14. Therefdi® &nd ANP approaches are not

suitable for the research context.

6.3.2.7 DEA

Charnes et al.(1978) introduced DEA (Data Envelapgmealysis) concept
(Falagario et al.,, 2012; Li & Reeves, 1999; SanstBhal, 2011) as a linear
programming based technique to evaluate the dffigieof a group of decision
making units (DMUSs) that use multiple inputs to gwoe multiple outputs (Falagario
et al., 2012; Wang, Chin, & Luo, 2011). Performanoé the DMUs are calculated
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by maximising the efficiency of every DMU having ethconstraint that no
efficiencies can be greater than one (Wang et2fl11). In supplier selection,
suppliers are evaluated on the performance of heoeferia (outputs) and cost
criteria (inputs) (Wu, 2009).

The following DEA formulae and its explanations taken from Falagario et
al. (2012:525).

Falagario et al. (2012:525) explain the DEA apphoatth cross efficiency,
initially explaining how the DEA defining the follang formula for efficiency of

supplieri:

K
_ Dk=1Uk " Vi

E; =
H .
Zh=1 Uh * Xhi

3.3.2.7a

whereyy; is thek output performance valuek€ 1, 2,---,K) for the
actori (i=1, 2, , F), xy; is theh input performance valu& € 1, 2,--- , H) for the
actori, u,, is the weighting coefficient for thle output performance value, angl is

the weight coefficient for thé input performance value. The suppliés efficient

if E; = 1; otherwise, the supplier is considered asefinient.

Falagario et al. (2012:525) further describes thiatthe classical DEA
method, the efficiency of each actor is obtained dstermining the set of
coefficientsu;, andv, which maximizes this value and, at the same tinyetaking
into account that, for each acto; < 1 holds by definition”. So, the supplier
efficiency can be calculated by solving the follogriformulae for each suppliér

(Falagario et al., 2012):

maxE; 3.3.2.7b
St ZEt MYk < | with =12, . F
. .Zli_llzlvh_xhi —_ - )y nuny ) 3327C
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Ug,vp = 0fork=1,2,...,K;h=1,2, ..., H. 3.3.2.7d

Linearization can be done to solve the problem.237® - d) in two ways:
minimizing the inputs and keeping fixed the outpaiiues (input-oriented method) or
maximizing the outputs and keeping fixed the impaities (output-oriented method)
(Falagario et al., 2012).

Falagario et al. (2012:526) state that, accordmmghe second method, the

problem becomes as follows:

maxE; = Yo Uk * Yii 3.3.2.7e
S Yko1 Uk Yii — D= VX < Owithi=12,..,F, 3.3.2.7f
Yh=1Vp xp = 1. 3.3.2.79

and (3.3.2.7d).

The efficiency of the suppliers calculated by appiythe formulae (3.3.2.7e -
g) and (3.3.2.7d) for eadth supplier withi = 1, 2,--- , F. Hence, suppliers can be

ranked based; value (Falagario et al., 2012).

Falagario et al. (2012) proposed a cross-efficieapproach for supplier
evaluation and provided the following formula tolccdate thejth DMU cross

efficiency value:

1F INOF (viyg; +vky,; + o+ vhyk;
CE=2) Ey=z) < 1) 7 B2 ’jy’”> 3.3.2.7h

However, the DEA method has some difficulties wmeéke it inappropriate
to apply in the public sector procurement. Therapph also does not meet the
requirements of the European Union Directive, agkte or priority ranking are not
predefined in the DEA method (Falagario et al., 20IThe same requirement is
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enforced in the research context as mentioned ¢tid®e4.4.2, making the DEA not
applicable in this research project.

Weights are not pre-defined in the DEA method by [DR4lagario et al.,
2012). DEA method internally derives weights whepleed. Optimal weights for
the criteria are automatically calculated, basegenmiormance scores of the supplier.
There is no control or involvement of decision-nrakéor the importance of the
criteria in DEA approaches (Ng, 2008). Since tkis1ot in line with public sector
procurement regulations, as described in Sectid2 &4nd requirements described in
Section 5.4.1.4, DEA approaches are rejected torakearch.

6.3.2.8 COPRAS

COPRAS (COmplex PRoportional ASsessment) was dpedlo by
Zavadskas and Kaklauskas in 1996 for determiniegptiority and utility degree of
alternatives (Chatterjee et al.,, 2011, Edmundas ifiazas Zavadskas &
Antucheviciene, 2007)

COPRAS method is a structured approach for MCDAcWhaevaluates the
alternatives in terms of significance and degreeutdity (Edmundas Kazimieras
Zavadskas, Kaklauskas, Turskis, & Tamosaitiene BR000PRAS was applied to
solve various construction and engineering muljective and multi-attribute
problems (Edmundas Kazimieras Zavadskas & Antuciawe, 2007).

The method assumes “direct and proportional depeedef the significance
and utility degree of the investigated versionsairsystem of criteria adequately
describing the alternatives and of values and weigh the criteria” (Kaklauskas,
Zavadskas, & Trinkunas, 2007:168).

The following formulae and procedural steps of C@BRmnethod are taken
from Chatterjee, et al. (2011:853):
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Step 1:

Step 2:

Step 3:

Step 4.

Develop the initial decision matrk,

X111 X12 e Xin
X X v X

X = [xij]mxn = |2t 22 2n 3.3.2.8a
Xm1i Xmz2 - Xmn

wherex;; is the performance value th alternative onth criterion,
m is the number of alternatives compared ans the number of
criteria.

Normalise the decision matrix using thkovang equation. The
purpose of normalization is to obtain dimensionlesdues of

different criteria so that all can be compared.
xij

R = [Ti]']mxn = 3.3.2.8b

Determine the weighted normalized decimairix, D.
D = [yijlmxn = rijxw; (i=12,..,m;j =12,..,n) 3.3.2.8c
wherer;; is the normalized performance value ithf alternative
onjth criterion andy; is the weight ofth criterion. The sum of
dimensionless weighted normalized values of eadterian is

always equal to the weight for that criterion.

m
Zyl-j =w, 3.3.2.8d
i=1

The sums of weighted normalized valuesal®ilated for both the
beneficial attributes and non-beneficial attribut€ke lower is the
value of a non-beneficial attribute, such as pribe, better is the
attainment of goal. On the other hand, the greaténe value of a
beneficial attribute, such as quality, the bettethe attainment of

goal. These sums are calculated using the followmuations:

n

S, = Zyﬂ-j 3.3.2.8¢
=
n

S, = Zy_l-j 3.3.2.8f
j=1
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wherey,;; andy_;; are the weighted normalized values for the
beneficial and non-beneficial attributes respedtyive

Step 5: Determine the significances of the alt®érea on the basis of
defining the positive alternativess; and negative
alternativesS_; characteristics.

Step 6: Determine the relative significances dorgires of the alternatives.
The priorities of the candidate alternatives ateutated on the basis
of Q;. The greater the value @f, the higher is the priority of the
alternative. The alternative with the highest iekatsignificance
value Q,,4x) 1S the best choice among the candidate altermgtiv
Relative significance value (priority®); of ith alternative can be
obtained as below:

S_min Li=15-i

S_i 221 (S min/S—i

whereS_,,i, IS the minimum value f_;.

Q=S4+

5 (=12,..,m) 3.3.2.89

Step 7: Calculate the quantitative utility;) for ith alternative. The degree
of an alternative s utility is directly associated with its relative
significance valued;). The degree of an alternative’s utility, leading
to a complete ranking of the candidate alternatiieedetermined by
comparing the priorities of all the alternativegshwihe most efficient
one, and can be denoted as below:

U; = Qi
Qmax

whereQ,,., IS the maximum relative significance value. Witle th

X 100% 3.3.2.8h

increase or decrease in the value of the relaiyafeance for an
alternative, it is observed that its degree ofitytilso increases or
decreases.

The above steps provided by Chatterjee et al. (ROdite a clear

mathematical procedure to apply COPRAS in MCDAImal falternatives in relation
to its utility, based on the set criteria.
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To illustrate the application of this method, theme example used for
weighted sum and TOPSIS is repeatedly presentede¥ample, an organisation
announces for bids to purchase a multi-purposetipgmmachine with evaluation
criteria; duration of delivery, price and experienof supplier along with their
weights 10, 70, and 15 respectively. Duration ignted in days, price in MVR, and
experience in years. Duration and price are caria targeted to minimise and the
experience is a beneficial criteria targeted to imeée. Three companies submitted
bids and their bidding data as presented in Tal®e Bhe weighted normalised
matrix for COPRAS is presented in Table 6.10.

Table 6.9: Raw data

. Duration Price Experience
Bidder
10 75 15
A 21 67,667.00 13
B 30 66,067.00 14
C 28 33,161.00 12

Table 6.10: Weighted normalised matrix

Bidder | Duration Price Experience
A 0.041176 | 0.304085 0.05
B 0.058824 | 0.296895 0.053846
C 0.054902 | 0.14902 0.046154

Using the weighted normalised matrix by COPRAS waled sums of
weighted normalised values for the beneficial latties(S,;) and non-beneficial
attributes(S_;),
utility (U;), and the ranks obtained. These results are showable 6.11.

relative significances of the alternativ&s), quantitative

Table 6.11: COPRAS results

Bidder S.i S_; Q; U; Rank
A 0.05 | 0.345261 | 0.296991 | 63.96051 2
B 0.053846 | 0.355718 | 0.293576 | 63.22515

C 0.046154 | 0.203922 | 0.464335 100 1
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Based on the COPRAS results, bidder C achieveditjigest value utility

score, which ranked the bidder in first place.

Since COPRAS evaluates the alternatives based @imgitificance and utility
degree, and the method is applied in various MCDwblems (Edmundas
Kazimieras Zavadskas & Antucheviciene, 2007), ivésy appealing to apply in

public sector procurement.

However, there are some critics of the method. Bekly (2011) stated that
COPRAS has an inherent inconsistency which may teadcorrect evaluation of
the alternatives. Stability of COPRAS is also lesmpared to other methods when
data variation is considered, as it may have a higggee of change in ranks of the
alternatives due to changes in data, unlike othethads (Podvezko, 2011).

In the research context, the performance valuabefsuppliers will not be
changed and the allocated weights will not be chdngrlherefore, there will not be
change in data in public sector procurement ofcthreext. Considering the issue of
data variation in COPRAS, the method is furtheld@atd in the following Chapter
for its performance with the real life procuremeldta gathered from the public

education institutions, as mentioned in Section 3.6

6.3.3 Outranking methods

Outranking methods are originally developed to satgal-world problem
regarding decisions dealing with the developmentnefv activities in firms
(Figueira, Mousseau, & Roy, 2005).

Outranking methods compare each criterion of twonore alternatives at a
time to identify the degree of preference over ttleer. Based on the collected
preference information for all relevant criteriaaf the alternatives, the outranking

method tries to show the substantiation of choicen® alternative over the other:
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for example, by choosing the alternative that hasgher number of criteria with a
greater degree of preference compared to othenatiees (Linkov et al., 2004).

Outranking methods are regarded as partially cosgiery methods which
also have the capability of dealing with situationswhich imprecision is present
(Luitzen de Boer, Wegen, & Telgen, 1998). Outragkinodels are suitable when
criteria metrics are difficult to combine, varigifymeasurement scales are used, and

units are unequal (Linkov et al., 2004).

Figueira et al. (2005) provided the contexts whtre basic outranking
methods are applicable. Figueira et al. (2005gdtat basic outranking methods are

applicable to the following situations:

1 “The decision-maker (DM) wants to include in thedabat least three
criteria. However, aggregation procedures are radepted in situations
when decision models include more than five citdup to twelve or
thirteen).

And, at least one of the following situations miostverified.

2 Actions are evaluated (for at least one criterimm)an ordinal scale or on
a weakly interval scale. These scales are notldaifar the comparison
of differences. Hence, it is difficult and/or aitifil to define a coding that

9j(@)—g,®)

makes sense in terms of preference differencesefrdtios
gj(©)—g;(d)

whereg;(x) is the evaluation of action on criteriory;.

3 A strong heterogeneity related with the naturevall@ations exists among
criteria (e.g., duration, noise, distance, secudtjtural sites, monuments,
...). This makes it difficult to aggregate all theteria in a unique and
common scale.

4 Compensation of the loss on a given criterion kyas on another one
may not be acceptable for the DM. Therefore, suithatons require the
use of non-compensatory aggregation procedures.

5 For at least one criterion the following holds trgenall differences of

evaluations are not significant in terms of prefees, while the
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accumulation of several small differences may bex@mnificant. This
requires the introduction of discrimination threlsiso(indifference and
preference) which leads to a preference structutie & comprehensive

intransitive indifference binary relation.” (Figuaiet al., 2005:136)

The very first and compulsory context provided abdyy Figueira at al.
(2005) limits the number of criteria to be usedha outranking methods. However,
based on enforced procurement criteria discuss&gation 4.4.3 and Section 5.3.2,
we cannot have a definite number of criteria inlgukector procurement: they vary,

based on the material or service under procurenm@rgideration.

The second context provided as an optional sitoalwove by Figueira et al.
(2005) stating to have an ordinal scale for attlesee criterion which cannot be
confirmed for every public sector procurement, las driteria are defined for every
procurement, based on the material or service upd®rurement consideration as
referred to in Section 4.4.3 and Section 5.3.2, iamday not necessarily have any
criteria with ordinal scale.

The third context provided as an optional situatbgnFigueira et al. (2005)
stating to have strong heterogeneity among criteaiaalso be applicable in certain
public procurement situations but may not be ethbt for every public sector
procurement, as the criteria are defined for ey@ocurement consideration, based
on the procurement regulations referred in Sectigh3 and in practice stated in
Section 5.3.2.

The fourth context provided as an optional situatiy Figueira et al. (2005)
regarding compensation of criteria could be acakpte the public sector
procurement under study, as the procurement regulabes not specify anything

about accepting or not accepting compensationitgrier in evaluation.
The fifth context provided as an optional situatlmn Figueira et al. (2005)
relating to not considering the significance of Brddferences in evaluation cannot

be accepted in public sector procurement as iitesl the basic principles of public
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sector procurement, as discussed in Section 4 ®8ekder, the second criteria, stating
that several small differences become significast valid in public sector

procurement too.

Therefore, public sector procurement contradigiatentified above, based
on the applicable situations for fundamental oWtirmgn methods provided by
Figueira et al. (2005), and requirements identifiedSection 5.5.1.12 outranking
methods cannot be considered in public sector peocent in the context of this

research.

In additional to that, Boer et al. (1998) statettbatranking methods in
purchasing decisions are not recommended in purghas operations research
literature and outranking models should not be id@med as a substitute for existing
supplier selection models. However, it can be wsed supplement model. Since the
research is focused not on a supplementary moded ptimary model which fits in
with public sector requirements, outranking methaae rejected. Therefore, no

further description of individual outranking mettisod made in this section.

6.3.4 Fuzzy methods

Fuzzy logic came into existence from the concefat fafzzy set which is a set
having no crisp, clear defined boundary (ParthibBominic, & Dhanalakshmi,
2010). Kahraman, Cebeci, and Ulukan (2003) deffoedy set as “a class of objects
with a continuum of grades of membership. Such tisecharacterized by a
membership (characteristic) function, which assigoseach object a grade of
membership ranging between zero and one.” Elemanésfuzzy set have only a
partial membership. An element with a value of zeraot counted as a member of
the fuzzy set and an element with a value of ore fisll member. Fuzzy members
hold values between 0 and 1 (Parthiban et al., 2010

Fuzzy set theory was introduced by Zadeh (1965)deal with vague
parameters (Kahraman et al., 2003; Kumar, Vrat,hfartkar, 2006). The theory of
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fuzzy set is one of the best tools in decision-mgkivhen a high degree of
uncertainties are involved, due to imperfectiond emmplications of the information
process (Amid, Ghodsypour, & O’Brien, 2006; Kumaiak, 2006; Parthiban et al.,
2010).

Some authors, such as Kumar et al. (2006) and Kedmaet al. (2003)
suggested supplier selection models, using fuzaprtes combined with other
models, and the fuzzy theories were employed duke@resence of vagueness and
imprecision of information in the supplier seleatiproblem which is intended for

the private sector.

Based on the results of the review of literatureedby Ho et al. (2010) on
MCDA approaches for supplier selection appearintpéinternational journals from
year 2000 to 2008, fuzzy theories were used mainlyypothetical cases and only
one suggestion was made for application in highfetogy manufacturing. No
literature showed any evidence of the applicatibrfuazy theories in the public

sector.

As requirements discussed in Section 4.2.3.2, @ecti3.3, Section 4.3.4
Section 5.5.1.7, Section 5.5.1.8, and Section A.8,1public sector procurement
decisions are to be executed based on the predanfmmation collected from the
suppliers which are crisp data. Based on the pugdator principles discussed in
Section 4.3 the performances of the suppliers dammchanged to fuzzy values, as it
violates the principles of non-discrimination, eliyaand proportionality. Therefore,
fuzzy methods are not best applicable in publidaeprocurement. Since fuzzy
methods are not best applicable methods and havebewn suggested by the
literature (Ho et al., 2010), it is rejected foisthhesearch context. Therefore, no

further description of individual fuzzy methodsmsde in this section.
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6.3.5 Mixed methods

Mixed methods use a combination of more than om@ogeh for MCDA.
Even though Table 4.1 shows only two methods inntineed methods group, there

are numerous mixed methods in literature.

The first method listed under mixed methods isNfeetel and Zaras method
which uses pairwise comparison and an outrankinghode For the pairwise
comparison, the stochastic dominance is used.dParegferences are based on these
pairwise comparisons. The outranking relation it tiased on a concordance index
and discordance index (Guitouni & Martel, 1998)inc® out ranking methods are
not considered for public sector procurement ada@xgd in Section 6.3.3, and it
contradicts the requirements discussed in Sectiéril.A3 and Section 5.5.1.14,

Martel and Zaras method is not applicable to tiseasch context.

The second method Ilisted under mixed methods is zyfuz
conjunctive/disjunctive method. This method is &apwhen data is fuzzy. A fuzzy
value is computed using the possibility measure ted necessity measure. The
preference will be the alternative with the highdsgree of match (Guitouni &
Martel, 1998). Since this method uses fuzzy log&gexplained in Section 6.3.4 and
method of conjunctive/disjunctive approach as erpld in Section 6.3.1.3, fuzzy

conjunctive/disjunctive method is not applicabletfte research context.

In addition to the mixed methods listed in Tabl&, dased on the review of
literature by Ho et al. (2010) on MCDA approachesdupplier selection appearing
in the international journals from year 2000 to 0@here are 20 more mixed
methods listed in literature in 32 publications.m&thods out of the 20 methods are
intended for manufacturing firms, one of which wadso suggested for
pharmaceutical industry and the rest are hypothletiases. None of these methods

are suggested for public sector procurement irelitee.

Most of the mixed methods are context specific aaditerature suggested
applying mixed methods in the public sector (Halet 2010). Mixed methods are

also more complex than other single methods and ctiraplexity may cause
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difficulty for public sector suppliers to understhrand submit best offers. In
addition, BEC members require a clear, easy me#rmito minimise complaints
from suppliers as explained in Section 5.5.5.81i8ec&.5.5.6 and Section 5.5.3.1.
Since mixed methods are more complex for meetirgg réguirements discussed

above, they are rejected.

6.4  Applicable MCDA methods in public sector procuement

Guitouni and Martel (1998) state that almost all MCmethods are based on
DM preferences, to make suggestions, and probleissia assessing and modelling
the DM preferences as it may not be modelled orlyogical rules and relations.
The assumptions made through DM preferences influéghe MCDA process and
the result (Guitouni & Martel, 1998).

Similarly, in selecting the MCDA model, public sect procurement
regulations influence the choice of the method ubloits rigid procedures and
expected outcome. Through comparison of publicosegtocurement regulations
with the characteristics of MCDA methods studigdisi evident that only a few
methods among them are applicable in the reseamtext. The possible MCDA
methods that could be applied in the research gbbtesed on the comparisons are
as follows:

1. TOPSIS. It has some weaknesses. However, no dioedtict with
public sector procurement is evident, as discuss&ection 6.3.2.1.

2. COPRAS. It is also an appealing technique with seveaknesses.
However, no direct conflict with public sector pppement is evident

as discussed in section 6.3.2.8.

Weighted sum is the current practice for procurdndecision-making in the

research context. However, it has conflicting iss@es discussed in Section 6.3.1.1.

To identify the method to be applied in an e-precuent decision support
system for the research context, the applicabléaakstidentified above are analysed
with real life procurement data to assess its perémces. This analysis is done in
Chapter 7.
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6.5 Conclusion

This chapter has discussed the major MCDA methodsl @heir
characteristics, and compared the characteristitis public sector procurement
regulations of the research context to identifyapplicability of the methods.

MCDA methods are logically grouped based on simitharacteristics.
Initially, the group characteristics are comparathwhe public sector procurement
under concern. If the group characteristics aime @onsiderable nature, the individual
methods in the group are discussed, with their atharistics, and compared to
public sector procurement regulation in researattecd to verify its applicability in

the research.

Based on the qualitative comparison of the MCDAhuds with the public
sector procurement under concern, it identified B®MODA methods to be considered
for the next phase of data analysis. The identifredthods are TOPSIS and
COPRAS. Along with two methods, the weighted suathad, which is the method
currently in practice will be applied to the colied procurement data for quantitative

analysis.
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CHAPTER 7

PERFORMANCE ANALYSIS

7.1 Overview

As mentioned in Chapter 6 and Chapter 2 on researetinodology and
illustrated in Figure 2.2, a performance analysisswonducted on the filtered
MCDA methods as one of the major components of rkmearch project. This
chapter presents and discusses the performancesisnabased on real life

procurement data from public sector institutions.

At first the chapter presents the performance$i@fsuppliers for the selected
procurements from the institution with the evaloatiresults in Section 7.4. The
second part presents the application of the sarte tdathe filtered two methods,
TOPSIS and COPRAS, with their results. Applicat@nTOPSIS is presented in
Section 7.5 and application of COPRAS is preseme&ection 7.6. Finally the
results are analysed in order to assess the peafmenof the two methods. The
comparative result analysis is presented in Secligh Performance analyses of
these results are presented in Section 7.8 usieg thfferent methods of evaluation.
Finally MCDA application on the methods is presenteSection 7.9.
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7.2 Introduction

Performance analysis is one of the major comporwrttss research project,
as discussed in the research methodology chapher.p&rformance analyses are

executed according to the research design discussettion 3.5.

Real life procurement data collected from publictse institutions were
applied to TOPSIS and COPRAS. Variance analysisigieeence/incongruence

analysis and stability analysis were applied torésailts.

7.3 Data collection and analysis

Real life procurement data sets were collected fpoinlic sector education
institutions. The data collection and analysis pthoes are discussed in Section
3.6.1. The following sections show the sample @ata its application on TOPSIS
and COPRAS.

7.4  Sample sets of real life procurement data

This data represents the allocated supplier pedooes for the assigned
criteria and weights for the criteria. The sam@és show the results obtained by

the institutions using their current evaluation nogt, which is weighted sum.

The names of the bidders are represented as ‘Adweld by a sequence
number to show the alternatives for the particpi@curement. The names of the
bidders and the institutions are not shown, foprimfation protection purposes as
stated in information sheet provided to the edoecainstitutions. However, the

performance values are unchanged.

The institutions followed weighted sum evaluatioathod for bid evaluation
as described in Section 6.3.1.1 to find the bdstradtive. Therefore, along with the
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data, the results of weighted sum for the datashmevn to represent the selection
made by the institutions.

7.4.1 Sample 1l

Sample 1 is a procurement of work related to bagdnterior restructuring.
Three companies submitted the bids. The critereaghts and supplier performances
are shown in Table 7.1. The weights are shown belmnlisted criteria. Duration
and price are cost criteria targeted to minimisggoing and the rest are beneficial

criteria targeted to maximise positive outcome.

Table 7.1: Sample 1 data

Experience (20) Financial
Bidder | Duration Price No. Of Years | Similar Task | Strength
30 40 10 10 10
Al 90 | 678,919.00 10 10 10
A2 60 | 549,972.44 0 0 0
A3 44 | 730,000.00 10 10 10

Duration is counted in days; price counted in M{Re number of years of
experience counted in years; similar tasks andn@i@h strength is the financial
strength of the supplier and it represent markacated to them. Table 7.2 shows the
results of applying weighted sum.

Table 7.2: Weighted Sum results of Sample 1

Financial
Bidder Price Duration | Experience | strength Total
Al 27.10 14.67 20.00 10.00 71.77
A2 40.00 22.00 0.00 0.00 62.00
A3 25.20 30.00 20.00 10.00 85.20

According to the weighted sum results bidder A3ieodd the highest score

and won the procurement.
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7.4.2 Sample 2

Sample 2 is a procurement of materials and the upetof computer
laboratories. Three companies submitted the bidsveder A3 was rejected for not
meeting the specification. The criteria, weightd anpplier performances are shown
in Table 7.3. The weights are shown below thedisteteria. Duration and price are
cost criteria targeted to minimise outlay and eiqrere is a beneficial criterion

targeted to maximise outcomes.

Table 7.3: Sample 2 data

. Duration Price Experience
Bidder
10 75 15
Al 21| 676,677.83 13
A2 30 | 660,671.55 14
A3 28 | 331,614.00 0

Duration is counted in days, price in MVR, and exgi&ce in years. Table 7.4

shows the results of applying weighted sum.

Table 7.4: Weighted Sum results of Sample 2

Bidder | Duration Price Experience | Total
Al 10.00 73.23 13.00 96.23
A2 7.00 75.00 14.00 96.00

According to the weighted sum results, bidder Aliewed the highest scores

and won the procurement.

7.4.3 Sample 3

Sample 3 is a procurement of printing books. Faumganies submitted the
bids. The criteria, weights and supplier perfornegnare shown in Table 7.5. The

weights are shown below the listed criteria. Dwratend price are cost criteria
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targeted to minimise outlay, and experience is aefigal criterion targeted to

maximise outcomes.

Table 7.5: Sample 3 data

Duration Price Experience
Bidder
35 50 15
Al 4 | 195,301.00 15
A2 25| 175,626.00 15
A3 25 | 249,230.00 15
A4 4| 170,397.00 15

Duration is counted in days, price in MVR, and exg®ce in years. Table 7.6

shows the results of applying weighted sum.

Table 7.6: Weighted Sum results of Sample 3

Bidder Price Duration | Experience | Total

Al 43.62 35.00 15.00 93.62
A2 48.51 5.60 15.00 69.11
A3 34.18 5.60 15.00 54.78
A4 50.00 35.00 15.00 | 100.00

According to the weighted sum results, bidder AHiened the highest score

and won the procurement.

7.44 Sample 4

Sample 4 is a procurement of renovating a sciemdm®ratory. Seven
companies submitted bids. The criteria, weights aogplier performances are
shown in Table 7.7. The weights are shown belowligted criteria. Duration and
price are cost criteria targeted to minimise outday experience is beneficial criteria

targeted to maximise outcome.
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Table 7.7: Sample 4 data

Duration Price Experience
Bidder
10 75 15
Al 5 16,500.00 0
A2 15 38,700.00 0
A3 28 46,730.00 0
A4 26 49,900.00 0
A5 28 115,532.00 0
A6 60 121,405.00 0
A7 24 137,867.80 0

Duration is counted in days, price in MVR, and exg®ce in years. Table 7.8

shows the results of applying weighted sum.

Table 7.8: Weighted Sum results of Sample 4

Bidder Price Duration | Experience | Total

Al 75.00 10.00 0.00 85.00
A2 31.98 3.33 0.00 35.31
A3 26.48 1.79 0.00 28.27
A4 24.80 1.92 0.00 26.72
A5 10.71 1.79 0.00 12.50
A6 10.19 0.83 0.00 11.03
A7 8.98 2.08 0.00 11.06

According to the weighted sum results, bidder Aliiewed the highest score

and won the procurement.

7.45 Sample5

Sample 5 is a procurement of renovating a stafinto&our companies

submitted bids. The criteria, weights and suppderformances are shown in Table
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7.9. The weights are shown below the listed cateBuration and price are cost
criteria targeted to minimise outlay and experieisca beneficial criteria targeted to

maximise outcomes.

Table 7.9: Sample 5 data

. Duration Price Experience
Bidder
10 80 10
Al 9 88,600.00 3.6
A2 25 101,632.00 7.6
A3 15 116,297.78 4.8
Ad 13 139,000.00 4.4

Duration is counted in days, price in MVR, and eigrgce in years. Table

7.10 shows the results of applying weighted sum.

Table 7.10: Weighted Sum results of Sample 5

Bidder Price Duration | Experience | Total

Al 80.00 10.00 2.74 92.74
A2 69.74 3.60 5.78 79.12
A3 60.95 6.00 3.65 70.59
A4 50.99 6.92 3.34 61.26

According to the weighted sum results, bidder Aliiewed the highest score

and won the procurement.

7.4.6 Sample 6

Sample 6 is a procurement of renovating desksedtiftompanies submitted
bids. The criteria, weights and supplier perfornesnare shown in Table 7.11. The
weights are shown below the listed criteria. Daratend price are cost criteria
targeted to minimise outlay and experience is aet@al criteria targeted to

maximise outcomes.
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Table 7.11: Sample 6 data

Duration Price Experience
Bidder
10 80 10

Al 10 8,165.00 0.64
A2 12 9,260.00 8.18
A3 9 13,000.00 0.00
A4 7 18,000.00 0.00
A5 8 19,000.00 0.00
A6 8 19,500.00 0.00
A7 12 19,400.00 0.00
A8 10 22,979.00 0.00
A9 20 24,250.00 0.00
Al10 15 27,750.00 0.00
All 10 29,900.00 0.00
Al2 6 37,500.00 0.00
Al3 10 33,950.00 0.00
Al4 7 39,000.00 0.00
Al5 20 55,500.00 0.00

Duration is counted in days, price in MVR, and eigrece in years. Table

7.12 shows the results of applying weighted sum.

Table 7.12: Weighted Sum results of Sample 6

Bidders Price Duration | Experience | Total

Al 80.00 6.00 0.64 86.64
A2 70.54 5.00 8.18 83.72
A3 50.25 6.67 0.00 56.91
A4 36.29 8.57 0.00 44.86
A5 34.38 7.50 0.00 41.88
A6 33.50 7.50 0.00 41.00
A7 33.67 5.00 0.00 38.67
A8 28.43 6.00 0.00 34.43
A9 26.94 3.00 0.00 29.94
Al10 23.54 4.00 0.00 27.54
Al1l 21.85 6.00 0.00 27.85
Al2 17.42 10.00 0.00 27.42
Al13 19.24 6.00 0.00 25.24
Al4 16.75 8.57 0.00 25.32
A15 11.77 3.00 0.00 14.77
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According to the weighted sum results, bidder Aliewed the highest score.

However the evaluation committee selected A2 utitgr discretion, since the price
was less than MVR25,000.

7.4.7 Sample 7

Sample 7 is a procurement of building repair workbree companies

submitted bids. The criteria, weights and suppderformances are shown in Table

7.13. The weights are given below the listed aateDuration and price are cost

criteria targeted to minimise outlay and the rast leneficial criteria targeted to

maximise outcomes.

Table 7.13: Sample 7 data

Financial Technical

Bidder | Duration Price Experience | capability | capability
20 40 15 5 20

Al 75 240,750.00 14 0 3

A2 85 284,820.00 12 0 17

A3 58 197,961.00 3 0 3

Duration is counted in days, price in MVR, and exgr&ce in years; financial

capability and technical capability show their ellted marks. Table 7.14 shows the

results of applying weighted sum.

Table 7.14: Weighted Sum Results of Sample 7

Technical | Financial
Bidders Price Duration | Experience | capability | capability Total
Al 32.89 15.47 14.00 3.53 0.00 65.89
A2 27.80 13.65 12.00 20.00 0.00 73.45
A3 40.00 20.00 3.00 3.53 0.00 66.53
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According to the weighted sum results, bidder ARiewed the highest score

and won the procurement.

7.4.8 Sample 8

Sample 8 is a procurement of repair works of amneaelaboratory. Three
companies submitted bids. The criteria, weights aogplier performances are
shown in Table 7.15. The weights are shown belaigied criteria. Duration and
price are cost criteria targeted to minimise oulayg the rest are beneficial criteria

targeted to maximise outcomes.

Table 7.15: Sample 8 data

Financial | Technical

Bidder | Duration Price Experience | capability | capability
20 40 15 5 20

Al 20 92,232.00 14 0 3

A2 12 34,200.00 12 0 17

A3 15 40,720.00 3 0 3

Duration is counted in days, price in MVR, and exgr&ce in years; financial
capability and technical capability show their eddited marks. Table 7.16 shows the

results of applying weighted sum.

Table 7.16: Weighted Sum results of Sample 8

Technical | Financial
Bidders Price Duration | Experience | capability | capability | Total
Al 14.83 12.00 15.00 3.53 0.00 45.36
A2 40.00 20.00 12.86 20.00 0.00 92.86
A3 33.60 16.00 3.21 3.53 0.00 56.34

According to the weighted sum results, bidder ARiened the highest score.
Therefore, A2 was the best candidate to be awatdedid.
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7.4.9 Sample 9

Sample 9 is a procurement of repair works of amneaelaboratory. Three
companies submitted bids. The criteria, weights aogplier performances are
shown in Table 7.17. The weights are shown belaigied criteria. Duration and
price are cost criteria targeted to minimise outdayd the rest of the criteria are

beneficial criteria targeted to maximise outcomes.

Table 7.17: Sample 9 data

Financial | Technical

Bidder | Duration Price Experience | capability | capability
20 40 15 5 20

Al 15 59,140.00 14 0 3

A2 18 62,220.00 12 0 17

A3 20 23,341.00 3 0 3

Duration is counted in days, price in MVR, and exgr&ce in years; financial
capability and technical capability show their edited marks. Table 7.18 shows the

results of applying weighted sum.

Table 7.18: Weighted Sum results of Sample 9

Technical | Financial
Bidders Price Duration | Experience | capability | capability | Total
Al 15.79 20.00 15.00 3.53 0.00 54.32
A2 15.01 16.67 12.86 20.00 0.00 64.53
A3 40.00 15.00 3.21 3.53 0.00 61.74

According to the weighted sum results, bidder ARiened the highest score.

Therefore, A2 was the best candidate to be awatdedrocurement.

7.4.10 Sample 10

Sample 10 is a procurement of repair works of iatepainting. Three
companies submitted bids. The criteria, weights aogplier performances are

shown in Table 7.19. The weights are shown belaigied criteria. Duration and
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price are cost criteria targeted to minimise ouday the rest are beneficial criteria

targeted to maximise outcomes.

Table 7.19: Sample 10 data

Financial Technical
Bidder | Duration Price Experience | capability capability
20 40 15 5 20
Al 15 32,656.00 14 0 3
A2 20 71,500.00 12 0 17
A3 10 24,000.00 3 0 3

Duration is counted in days, price in MVR, and aigr&ce in years; financial

capability and technical capability show their ellted marks. Table 7.20 shows the

results of applying weighted sum.

Table 7.20: Weighted Sum results of Sample 10

Technical | Financial
Bidders | Price | Duration | Experience | capability | capability | Total
Al 29.40 13.33 15.00 3.53 0.00 61.26
A2 13.43 10.00 12.86 20.00 0.00 56.28
A3 40.00 20.00 3.21 3.53 0.00 66.74

According to the weighted sum results, bidder ABiewed the highest score.

Therefore, A3 was the best candidate to award theupement.

7.4.11 Sample 11

Sample 11 is a procurement of repair works of iatepainting. Three
companies submitted bids. The criteria, weights aogplier performances are

shown in Table 7.21. The weights are shown belaigied criteria. Duration and
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price are cost criteria targeted to minimise ouday the rest are beneficial criteria

targeted to maximise outcomes.

Table 7.21: Sample 11 data

Financial Technical
Bidder | Duration Price Experience | capability | capability
20 40 15 5 20
Al 15 30,945.00 14 0 3
A2 19 65,450.00 12 0 17
A3 7 102,000.00 3 0 3

Duration is counted in days, price in MVR, and eigece in years; financial
capability and technical capability show their elted marks. Table 7.22 shows the

results of applying weighted sum.

Table 7.22: Weighted Sum results of Sample 11

Technical | Financial
Bidders Price Duration | Experience | capability | capability Total
Al 40.00 9.33 15.00 3.53 0.00 67.86
A2 18.91 7.37 12.86 20.00 0.00 59.14
A3 12.14 20.00 3.21 3.53 0.00 38.88

According to the weighted sum results, bidder Aliewed the highest score.

Therefore, Al was the best candidate to be awa grbcurement.

7.4.12 Sample 12

Sample 12 is a procurement of repair works of iatepainting. Three
companies submitted bids. The criteria, weights aogplier performances are

shown in Table 7.23. The weights are shown belaligied criteria. Duration and
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price are cost criteria targeted to minimise ouday the rest are beneficial criteria

targeted to maximise outcomes.

Table 7.23: Sample 12 data

Financial | Technical

Bidder | Duration Price Experience | capability | capability
20 40 15 5 20

Al 10 25,777.00 14 0 3

A2 16 62,450.00 12 0 17

A3 6 7,900.00 3 0 3

Duration is counted in days, price in MVR, and eigece in years; financial
capability and technical capability show their ellted marks. Table 7.24 shows the

results of applying weighted sum.

Table 7.24: Weighted Sum results of Sample 12

Technical | Financial
Bidders Price Duration | Experience | capability | capability | Total
Al 12.26 12.00 15.00 3.53 0.00 42.79
A2 5.06 7.50 12.86 20.00 0.00 45.42
A3 40.00 20.00 3.21 3.53 0.00 66.74

According to the weighted sum results, bidder ABieed the highest score.
Therefore, A3 was the best candidate to be awatdedrocurement.

7.4.13 Sample 13

Sample 13 is a procurement of security servicege Ebmpanies submitted

the bids. The criteria, weights and supplier penfmnces are shown in Table 7.25.
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The weights are shown below the listed criteriacdrs a cost criterion targeted to
minimise outlay and the rest are beneficial crdgargeted to maximise outcomes.

Table 7.25: Sample 13 data

Experience
. Price Financial Technical

Bidder capability capability

50 10 25
Al 12,000.00 10 25
A2 9,180.00 10 10
A3 12,620.00 0 18
A4 8,500.00 5 5
A5 10,500.00 3 5

Price is in MVR; financial capability and technicehpability show their
allocated marks. Table 7.26 shows the results plfyamy weighted sum.

Table 7.26: Weighted Sum results of Sample 13

Experience
Bidders | Price Financial Technical Total
capability capability
Al 35.42 10.00 25.00 70.42
A2 46.30 10.00 10.00 66.30
A3 33.68 0.00 18.00 51.68
A4 50.00 5.00 5.00 60.00
A5 40.48 3.00 5.00 48.48

According to the weighted sum results, bidder Aliiewed the highest score

and won the procurement.
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7.5  Application of TOPSIS

TOPSIS was applied to the sets of data sampleseabswg the TOPSIS
formulae provide in Section 6.3.2.1. The followisgctions show the significant
parts of the results obtained with TOPSIS, whictlude a weighted normalised
matrix, positive-ideal solution A(), negative-ideal solution(4™), separation

measures from the ideal solutiom}'), separation measures from the negative-ideal

solution(d;), relative closeness to the ideal solut{@g), and the ranks obtained.

7.5.1 Sample 1: TOPSIS application

Table 7.27 shows the weighted normalised matrisitpe-ideal solution,
and negative-ideal solution for Sample 1 data prtesein Table 7.1 by TOPSIS.
Duration and price are cost criteria targeted taimise and the rest are beneficial

criteria targeted to maximise.

Table 7.27: TOPSIS weighted normalised matrix fam$le 1 data

No. Of Similar | Financial
Bidder | Duration Price Years Tasks Strength
Al 0.231217 | 0.23852 | 0.070711 | 0.070711 | 0.070711
A2 0.154145 | 0.193218 0 0 0
A3 0.11304 | 0.256466 | 0.070711 | 0.070711 | 0.070711
At 0.11304 | 0.193218 | 0.070711 | 0.070711 | 0.070711
A~ 0.231217 | 0.256466 0 0 0

Calculations using the weighted normalised matrix TOPSIS results
separation measures from the ideal solution, separmeasures from the negative-
ideal solution, relative closeness to the ideautsmh, and the ranks which are

presented in Table 7.28.
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Table 7.28: TOPSIS results for Sample 1 data

Bidder dj d; R; Rank
Al 0.126563 | 0.123782 | 0.494446 2
A2 0.129188 | 0.099702 | 0.435588 3
A3 0.063248 | 0.170194 | 0.729064 1

Based on the TOPSIS results bidder A3 was closeshd ideal solution,

getting the highest score, which ranked the biddérst place.

7.5.2 Sample 2: TOPSIS application

Table 7.29 shows the weighted normalised matrisitpe-ideal solution,
and negative-ideal solution for Sample 2 data prtesein Table 7.3 by TOPSIS.
Duration and price are cost criteria targeted tmimise and the experience is a

beneficial criteria targeted to maximise.

Table 7.29: TOPSIS weighted normalised matrix f@am$le 2 data

Bidder | Duration Price Experience
Al 0.057346 | 0.536639 0.102068
A2 0.081923 | 0.523945 0.109919
At 0.057346 | 0.523945 0.109919
A~ 0.081923 | 0.536639 0.102068

Calculations using the weighted normalised matrix TOPSIS results
separation measures from the ideal solution, sgeparmeasures from the negative-
ideal solution, relative closeness to the ideautsmh, and the ranks which are

presented in Table 7.30.

Table 7.30: TOPSIS results for Sample 2 data

Bidder df d; R; Rank
Al 0.014926 | 0.024577 | 0.62216 1
A2 0.024577 | 0.014926 | 0.37784
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Based on the TOPSIS results, bidder A1 was clasesihie ideal solution
getting the highest score, which ranked the biddérst place.

7.5.3 Sample 3: TOPSIS application

Table 7.31 shows the weighted normalised matrisitpe-ideal solution,
and negative-ideal solution for Sample 3 data prtesein Table 7.5 by TOPSIS.
Duration and price are cost criteria targeted tmimise and the experience is a

beneficial criteria targeted to maximise.

Table 7.31: TOPSIS weighted matrix for Sample Z&dat

Bidder | Duration Price Experience
Al 0.039101 | 0.244021 0.075
A2 0.244379 | 0.219438 0.075
A3 0.244379 | 0.311404 0.075
A4 0.039101 | 0.212905 0.075
At 0.039101 | 0.212905 0.075
A™ 0.244379 | 0.311404 0.075

Calculations using the weighted normalised matrix TOPSIS results
separation measures from the ideal solution, separmeasures from the negative-
ideal solution, relative closeness to the idealutsmh, and the ranks which are
presented in Table 7.32.

Table 7.32: TOPSIS results for Sample 3 data

Bidder dj d; R; Rank
Al 0.031117 | 0.216055 | 0.874109 2
A2 0.205382 | 0.091965 | 0.309286 3
A3 0.227687 0 0 4
A4 0| 0.227687 1 1
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Based on the TOPSIS results, bidder A4 is closettd ideal solution getting
the highest score, which ranked this bidder irt ptace.

7.5.4 Sample 4: TOPSIS application

Table 7.33 shows the weighted normalised matrisitpe-ideal solution,
and negative-ideal solution for Sample 4 data prtesein Table 7.7 by TOPSIS.
Duration and price are cost criteria targeted tmimise and the experience is a

beneficial criteria targeted to maximise.

Table 7.33: TOPSIS weighted normalised matrix f@am$le 4 data

Bidder | Duration Price Experience
Al 0.006122 | 0.053483 0
A2 0.018367 | 0.125441 0
A3 0.034284 | 0.15147 0
A4 0.031835 | 0.161745 0
A5 0.034284 | 0.374483 0
A6 0.073466 | 0.39352 0
A7 0.029387 | 0.446882 0
A* 0.006122 | 0.053483 0
A~ 0.073466 | 0.446882 0

Calculations using the weighted normalised matrix TOPSIS results
separation measures from the ideal solution, séparmeasures from the negative-
ideal solution, relative closeness to the ideautsmh, and the ranks which are

presented in Table 7.34.
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Table 7.34: TOPSIS results for Sample 4 data

Bidder d;- d; R; Rank
Al 0| 0.399122 1 1
A2 0.072993 | 0.326129 | 0.817116 2
A3 0.101954 0.298 | 0.745086 3
Ad 0.111274 0.28816 | 0.721421 4
A5 0.322234 | 0.082321 | 0.203487 5
A6 0.346642 | 0.053362 | 0.133404 6
A7 0.394087 0.04408 | 0.100601 7

Based on the TOPSIS results, bidder Al is closettd ideal solution getting
the highest score, which ranked this bidder irt fitace.

7.5.5 Sample 5: TOPSIS application

Table 7.35 shows the weighted normalised matrisitpe-ideal solution,
and negative-ideal solution for Sample 5 data prtesein Table 7.9 by TOPSIS.
Duration and price are cost criteria targeted tmimise and the experience is a

beneficial criteria targeted to maximise.

Table 7.35: TOPSIS weighted normalised matrix fam$le 5 data

Bidder | Duration Price Experience
Al 0.027136 | 0.313784 0.033848
A2 0.075378 | 0.359938 0.071457
A3 0.045227 | 0.411878 0.045131
A4 0.039196 | 0.49228 0.04137
At 0.027136 | 0.313784 | 0.071457
A” 0.075378 | 0.49228 0.033848

Calculations using the weighted normalised matrix TOPSIS results
separation measures from the ideal solution, separmeasures from the negative-
ideal solution, relative closeness to the ideautsmh, and the ranks which are

presented in Table 7.36.
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Table 7.36: TOPSIS results for Sample 5 data

Bidder d;- d; R; Rank
Al 0.037609 0.1849 | 0.830978 1
A2 0.066764 | 0.137582 | 0.673279 2
A3 0.103164 | 0.086607 | 0.456378 3
A4 0.181415 | 0.036955 | 0.169231 4

Based on the TOPSIS results, bidder A1 was closesihe ideal solution

getting the highest score, which ranked this bidddrst place.

7.5.6 Sample 6: TOPSIS application

Table 7.37 shows the weighted normalised matrisitpe-ideal solution,
and negative-ideal solution for Sample 6 data pteskin Table 7.11 by TOPSIS.

Duration and price

are cost criteria targeted tmimise and the experience is a

beneficial criteria targeted to maximise.

Table 7.37:

TOPSIS weighted normalised matrix fample 6 data

Bidder | Duration Price Experience
Al 0.022054 | 0.06038 0.0078
A2 0.026465 | 0.068477 | 0.099695
A3 0.019849 | 0.096134 0
A4 0.015438 | 0.133109 0
A5 0.017643 | 0.140504 0
A6 0.017643 | 0.144202 0
A7 0.026465 | 0.143462 0
A8 0.022054 | 0.169929 0
A9 0.044108 | 0.179328 0
Al10 0.033081 | 0.20521 0
All 0.022054 | 0.221109 0
Al12 0.013232 | 0.277311 0
A13 0.022054 | 0.251059 0
Al4 0.015438 | 0.288403 0
A15 0.044108 | 0.41042 0
At 0.013232 | 0.06038 | 0.099695
A~ 0.044108 | 0.41042 0
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Calculations using the weighted normalised matrix TOPSIS results
separation measures from the ideal solution, separmeasures from the negative-
ideal solution, relative closeness to the ideautsmh, and the ranks which are

presented in Table 7.38.

Table 7.38: TOPSIS results for Sample 6 data

Bidder d;- d; R; Rank
Al 0.092318 | 0.350821 | 0.791673 2
A2 0.015513 | 0.356617 | 0.958312 1
A3 0.106119 | 0.315221 | 0.748138 3
A4 0.123424 | 0.278789 | 0.693137 4
A5 0.127979 0.27121 | 0.679403 5
A6 0.130325 | 0.267531 | 0.672431 6
A7 0.130449 0.26754 0.67223 7
A8 0.148384 | 0.241501 | 0.619415 8
A9 0.158244 | 0.231093 | 0.593555 9
A10 0.176943 | 0.205506 | 0.537342 10
All 0.189343 | 0.190591 | 0.501642 11
Al12 0.238743 | 0.136643 | 0.364007 13
Al13 0.21535 0.16088 | 0.427611 12
Al4 0.248875 0.12534 | 0.334941 14
A15 0.365268 0 0 15

Based on the TOPSIS results, bidder A2 was clasesite ideal solution
getting the highest score, which ranked this bidddrst place.

7.5.7 Sample 7: TOPSIS application

Table 7.39 shows the weighted normalised matrisitpe-ideal solution,
and negative-ideal solution for Sample 7 data mteskein Table 7.13 by TOPSIS.
Duration and price are cost criteria targeted taimise and the rest of the criteria

are beneficial criteria targeted to maximise.
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Table 7.39: TOPSIS weighted normalised matrix f@am$le 7 data

Financial | Technical
Bidder | Duration Price Experience | capability | capability
Al 0.1178 | 0.228079 0.11241 0| 0.034244
A2 0.133507 | 0.26983 0.096352 0| 0.194048
A3 0.091099 | 0.187542 0.024088 0| 0.034244
A* 0.091099 | 0.187542 0.11241 0 | 0.194048
A™ 0.133507 | 0.26983 0.024088 0| 0.034244

Calculations using the weighted normalised matrix BTOPSIS results
separation measures from the ideal solution, sgéparmeasures from the negative-

ideal solution, relative closeness to the ideautsmh, and the ranks which are
presented in Table 7.40.

Table 7.40: TOPSIS results for Sample 7 data

Bidder d/ d; R; Rank
Al 0.167014 | 0.098948 | 0.372038
A2 0.093955 | 0.175384 | 0.651164 1
A3 0.182588 | 0.092573 | 0.336431

Based on the TOPSIS results, bidder A2 was clasesite ideal solution
getting the highest score, which ranked this bidddrst place.

7.5.8 Sample 8: TOPSIS application

Table 7.41 shows the weighted normalised matrisitpe-ideal solution,
and negative-ideal solution for Sample 8 data mteskin Table 7.15 by TOPSIS.
Duration and price are cost criteria targeted taimise and the rest of the criteria

are beneficial criteria targeted to maximise.
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Table 7.41: TOPSIS weighted normalised matrix f@am$le 8 data

Financial | Technical
Bidder | Duration Price Experience | capability | capability
Al 0.144244 | 0.34653 0.11241 0 | 0.034244
A2 0.086546 | 0.128495 0.096352 0 | 0.194048
A3 0.108183 | 0.152991 0.024088 0 | 0.034244
At 0.086546 | 0.128495 0.11241 0 | 0.194048
A~ 0.144244 | 0.34653 0.024088 0 | 0.034244

Calculations using the weighted normalised matrix TOPSIS results
separation measures from the ideal solution, separmeasures from the negative-
ideal solution, relative closeness to the ideautsmh, and the ranks which are
presented in Table 7.42.

Table 7.42: TOPSIS results for Sample 8 data

Bidder dj d; R; Rank
Al 0.276416 | 0.088322 | 0.242153
A2 0.016059 | 0.285706 | 0.946784 1
A3 0.18549 | 0.196869 | 0.51488 2

Based on the TOPSIS results, bidder A2 was clasesiie ideal solution
getting the highest score, which ranked this bidddrst place.

7.5.9 Sample 9: TOPSIS application

Table 7.43 shows the weighted normalised matrisitpe-ideal solution,
and negative-ideal solution for Sample 9 data mteskin Table 7.17 by TOPSIS.
Duration and price are cost criteria targeted taimise and the rest of the criteria

are beneficial criteria targeted to maximise.
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Table 7.43: TOPSIS weighted normalised matrix f@am$le 9 data

Financial | Technical
Bidder | Duration Price Experience | capability | capability
Al 0.097384 | 0.265921 0.11241 0 | 0.034244
A2 0.116861 | 0.27977 | 0.096352 0 | 0.194048
A3 0.129845 | 0.104952 0.024088 0 | 0.034244
At 0.097384 | 0.104952 0.11241 0 | 0.194048
A~ 0.129845 | 0.27977 | 0.024088 0 | 0.034244

Calculations using the weighted normalised matrix TOPSIS results
separation measures from the ideal solution, separmeasures from the negative-
ideal solution, relative closeness to the ideautsmh, and the ranks which are
presented in Table 7.44.

Table 7.44: TOPSIS results for Sample 9 data

Bidder dj d; R; Rank
Al 0.226822 | 0.095113 | 0.29544
A2 0.176631 | 0.175864 | 0.498912 1
A3 0.185451 | 0.174818 | 0.485243 2

Based on the TOPSIS results, bidder A2 was closesite ideal solution
getting the highest score, which ranked this bidddrst place.

7.5.10 Sample 10: TOPSIS application

Table 7.45 shows the weighted normalised matrisitpe-ideal solution,
and negative-ideal solution for Sample 10 datagiresl in Table 7.19 by TOPSIS.
Duration and price are cost criteria targeted taimise and the rest of the criteria
are beneficial criteria targeted to maximise.
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Table 7.45: TOPSIS weighted normalised matrix fam$le 10 data

Financial | Technical
Bidder | Duration Price Experience | capability | capability
Al 0.111417 | 0.158936 0.11241 0 | 0.034244
A2 0.148556 | 0.347988 | 0.096352 0 | 0.194048
A3 0.074278 | 0.116807 | 0.024088 0 | 0.034244
At 0.074278 | 0.116807 0.11241 0 | 0.194048
A~ 0.148556 | 0.347988 | 0.024088 0 | 0.034244

Calculations using the weighted normalised matrix TOPSIS results
separation measures from the ideal solution, separmeasures from the negative-
ideal solution, relative closeness to the ideautsmh, and the ranks which are
presented in Table 7.46.

Table 7.46: TOPSIS results for Sample 10 data

Bidder dj d; R; Rank
Al 0.169386 | 0.211946 | 0.555804 2
A2 0.243351 | 0.175384 | 0.418842
A3 0.182588 | 0.24282 | 0.570794 1

Based on the TOPSIS results, bidder A3 was closesite ideal solution
getting the highest score, which ranked the bidaérst place.

7.5.11 Sample 11: TOPSIS application

Table 7.47 shows the weighted normalised matrisitpe-ideal solution,
and negative-ideal solution for Sample 11 datagmesl in Table 7.21 by TOPSIS.
Duration and price are cost criteria targeted taimise and the rest of the criteria

are beneficial criteria targeted to maximise.
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Table 7.47: TOPSIS weighted normalised matrix fam$le 11 data

Financial | Technical
Bidder | Duration Price Experience | capability | capability
Al 0.119051 | 0.09896 0.11241 0 | 0.034244
A2 0.150798 | 0.209304 | 0.096352 0 | 0.194048
A3 0.055557 | 0.326188 | 0.024088 0 | 0.034244
At 0.055557 | 0.09896 0.11241 0 | 0.194048
A~ 0.150798 | 0.326188 | 0.024088 0 | 0.034244

Calculations using the weighted normalised matrix TOPSIS results
separation measures from the ideal solution, separmeasures from the negative-
ideal solution, relative closeness to the ideautsmh, and the ranks which are
presented in Table 7.48.

Table 7.48: TOPSIS results for Sample 11 data

Bidder dj d; R; Rank
Al 0.171956 | 0.245849 | 0.588429
A2 0.146645 | 0.210764 0.5897 1
A3 0.291498 | 0.095241 | 0.246267 3

Based on the TOPSIS results, bidder A2 was clasesiie ideal solution
getting the highest score, which ranked the biddérst place.

7.5.12 Sample 12: TOPSIS application

Table 7.49 shows the weighted normalised matrisitpe-ideal solution,
and negative-ideal solution for Sample 12 datagmesl in Table 7.23 by TOPSIS.
Duration and price are cost criteria targeted taimise and the rest of the criteria
are beneficial criteria targeted to maximise.
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Table 7.49: TOPSIS weighted normalised matrix fam$le 12 data

Financial | Technical
Bidder | Duration Price Experience | capability | capability
Al 0.101015 | 0.151582 0.11241 0 | 0.034244
A2 0.161624 | 0.367239 | 0.096352 0 | 0.194048
A3 0.060609 | 0.046456 | 0.024088 0 | 0.034244
At 0.060609 | 0.046456 0.11241 0 | 0.194048
A~ 0.161624 | 0.367239 | 0.024088 0 | 0.034244

Calculations using the weighted normalised matrix TOPSIS results
separation measures from the ideal solution, separmeasures from the negative-
ideal solution, relative closeness to the ideautsmh, and the ranks which are
presented in Table 7.50.

Table 7.50: TOPSIS results for Sample 12 data

Bidder dj d; R; Rank
Al 0.195504 | 0.240795 | 0.551904 2
A2 0.336695 | 0.175384 | 0.342494
A3 0.182588 | 0.336312 | 0.648125 1

Based on the TOPSIS results, bidder A3 was clasesiie ideal solution
getting the highest score, which ranked the biddérst place.

7.5.13 Sample 13: TOPSIS application

Table 7.51 shows the weighted normalised matrisitpe-ideal solution,
and negative-ideal solution for Sample 13 datagiesl in Table 7.25 by TOPSIS.
Price is cost criteria targeted to minimise and dkiger two criteria are beneficial
criteria targeted to maximise.
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Table 7.51: TOPSIS weighted normalised matrix fam$le 13 data

Financial | Technical
Bidder Price capability | capability
Al 0.295652 | 0.076908 0.2218
A2 0.226174 | 0.076908 0.08872
A3 0.310927 0 | 0.159696
A4 0.20942 | 0.038454 | 0.04436
A5 0.258696 | 0.023072 0.04436
At 0.20942 | 0.076908 0.2218
A~ 0.310927 0| 0.04436

Calculations using the weighted normalised matrix TOPSIS results
separation measures from the ideal solution, separmeasures from the negative-
ideal solution, relative closeness to the ideautsmh, and the ranks which are

presented in Table 7.52.

Table 7.52: TOPSIS results for Sample 13 data

Bidder d}l- d; R; Rank
Al 0.086232 | 0.193993 | 0.692276 1
A2 0.134131 | 0.122743 | 0.477834 2
A3 0.141688 | 0.115336 | 0.448737 3
A4 0.181559 | 0.108547 | 0.374163 4
A5 0.191863 | 0.057101 | 0.229354 5

Based on the TOPSIS results, bidder A1 was closesite ideal solution
getting the highest score, which ranked the biddérst place.

7.6  Application of COPRAS

COPRAS was applied to the sets of data samplesgy usie COPRAS
formulae provide in Section 6.3.2.8. The followisgctions show the significant
parts of the results obtained with COPRAS whichlude sums of weighted

normalised values calculated for the beneficialiaites (S,;) and non-beneficial
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attributegS_;), relative significances or priorities of the aftatives (Q;),

quantitative utility (/;), and the ranks obtained.

7.6.1 Sample 1. COPRAS application

The following Table 7.53 shows the weighted norseadi matrix for Sample
1 data presented in Table 7.1 by COPRAS. Duratimh @ice are non-beneficial
attributes targeted to minimise and the rest ameefomal attributes targeted to
maximise.

Table 7.53: COPRAS weighted normalised matrix f@am$le 1 data

No. Of | Similar | Financial
Bidder | Duration Price Years Task Strength
Al 0.139175 | 0.138633 0.05 0.05 0.05
A2 0.092784 | 0.112303 0 0 0
A3 0.068041 | 0.149064 0.05 0.05 0.05

Using the weighted normalised matrix by COPRAS waled sums of
weighted normalised values for the beneficial bitiés and non-beneficial attributes,
relative significances of the alternatives, quatirte utility, and the ranks obtained.
These results are shown in Table 7.54.

Table 7.54: COPRAS results for Sample 1 data

Bidder S S_; Q; U; Rank

Al 0.15 | 0.277809 | 0.342615 | 86.41619 2
A2 0 | 0.205086 | 0.260915 | 65.80935 3
A3 0.15 | 0.217105 | 0.396471 100 1

Based on the COPRAS results, bidder A3 achievedigjieest value utility

score, which ranked the bidder in first place.




7.6.2 Sample 2: COPRAS application

The following Table 7.55 shows the weighted norsedi matrix for Sample
2 data presented in Table 7.3 by COPRAS. Duratimh @ice are non-beneficial
attributes targeted to minimise and experience emeficial attribute targeted to

maximise.

Table 7.55: COPRAS weighted normalised matrix f@am$le 2 data

Bidder | Duration Price Experience

Al 0.041176 | 0.379488 0.072222
A2 0.058824 | 0.370512 0.077778

Using the weighted normalised matrix by COPRAS waled sums of
weighted normalised values for the beneficial bitiés and non-beneficial attributes,
relative significances of the alternatives, quatire utility, and the ranks obtained.
These results are shown in Table 7.56.

Table 7.56: COPRAS results for Sample 2 data

Bidder S+i S—i Qi Ui Rank
Al 0.072222 | 0.420665 | 0.501558 100 1
A2 0.077778 | 0.429335 | 0.498442 | 99.37893

Based on the COPRAS results, bidder Al achievedigjeest value utility
score, which ranked the bidder in first place.

7.6.3 Sample 3: COPRAS application

The following Table 7.57 shows the weighted norsedi matrix for Sample
3 data presented in Table 7.5 by COPRAS. Duratimh @ice are non-beneficial
attributes targeted to minimise and experience emeficial attribute targeted to

maximise.
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Table 7.57: COPRAS weighted normalised matrix f@am$le 3 data

Bidder | Duration Price Experience
Al 0.024138 | 0.123522 0.0375
A2 0.150862 | 0.111078 0.0375
A3 0.150862 | 0.15763 0.0375
A4 0.024138 | 0.107771 0.0375

Using the weighted normalised matrix by COPRAS waled sums of
weighted normalised values for the beneficial lattiés and non-beneficial attributes,
relative significances of the alternatives, quatitrte utility, and the ranks obtained.

These results are shown in Table 7.58.

Table 7.58: COPRAS results for Sample 3 data

Bidder S+i S—i Qi Ui Rank

Al 0.0375 | 0.14766 | 0.306336 | 90.51486 2
A2 0.0375 | 0.26194 | 0.189047 | 55.85879 3
A3 0.0375 | 0.308492 | 0.166178 | 49.10162 4
A4 0.0375 | 0.131909 | 0.338438 100 1

Based on the COPRAS results, bidder A4 achievedigjieest value utility

score, which ranked the bidder in first place.

7.6.4 Sample 4: COPRAS application

The following Table 7.59 shows the weighted norseadi matrix for Sample
4 data presented in Table 7.7 by COPRAS. Duratiwh @ice are non-beneficial
attributes targeted to minimise and experience ereficial attribute targeted to

maximise.
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Table 7.59: COPRAS weighted normalised matrix f@am$le 4 data

Bidder | Duration Price Experience
Al 0.002688 | 0.023498 0
A2 0.008065 | 0.055114 0
A3 0.015054 | 0.06655 0
A4 0.013978 | 0.071064 0
A5 0.015054 | 0.164533 0
A6 0.032258 | 0.172897 0
A7 0.012903 | 0.196343 0

Using the weighted normalised matrix by COPRAS waled sums of
weighted normalised values for the beneficial bitiés and non-beneficial attributes,
relative significances of the alternatives, quatirte utility, and the ranks obtained.
These results are shown in Table 7.60.

Table 7.60: COPRAS results for Sample 4 data

Bidder S S_; Q; U; Rank

Al 0 | 0.026186 | 0.348089 100 1
A2 0 | 0.063179 | 0.144277 | 41.44825 2
A3 0 | 0.081604 | 0.111701 | 32.08977 3
A4 0 | 0.085043 | 0.107184 | 30.79202 4
A5 0 | 0.179587 | 0.050756 | 14.58146 5
A6 0 | 0.205155 | 0.044431 | 12.76419 6
A7 0 | 0.209246 | 0.043562 | 12.51467 7

Based on the COPRAS results, bidder Al achievedigjieest value utility
score, which ranked the bidder in first place.

7.6.5 Sample 5: COPRAS application

The following Table 7.61 shows the weighted norsedi matrix for Sample
5 data presented in Table 7.9 by COPRAS. Duratimh @ice are non-beneficial
attributes targeted to minimise and experience emeficial attribute targeted to

maximise.
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Table 7.61: COPRAS weighted normalised matrix f@am$le 5 data

Bidder | Duration Price Experience
Al 0.014516 | 0.159091 0.017647
A2 0.040323 | 0.182492 0.037255
A3 0.024194 | 0.208826 | 0.023529
A4 0.020968 | 0.24959 0.021569

Using the weighted normalised matrix by COPRAS waled sums of
weighted normalised values for the beneficial bittiés and non-beneficial attributes,
relative significances of the alternatives, quatitrte utility, and the ranks obtained.

These results are shown in Table 7.62.

Table 7.62: COPRAS results for Sample 5 data

Bidder Sy S_; Q; U; Rank

Al 0.017647 | 0.173608 | 0.30193 100 1
A2 0.037255 | 0.222815 | 0.258756 | 85.70068 2
A3 0.023529 0.23302 | 0.23533 77.9419 3
A4 0.021569 | 0.270558 | 0.203983 | 67.55967 4

Based on the COPRAS results, bidder Al achievedigjieest value utility

score, which ranked the bidder in first place.

7.6.6 Sample 6: COPRAS application

The following Table 7.63 shows the weighted norseadi matrix for Sample
6 data presented in Table 7.11 by COPRAS. Durammh price are non-beneficial
attributes targeted to minimise and experience e@eficial attribute targeted to

maximise.
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Table 7.63: COPRAS weighted normalised matrix f@am$le 6 data

Bidder | Duration Price Experience
Al 0.006098 | 0.017319 | 0.007256
A2 0.007317 | 0.019642 0.092744
A3 0.005488 | 0.027575 0
A4 0.004268 | 0.038181 0
A5 0.004878 | 0.040302 0
A6 0.004878 | 0.041362 0
A7 0.007317 | 0.04115 0
A8 0.006098 | 0.048742 0
A9 0.012195 | 0.051438 0
Al10 0.009146 | 0.058862 0
All 0.006098 | 0.063422 0
A12 0.003659 | 0.079543 0
A13 0.006098 | 0.072013 0
Al4 0.004268 | 0.082725 0
A15 0.012195 | 0.117724 0

Using the weighted normalised matrix by COPRAS wdaled sums of
weighted normalised values for the beneficial bitiés and non-beneficial attributes,
relative significances of the alternatives, quatitrte utility, and the ranks obtained.

These results are shown in Table 7.64.

Table 7.64: COPRAS results for Sample 6 data

Bidder S S_; Q; U; Rank

Al 0.007256 | 0.023417 | 0.133251 | 65.90576 2
A2 0.092744 | 0.026959 | 0.202184 100 1
A3 0 | 0.033063 | 0.089236 | 44.13599 3
A4 0 | 0.042449 | 0.069504 | 34.37673 4
A5 0| 0.04518 | 0.065303 | 32.29882 5
A6 0| 0.04624 | 0.063805 | 31.55801 6
A7 0 | 0.048467 | 0.060873 | 30.10803 7
A8 0 | 0.054839 0.0538 | 26.60962 8
A9 0 | 0.063633 | 0.046366 | 22.9324 9
Al10 0 | 0.068008 | 0.043383 | 21.45706 10
All 0| 0.06952 | 0.042439 | 20.99049 11
Al2 0 | 0.083202 | 0.035461 17.5388 13
Al13 0| 0.078111 | 0.037772 | 18.68194 12
Al4 0 | 0.086993 | 0.033915 16.7744 14
A15 0| 0.129919 | 0.022709 | 11.23206 15
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Based on the COPRAS results, bidder A2 achievedigjieest value utility
score, which ranked the bidder in first place.

7.6.7 Sample 7: COPRAS application

The following Table 7.65 shows the weighted norsedi matrix for Sample
7 data presented in Table 7.13 by COPRAS. Durammh price are non-beneficial
attributes targeted to minimise and the rest ofibaiies are beneficial attribute

targeted to maximise.

Table 7.65: COPRAS weighted normalised matrix f@am$le 7 data

Financial | Technical
Bidder | Duration Price Experience | capability | capability

Al 0.068807 | 0.133097 0.072414 0 | 0.026087
A2 0.077982 | 0.157461 0.062069 0| 0.147826
A3 0.053211 | 0.109442 0.015517 0| 0.026087

Using the weighted normalised matrix by COPRAS waled sums of
weighted normalised values for the beneficial bitiés and non-beneficial attributes,
relative significances of the alternatives, quatitrte utility, and the ranks obtained.

These results are shown in Table 7.66.

Table 7.66: COPRAS results for Sample 7 data

Bidder S.i S_; Q; U; Rank
Al 0.098501 | 0.201905 | 0.292119 | 77.70511

A2 0.209895 | 0.235443 | 0.375933 100 1
A3 0.041604 | 0.162653 | 0.281948 | 74.99938

Based on the COPRAS results, bidder A2 achievedigjeest value utility
score, which ranked the bidder in first place.
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7.6.8 Sample 8: COPRAS application

The following Table 7.67 shows the weighted norsedi matrix for Sample
8 data presented in Table 7.15 by COPRAS. Durammh price are non-beneficial
attributes targeted to minimise and the rest ofibaiies are beneficial attribute

targeted to maximise.

Table 7.67: COPRAS weighted normalised matrix f@am$le 8 data

Financial | Technical
Bidder | Duration Price Experience | capability | capability

Al 0.085106 | 0.220714 0.072414 0 | 0.026087
A2 0.051064 | 0.081842 0.062069 0| 0.147826
A3 0.06383 | 0.097444 0.015517 0| 0.026087

Using the weighted normalised matrix by COPRAS waled sums of
weighted normalised values for the beneficial bitiés and non-beneficial attributes,
relative significances of the alternatives, quatitrte utility, and the ranks obtained.

These results are shown in Table 7.68.

Table 7.68: COPRAS results for Sample 8 data

Bidder S.i S_; Q; U; Rank
Al 0.098501 | 0.30582 | 0.213945 | 42.44667

A2 0.209895 | 0.132906 | 0.504032 100 1
A3 0.041604 | 0.161274 | 0.284002 | 56.34599

Based on the COPRAS results, bidder A2 achievedigjeest value utility
score, which ranked the bidder in first place.

7.6.9 Sample 9: COPRAS application

The following Table 7.69 shows the weighted norsedi matrix for Sample
9 data presented in Table 7.17 by COPRAS. Duraiuh price are non-beneficial
attributes targeted to minimise and the rest ofibaiies are beneficial attribute

targeted to maximise.
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Table 7.69: COPRAS weighted normalised matrix f@am$le 9 data

Financial | Technical
Bidder | Duration Price Experience | capability | capability

Al 0.056604 | 0.163482 0.072414 0 | 0.026087
A2 0.067925 | 0.171996 0.062069 0| 0.147826
A3 0.075472 | 0.064522 0.015517 0| 0.026087

Using the weighted normalised matrix by COPRAS waled sums of
weighted normalised values for the beneficial lattiés and non-beneficial attributes,
relative significances of the alternatives, quatitrte utility, and the ranks obtained.

These results are shown in Table 7.70.

Table 7.70: COPRAS results for Sample 9 data

Bidder S+i S—i Qi Ui Rank
Al 0.098501 | 0.220086 | 0.270448 | 73.56589

A2 0.209895 | 0.239921 | 0.367627 100 1
A3 0.041604 | 0.139994 | 0.311925 | 84.84812

Based on the COPRAS results, bidder A2 achievedigjeest value utility

score, which ranked the bidder in first place.

7.6.10 Sample 10: COPRAS application

The following Table 7.71 shows the weighted norsedi matrix for Sample
10 data presented in Table 7.19 by COPRAS. Duramhprice are non-beneficial
attributes targeted to minimise and the rest ofibaiies are beneficial attribute

targeted to maximise.
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Table 7.71: COPRAS weighted normalised matrix fam$@le 10 data

Financial | Technical
Bidder | Duration Price Experience | capability | capability
Al 0.066667 | 0.101926 0.072414 0| 0.026087
A2 0.088889 | 0.223166 0.062069 0| 0.147826
A3 0.044444 | 0.074909 0.015517 0| 0.026087

Using the weighted normalised matrix by COPRAS waled sums of
weighted normalised values for the beneficial latties and non-beneficial attributes,
relative significances of the alternatives, quatirte utility, and the ranks obtained.

These results are shown in Table 7.72.

Table 7.72: COPRAS results for Sample 10 data

Bidder S+i S—i Qi Ui Rank
Al 0.098501 | 0.168592 | 0.301697 | 91.80469 3
A2 0.209895 | 0.312054 | 0.319675 | 97.27541

A3 0.041604 | 0.119353 | 0.328629 100 1

Based on the COPRAS results, bidder A3 achievedigjieest value utility

score, which ranked the bidder in first place.

7.6.11 Sample 11: COPRAS application

The following Table 7.73 shows the weighted norseadi matrix for Sample
11 data presented in Table 7.21 by COPRAS. Durati@hprice are non-beneficial
attributes targeted to minimise and the rest ofibattes are beneficial attribute
targeted to maximise.

Table 7.73: COPRAS weighted normalised matrix fam$le 11 data

Financial | Technical
Bidder | Duration Price Experience | capability | capability
Al 0.073171 | 0.062391 0.072414 0| 0.026087
A2 0.092683 | 0.131959 0.062069 0| 0.147826
A3 0.034146 | 0.20565 0.015517 0| 0.026087
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Using the weighted normalised matrix by COPRAS waled sums of
weighted normalised values for the beneficial bitiés and non-beneficial attributes,
relative significances of the alternatives, quatitrte utility, and the ranks obtained.

These results are shown in Table 7.74.

Table 7.74: COPRAS results for Sample 11 data

Bidder S.i S_; Q; U; Rank
Al 0.098501 | 0.135561 | 0.375155 | 99.55188

A2 0.209895 | 0.224642 | 0.376843 100 1
A3 0.041604 | 0.239797 | 0.198002 | 52.54217

Based on the COPRAS results, bidder A2 achievedigjeest value utility
score, which ranked the bidder in first place.

7.6.12 Sample 12: COPRAS application

The following Table 7.75 shows the weighted norsedi matrix for Sample
12 data presented in Table 7.23 by COPRAS. Duraahprice are non-beneficial
attributes targeted to minimise and the rest ofibaiies are beneficial attribute

targeted to maximise.

Table 7.75: COPRAS weighted normalised matrix fam$@le 12 data

Financial | Technical
Bidder | Duration Price Experience | capability | capability

Al 0.0625 | 0.107262 0.072414 0 | 0.026087
A2 0.1 | 0.259865 0.062069 0| 0.147826
A3 0.0375 | 0.032873 0.015517 0| 0.026087

Using the weighted normalised matrix by COPRAS waled sums of
weighted normalised values for the beneficial lattiés and non-beneficial attributes,
relative significances of the alternatives, quatitrte utility, and the ranks obtained.

These results are shown in Table 7.76.
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Table 7.76: COPRAS results for Sample 12 data

Bidder S+i S—i Qi Ui Rank

Al 0.098501 | 0.169762 | 0.252979 | 61.06857 3
A2 0.209895 | 0.359865 | 0.282768 | 68.25977 2
A3 0.041604 | 0.070373 | 0.414253 100 1

Based on the COPRAS results, bidder A3 achievedigjeest value utility

score, which ranked the bidder in first place.

7.6.13 Sample 13: COPRAS application

The following Table 7.77 shows the weighted norseadi matrix for Sample
13 data presented in Table 7.25 by COPRAS. Duratmhprice are non-beneficial
attributes targeted to minimise and the rest ofibattes are beneficial attribute

targeted to maximise.

Table 7.77: COPRAS weighted normalised matrix fam$le 13 data

Financial | Technical
Bidder Price capability | capability
Al 0.113636 | 0.035714 | 0.099206
A2 0.086932 | 0.035714 | 0.039683
A3 0.119508 0| 0.071429
A4 0.080492 | 0.017857 | 0.019841
A5 0.099432 | 0.010714 | 0.019841

Using the weighted normalised matrix by COPRAS waled sums of
weighted normalised values for the beneficial lattiés and non-beneficial attributes,
relative significances of the alternatives, quatirte utility, and the ranks obtained.

These results are shown in Table 7.78.
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Table 7.78: COPRAS results for Sample 13 data

Bidder S+i S—i Qi Ui Rank

Al 0.134921 | 0.113636 | 0.220939 100 1
A2 0.075397 | 0.086932 | 0.18784 | 85.01864 2
A3 0.071429 | 0.119508 | 0.153221 | 69.34996 4
A4 0.037698 | 0.080492 | 0.159137 | 72.0273 3
A5 0.030556 | 0.099432 | 0.128863 | 58.32492 5

Based on the COPRAS results, bidder Al achievedigjeest value utility

score, which ranked the bidder in first place.

7.7  Comparative results

The final results and the rankings by the two fdte methods, TOPSIS and
COPRAS for these sample procurements are studiealgalvith the results of
weighted sum (WS), which is the method used bypthdic sector institutions of the
Maldives. The rankings produced alternative winndgm®ugh the application of
different methods for some of the samples, whilmesof the results show that the
rankings for the alternatives were the same fothate methods. However, even in
the latter cases, the preference gap between theatives for different methods

varies. Such performance analyses are calculattdiaoussed in the next section.

The combined results from the three methods arenstamd discussed below

for every sample.

The results of the three methods for the samplata dre shown in Table
7.79.

Table 7.79: Results of the three methods for Sarhple

. Results Ranking
Alternative
WS TOPSIS COPRAS WA | TOPSIS | COPRAS
Al 71.77 | 0.494446 | 86.41619 2 2 2
A2 62 | 0.435588 | 65.80935 3 3 3
A3 85.2 | 0.729064 100 1 1 1
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The three methods provide the same rankings ferredtive bidders. A3

being most preferred, Al the second preferenceA2n@nked third.

The results of the three methods for Sample 2 al@ahown in Table 7.80.

Table 7.80: Results of the three methods for Saple

. Results Ranking
Alternative
WS TOPSIS COPRAS WA | TOPSIS | COPRAS
Al 96.23 | 0.62216 100 1 1 1
A2 96 | 0.37784 | 99.37893 2 2

The three methods provide the same rakings fomatiee bidders, Al being

most preferred alternative and A2 the second.

The results of the three methods for the Samplatd dre shown in Table
7.81.

Table 7.81: Results of the three methods for Saiple

. Results Ranking
Alternative
WS TOPSIS COPRAS | WA | TOPSIS | COPRAS
Al 93.6242 | 0.874109 | 90.51486 2 2 2
A2 69.11133 | 0.309286 | 55.85879 3 3 3
A3 54.78469 0 | 49.10162 4 4 4
A4 100 1 100 1 1 1

The three methods provide the same rankings ferreltive bidders, A4
being most preferred, A1l having the second pretereA?2 the third preference, and
A3 being ranked fourth.

The results of the three methods for Sample 4 al@ahown in Table 7.82.
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Table 7.82: Results of the three methods for Sadhple

. Results Ranking
Alternative
WS TOPSIS COPRAS | WA | TOPSIS | COPRAS

Al 85 1 100 1 1 1
A2 35.31008 | 0.817116 | 41.44825 2 2 2
A3 28.26763 | 0.745086 | 32.08977 3 3 3
A4 26.72268 | 0.721421 | 30.79202 4 4 4
A5 12.49703 | 0.203487 | 14.58146 5 5 5
A6 11.02649 | 0.133404 | 12.76419 6 6 6
A7 11.05932 | 0.100601 | 12.51467 7 7 7

The three methods provide the same rankings ferretive bidders, Al
being the most preferred alternative, A2 beinggbeond preference, and A7 being
ranked last.

The results of the three methods for Sample 5al@ahown in Table 7.83.

Table 7.83: Results of the three methods for Saiiple

. Results Ranking
Alternative
WS TOPSIS COPRAS | WA | TOPSIS | COPRAS
Al 100 | 0.830978 100 1 1 1
A2 78.07866 | 0.673279 | 85.70068 2 2 2
A3 74.44699 | 0.456378 | 77.9419 3 3 3
A4 66.0977 | 0.169231 | 67.55967 4 4 4

The three methods provide the same rankings ferrative bidders, Al
being the most preferred alternative, A2 the seqoeterence, and A4 ranked last.

The results of the three methods for Sample 6 al@ahown in Table 7.84.
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Table 7.84: Results of the three methods for Sa®iple

. Results Ranking
Alternative
WS TOPSIS COPRAS | WA | TOPSIS | COPRAS

Al 86.64 | 0.791673 | 65.90576 1 2 2
A2 83.71996 | 0.958312 100 2 1 1
A3 56.91282 | 0.748138 | 44.13599 3 3 3
A4 44.86032 | 0.693137 | 34.37673 4 4 4
A5 41.87895 | 0.679403 | 32.29882 5 5 5
A6 40.99744 | 0.672431 | 31.55801 6 6 6
A7 38.6701 | 0.67223 | 30.10803 7 7 7
A8 34.42595 | 0.619415 | 26.60962 8 8 8
A9 29.93608 | 0.593555 | 22.9324 9 9 9
Al10 27.53874 | 0.537342 | 21.45706 10 10 10
All 27.84615 | 0.501642 | 20.99049 | 11 11 11
A12 27.41867 | 0.364007 | 17.5388 | 12 13 13
A13 25.24006 | 0.427611 | 18.68194 | 13 12 12
Al4 25.32015 | 0.334941 16.7744 14 14 14
A15 14.76937 0] 11.23206 | 15 15 15

The three methods provide different rankings fo2,112 and 13 but for the

others the same rankings are realised. Al is the preferred alternative using WA
but the second preference by TOPSIS and COPRAS iz second most preferred
alternative by WA but the most preferred using T€8P8nd COPRAS. Similarly,
Al12 is the 12th preference by WA but 13th by TOP&E COPRAS, while A13 is
the 13th preference by WA but 12th preference by?${3 and COPRAS.

The results of the three methods for Sample 7 @al@ahown in Table 7.85.

Table 7.85: Results of the three methods for Sample

. Results Ranking
Alternative
WS TOPSIS COPRAS | WA | TOPSIS | COPRAS
Al 65.88679 | 0.372038 | 77.70511 3 2 2
A2 73.44862 | 0.651164 100 1 1 1
A3 66.52941 | 0.336431 | 74.99938 2 3 3

The three methods provide different rankings for &id A3 but first ranking

was given to A2 by all methods. Al is the third mmeferred alternative using WA
but the second most preferred by TOPSIS and COPRABe A3 is the second
most preferred alternative using WA but the thigdNl©PSIS and COPRAS.
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7.86.

The results of the three methods for the Samplat8 dre shown in Table

Table 7.86: Results of the three methods for Sa@ple

. Results Ranking
Alternative
WS TOPSIS COPRAS | WA | TOPSIS | COPRAS
Al 45.36157 | 0.242153 | 42.44667 3 3 3
A2 92.85714 | 0.946784 100 1 1 1
A3 56.33898 | 0.51488 | 56.34599 2 2 2

The three methods provide the same rankings ferredtive bidders, A2
being the most preferred alternative, A3 the seqoeterence, and Al ranked last.

The results of the three methods for Sample 9 al@tahown in Table 7.87.

Table 7.87: Results of the three methods for Sa®@ple

. Results Ranking
Alternative
WS TOPSIS COPRAS | WA | TOPSIS | COPRAS
Al 54.31636 | 0.29544 | 73.56589 3 3 3
A2 64.52927 | 0.498912 100 1 1 1
A3 61.7437 | 0.485243 | 84.84812 2 2 2

The three methods provide the same rankings ferradtive bidders, A2

being the most preferred alternative, A3 the secand Al being ranked last.

The results of the three methods for Sample 10atatahown in Table 7.88.

Table 7.88: Results of the three methods for Sarhple

. Results Ranking
Alternative
WS TOPSIS COPRAS | WA | TOPSIS | COPRAS
Al 61.2601 | 0.555804 | 91.80469 2 2 3
A2 56.28372 | 0.418842 | 97.27541 3 3 2
A3 66.7437 | 0.570794 100 1 1 1

The three methods provide different rankings forahtl A2 but first ranking
was given to A3 by the methods. Al is the secondtmpeferred alternative by WA
and TOPSIS but the third most preferred by COPRXSIs the third most preferred
alternative using WA and TOPSIS but second by COERA
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The results of the three methods for Sample 11aftatahown in Table 7.89.

Table 7.89: Results of the three methods for Sarhple

. Results Ranking
Alternative
WS TOPSIS COPRAS | WA | TOPSIS | COPRAS
Al 67.86275 | 0.588429 | 99.55188 1 2 2
A2 59.13771 0.5897 100 2 1 1
A3 38.87899 | 0.246267 | 52.54217 3 3 3

The three methods provide different rankings for, Afhd A2 but the third
ranking was given to A3 by all methods. Al is thestpreferred alternative by WA
but second most preferred by COPRAS and TOPSIS. isAthe second most
preferred alternative by WA but the most prefewed by COPRAS and TOPSIS.

The results of the three methods for Sample 12 atatahown in Table 7.90.

Table 7.90: Results of the three methods for Sahple

. Results Ranking
Alternative
WS TOPSIS COPRAS | WA | TOPSIS | COPRAS
Al 42.7884 | 0.551904 | 61.06857 3 2 3
A2 45.41719 | 0.342494 | 68.25977 2 3 2
A3 66.7437 | 0.648125 100 1 1 1

The three methods provide different rankings forahtl A2 but first ranking
was given to A3 by all the methods. Al is third inpseferred alternative by WA
and COPRAS but second most preferred by TOPSIS.isA2cond most preferred
alternative by WA and COPRAS but third most prefdrby TOPSIS.

The results of the three methods for Sample 13atatahown in Table 7.91.
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Table 7.91: Results of the three methods for Sahple

. Results Ranking
Alternative
WS TOPSIS COPRAS | WA | TOPSIS | COPRAS

Al 70.41667 | 0.692276 100 1 1 1
A2 66.2963 | 0.477834 | 85.01864 2 2 2
A3 51.6767 | 0.448737 | 69.34996 4 3 4
A4 60 | 0.374163 | 72.0273 3 4 3
A5 48.47619 | 0.229354 | 58.32492 5 5 5

The three methods provide different rankings forakgl A4 but first ranking
was given to Al by all methods. A3 is the fourthsinpreferred alternative using
WA and COPRAS but third by TOPSIS. A4 is the thindst preferred alternative
by WA and COPRAS but fourth by TOPSIS.

Considering the changes in the results of the mdiffe methods the next

section discusses the performance of the threeauethith real procurement data.

7.8 Performance analysis

Performance analysis is used to understand howwibefiltered methods
behave with the real life procurement data from Maldivian context. Three
different performance analyses were conducted audissed.

The first analysis is congruence/incongruence afkireg analysis by
calculating correlation coefficients proposed fomikar studies in literature
(Antucheviciene et al., 2012; Raju & Pillai, 1999).

The second analysis is variance analysis which mmeaghe spread of data
(Field, 2005).

Finally, the third analysis is stability analysisrobustness of results of the

methods judged based on the effect of changesramader values (Podvezko, 2011;
Raju & Pillai, 1999).
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The following sections show the results and disomssof the analyses.

7.8.1 Congruence/incongruence analysis

Congruence/incongruence of ranking analysis waslwded as explained in
research methodology chapter, Section 2.3.4.1. pfbeedure and formula for the

analysis are provided in the research design chapeetion 3.6.3.

The analysis identified the correlation between tésulting ranks by the
filtered methods for the alternative bidders inrgv@ample. In addition to the results
of the two filtered methods, WS results are showncompare with the current

system used by public sector institutions in thddias.

There was perfect correlation between the ranksiymed by the three
methods for samples 1, 2, 3, 4, 5, 8 and 9. Fordke of the samples there were
slight changes in the correlation coefficientsfome methods, as follows.

Analysis of Sample 6 results correlation coeffitseas shown in Table 7.92.

Table 7.92: Rank correlation coefficient values$ample 6

Method WS TOPSIS | COPRAS

WS 1.00 | 0.9929 | 0.9929
TOPSIS 1.00 1.00
COPRAS 1.00

WS and TOPSIS show a higher correlation for Sangpleesults, but not
perfect correlation. Similarly, WS and COPRAS aat im perfect correlation, but
show high correlation, like WS and TOPSIS. Sineedbrrelations are very high, the

methods would have minimum contention.

Analysis of Sample 7 results correlation coeffitgeas shown in Table 7.93.
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Table 7.93: Rank correlation coefficient values$ample 7

Method WS TOPSIS | COPRAS
WS 1.00 0.50 0.50
TOPSIS 1.00 1.00
COPRAS 1.00

WS and TOPSIS show partial correlation for Samptestlts. Similarly, WS
and COPRAS also show partial correlation. Thereewenly two instances of
changes in rank results with the methods. In amlditthe sample size had three

alternatives, which could be the cause of the sEmgruence/incongruence result.
Analysis of Sample 10 results correlation coeffitseas shown in Table 7.94.

Table 7.94: Rank correlation coefficient values$ample 10

Method WS TOPSIS | COPRAS
WS 1.00 1.00 0.50
TOPSIS 1.00 0.50
COPRAS 1.00

WS and COPRAS show patrtial correlation for Sampledsults. Similarly,
TOPSIS and COPRAS also show partial correlationwith Sample 7, there are
only two instances of changes in rank results Wit methods. In addition the
sample size was three alternatives. This could be teasons for semi-
congruence/incongruence result. However for thimme, only COPRAS is not in
agreement, while the other methods are in peréat correlation. This could be due
to the stability issue of COPRAS data variationestaby Podvezko, (2011). The

stability tests will be carried out in the follovgrsections.

Analysis of Sample 11 results correlation coeffitseas shown in Table 7.95.

Table 7.95: Rank correlation coefficient values$ample 11

Method WS TOPSIS | COPRAS
WS 1.00 0.50 0.50
TOPSIS 1.00 1.00
COPRAS 1.00




WS and TOPSIS show partial correlation for Samgdlerdsults. Similarly,
WS and COPRAS also show partial correlation. Ahvdample 7 and 10, there are
only two instances of changes in rank results whttse methods. In addition, the
sample size has three alternatives. This could Hee reasons for the semi-
congruence/incongruence result. For this samplly, WS is not in agreement but

the other methods are in perfect rank correlation.
Analysis of Sample 12 results correlation coeffitseas shown in Table 7.96.

Table 7.96: Rank correlation coefficient values$ample 12

Method WS TOPSIS | COPRAS

WS 1.00 0.50 1.00
TOPSIS 1.00 0.50
COPRAS 1.00

WS and TOPSIS show partial correlation for Samg@erdsults. Similarly,
TOPSIS and COPRAS also show patrtial correlationwil Sample 7, 10 and 11,
there are only two instances of changes in rankltesith these methods. In
addition, the sample size has three alternatives dould be the reasons for semi-
congruencel/incongruence result. For this samplly, BOPSIS is not in agreement

but the other methods are in perfect rank cor@tati

Analysis of Sample 13 results correlation coeffitseas shown in Table 7.97.

Table 7.97: Rank correlation coefficient values$ample 13

Method WS TOPSIS | COPRAS

WS 1.00 0.90 1.00
TOPSIS 1.00 0.90
COPRAS 1.00

WS and TOPSIS show a higher correlation for Sartfleesults. Similarly,
TOPSIS and COPRAS also show higher correlationttisrsample, only TOPSIS is
not in agreement, resulting in partial congruemo®ingruence, but the other

methods are in perfect rank correlation.
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Based on the congruence/incongruence analysist, @f A3 samples show all
the methods are in perfect condition. In two ca$&@R SIS is not in line with the rest
of methods in rank correlation. Similarly, in twases, WS is not in line with the rest
of methods. COPRAS has only one case not fully agerg with other methods.

This congruence/incongruence analyses are incawmeldisr identifying the
best method for the public sector procurement etalo as the results are varying in

different cases for different methods.

7.8.2 Variance analysis

The variance analysis was conducted as explaineds@arch methodology
chapter, Section 2.3.4.1. The procedure and forriauléhe analysis are provided in

the research design chapter, Section 3.6.4.

The variance analysis compares the results of T®©RB8d COPRAS to check
which method spreads the data points more, withpreeurement data. In addition
to the results of the two filtered methods, WS ltssare also shown, to compare the

current system used by public sector institutionthe Maldives.

To calculate variance all the results are convedesl same scale. WS results
for sample 13 and all TOPSIS results were not mesacale with other results.
Therefore, the results are projected to the sdad¢hers which is between 0 and 100.
The results in same scale and variances for abdhgples are shown in Table 7.98 to
Table 7.111 below.
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Table 7.98: Results with variance for Sample 1

. Results
Alternative
WS TOPSIS COPRAS
Al 71.7700 49.4446 86.4162
A2 62.0000 43.5588 65.8093
A3 85.2000 72.9064 100.0000
Mean 72.9900 55.3032 84.0752
Variance 135.6763 241.0627 296.3605
Table 7.99: Results with variance for Sample 2
. Results
Alternative
WS TOPSIS COPRAS
Al 96.2300 62.2160 100.0000
A2 96.0000 37.7840 99.3789
Mean 96.1150 50.0000 99.6895
Variance 0.0265 298.4615 0.1929

Table 7.100: Results with variance for Sample 3

Results
Alternative
ws TOPSIS COPRAS

Al 93.6242 87.4109 90.5149
A2 69.1113 30.9286 55.8588
A3 54.7847 0.0000 49.1016
A4 100.0000 100.0000 100.0000
Mean 79.3801 54.5849 73.8688
Variance 446.1522 2226.4038 632.5682

Table 7.101: Results with variance for Sample 4

Results
Alternative
wWs TOPSIS COPRAS

Al 85.0000 100.0000 100.0000
A2 35.3101 81.7116 41.4483
A3 28.2676 74.5086 32.0898
A4 26.7227 72.1421 30.7920
A5 12.4970 20.3487 14.5815
A6 11.0265 13.3404 12.7642
A7 11.0593 10.0601 12.5147
Mean 29.9833 53.1588 34.8843
Variance 682.0057 | 1,390.8421 951.6001
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Table 7.102: Results with variance for Sample 5

Results
Alternative
ws TOPSIS COPRAS

Al 100.0000 83.0978 100.0000
A2 78.0787 67.3279 85.7007
A3 74.4470 45.6378 77.9419
A4 66.0977 16.9231 67.5597
Mean 79.6558 53.2466 82.8006
Variance 209.1092 822.2235 186.7076

Table 7.103: Results with variance for Sample 6

Results
Alternative
WS TOPSIS COPRAS

Al 86.6400 79.1673 65.9058
A2 83.7200 95.8312 100.0000
A3 56.9128 74.8138 44.1360
A4 44.8603 69.3137 34.3767
A5 41.8789 67.9403 32.2988
A6 40.9974 67.2431 31.5580
A7 38.6701 67.2230 30.1080
A8 34.4260 61.9415 26.6096
A9 29.9361 59.3555 22.9324
Al10 27.5387 53.7342 21.4571
All 27.8462 50.1642 20.9905
Al12 27.4187 36.4007 17.5388
Al13 25.2401 42.7611 18.6819
Al4d 25.3201 33.4941 16.7744
Al5 14.7694 0.0000 11.2321
Mean 40.4117 57.2923 32.9733
Variance 433.1230 522.2868 522.1035

Table 7.104: Results with variance for Sample 7

. Results
Alternative
WS TOPSIS COPRAS

Al 65.8868 37.2038 77.7051
A2 73.4486 65.1164 100.0000
A3 66.5294 33.6431 74.9994
Mean 68.6216 45.3211 84.2348
Variance 17.5783 297.0606 188.2357
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Table 7.105: Results with variance for Sample 8

. Results
Alternative
WS TOPSIS COPRAS

Al 45.3616 24.2153 42.4467
A2 92.8571 94.6784 100.0000
A3 56.3390 51.4880 56.3460
Mean 64.8526 56.7939 66.2642
Variance 618.3181 1262.3773 901.8750

Table 7.106: Results with variance for Sample 9

. Results
Alternative
WS TOPSIS COPRAS
Al 54.3164 29.5440 73.5659
A2 64.5293 49.8912 100.0000
A3 61.7437 48.5243 84.8481
Mean 60.1964 42.6532 86.1380
Variance 27.8714 129.3543 175.9384
Table 7.107: Results with variance for Sample 10
. Results
Alternative
WS TOPSIS COPRAS
Al 61.2601 55.5804 91.8047
A2 56.2837 41.8842 97.2754
A3 66.7437 57.0794 100.0000
Mean 61.4292 51.5147 96.3600
Variance 27.3742 70.1208 17.4192

Table 7.108: Results with variance for Sample 11

. Results
Alternative
WS TOPSIS COPRAS

Al 67.8627 58.8429 99.5519
A2 59.1377 58.9700 100.0000
A3 38.8790 24.6267 52.5422
Mean 55.2931 47.4799 84.0314
Variance 221.1000 391.7051 743.7266
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Table 7.109: Results with variance for Sample 12

. Results
Alternative
WS TOPSIS COPRAS

Al 42.7884 55.1904 61.0686
A2 45.4172 34.2494 68.2598
A3 66.7437 64.8125 100.0000
Mean 51.6498 51.4174 76.4428
Variance 172.5978 244.2027 429.1353

Table 7.110: Results with variance for Sample 13

. Results
Alternative
WS TOPSIS COPRAS

Al 82.8431 69.2276 100.0000
A2 77.9956 47.7834 85.0186
A3 60.7961 44.8737 69.3500
Ad 70.5882 37.4163 72.0273
A5 57.0308 22.9354 58.3249
Mean 69.8508 44.4473 76.9442
Variance 120.5056 284.3933 256.3231

These variance results show that in most of thescé® out of 13) TOPSIS

have higher variance contributing 69.23% of theesa®nly 4 out of 13 cases show
higher variance in COPRAS contributing 30.77% while result shows higher

variance for WS as shown in Figure 7.1.

Cases with higher varience

80%
60%
40%
20%

0% -

69.23%
30.77%
- -
A
WS TOPSIS COPRAS

Figure 7.1: Percentage of cases with higher vagianc
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The total variance of all the cases for TOPSIS Ites8180.4946, while that
of COPRAS is 5302.1860 and WS 3111.4382. The comdbsamples, however, for
different procurements, show that TOPSIS has higagance.

There are some inherent drawbacks of this anallfgist of all, the majority
of sample sizes are small. Therefore the variaacesconfined only to the limited
number of alternatives in each sample. Howevesdlsample data sets are real life
procurement data from Maldivian institutions. THere, number of alternatives are
expected to be small for public sector procuremantie research context. As such,

accommodation of the small number of alternativethis analysis is acceptable.

The second inherent drawback is that COPRAS usgisesi value in the
range (100) for the first ranking alternative, althe other two methods. The use of
extreme values in COPRAS could increase the vagmhar the method. However

for this study only 4 cases have higher varianoe€ODPRAS.

The higher the variance of the results, the fartheralternatives are from
each other. Therefore the method which provideshigber variance would make
alternatives more distinct from each other for dresielection by the BECs. For this
research project, TOPSIS provides highest variamoespared to the other two
methods. TOPSIS has 69.23% chance of having higheéances for public
education sector procurement evaluation in MaldivEserefore, based on this

analysis, TOPSIS is preferred.

7.8.3 Stability analysis

Stability analysis or robustness analysis was cotedi) as explained in
research methodology chapter, Section 2.3.4.1.pfbeedures for the analysis are

provided in the research design chapter, Secti®® 3.
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The analysis was based on the sensitivity of ththaas to changes in data.
The sensitivity is measured on the changes toebglts of the methods and levels of
change in the data. The stability analysis wadieghpo TOPSIS and COPRAS with
the real life procurement data from the public sedanstitutions following the

approach used by Podvezko (2011).

Podvezko (2011) changed two data parameters fogiesset of data to show
changes in the results by the MCDA methods used s study, the first set of
analysis was undertaken by changing two data pdessnim alternate direction. The
second set of analysis was carried out by changnhgone data parameter. Finally,
an analysis of a case by changing two data paraspéteth in favourable direction,

was conducted. The following sections discuss tiatyaes.

7.8.3.1 Changes in two parameters in alternate diotion

In this analysis two data parameters are changjéé.data parameters are for
two alternatives in same criteria. The values dranged in opposite direction to
increase the result of lower ranking alternativel #m decrease the result of higher

ranking alternative. Some of the analysed sampkeasfollows.

Test 1:Test 1 was conducted on real life data Sample &. driginal data for the
sample and its results with TOPSIS and COPRASlave/is in Table 7.111. For the
analysis, original data values for A1 and A2 wiglgaird to criterion ‘duration’ were
changed. The value for A1 was increased by 11 @hdetreased by 10. The results
with the two changes in parameters are shown ineTatb12.
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Table 7.111: Initial data and results for Sample 5

. . . . TOPSIS COPRAS
Alternative | Duration Price Experience
Result Rank Result | Rank
Al 9| 88,600.00 0.36 0.8310 1 | 100.0000 1
A2 25| 101,632.00 0.76 0.6733 2| 85.7007 2
A3 15 | 116,297.78 0.48 0.4564 3| 77.9419 3
A4 13 | 139,000.00 0.44 0.1692 4| 67.5597 4

Table 7.112: Changed data and results for Samypi¢hSwo changes

) . . . TOPSIS COPRAS
Alternative | Duration Price Experience
Result Rank Result | Rank
Al 20 | 88,600.00 0.36 0.8039 1| 99.9775 2
A2 15 | 101,632.00 0.76 0.7483 2 | 100.0000 1
A3 15 | 116,297.78 0.48 0.4483 3| 85.2655 3
A4 13 | 139,000.00 0.44 0.1135 4 | 73.8759 4

As seen in the results involving change in the d&@PRAS results are
changed and the ranking altered. A1, which wasedrikst, falls to second and A2

gains first rank.

The analysis also checked how much change is esjuir the same data
parameters to alter the ranks in TOPSIS. The aisatymwed that TOPSIS requires
the Al value to increase by 16 and A2 to decregsibbTherefore, the threshold for
TOPSIS is stronger by a value of 4 for A1 and byakue of 6 for A2 compared to
COPRAS as shown in the following Figure 7.2.
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Figure 7.2: Threshold levels for TOPSIS and COPRA®est 1
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Test 2:Test 2 was conducted on real life data Sample 4. driginal data for the
sample and its results with TOPSIS and COPRAS faeis in Table 7.113. Test 2

was targeted at the middle ranged ranks rather tibyamanks, in order to check a

different level. For the analysis original dataued for A3 and A4 with regard to

criterion ‘duration’ were changed. The value for A&s increased by 3 and A4

decreased by 4. The results, with two changes ranpeters are shown in Table

7.114.
Table 7.113: Initial data and results for Sample 4
. ) . . TOPSIS COPRAS

Alternative | Duration Price Experience

Result Rank | Result | Rank
Al 5| 16,500.00 0 1 1| 100.0000 1
A2 15 | 38,700.00 0| 0.817116 2 | 41.44825 2
A3 28 | 46,730.00 0| 0.745086 3 | 32.08977 3
A4 26 | 49,900.00 0| 0.721421 4 | 30.79202 4
A5 28 | 115,532.00 0| 0.203487 5| 14.58146 5
A6 60 | 121,405.00 0| 0.133404 6 | 12.76419 6
A7 24 | 137,867.80 0| 0.100601 7 | 12.51467 7

Table 7.114: Changed data and results for Sampiéhdtwo changes
. . . . TOPSIS COPRAS

Alternative | Duration Price Experience

Result Rank | Result | Rank
Al 5| 16,500.00 0 1 1 | 100.0000 1
A2 15| 38,700.00 0| 0.817116 2| 41.4427 2
A3 31| 46,730.00 0| 0.742775 3| 31.4512 4
A4 22 | 49,900.00 0| 0.723801 4| 31.5840 3
A5 28 | 115,532.00 0| 0.203526 5| 14.5829 5
A6 60 | 121,405.00 0| 0.133399 6| 12.7604 6
A7 24 | 137,867.80 0| 0.100702 7 12.5174 7

As seen from the results, with the very slight deam the data, COPRAS

results are changed and the rankings altered. Ahamvas ranked third, falls to

fourth rank and A4 gains third rank.
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The values of change required in the same datanedeas to alter the ranks
in TOPSIS were also checked. The analysis showsTi@®SIS requires the A3
value to increase by 20 and A4 to decrease by Be&refore, the threshold for
TOPSIS is stronger by a value of 17 for A3 and Adle compared to COPRAS, as
shown in the following Figure 7.3.
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Figure 7.3: Threshold levels for TOPSIS and COPRA®est 2

Test 3:Test 3 was conducted on real life data Sample @. driginal data for the
sample and its results with TOPSIS and COPRAS lave/is in Table 7.115. For the
analysis, original data values for A5 and A6 wiggard to criterion ‘duration’ were
changed. The value for A5 was increased by 1 andie®eased by 1. The results,

with these two changes in parameters are showalieT7.116.

Table 7.115: Initial data and results for Sample 6

. . X . TOPSIS COPRAS

Alternative | Duration Price Experience

Result Rank Result Rank
Al 10 8,165.00 0.064 0.7917 2 65.9058 2
A2 12 9,260.00 0.818 0.9583 1| 100.0000 1
A3 9| 13,000.00 0 0.7481 3 44,1360 3
Ad 7 | 18,000.00 0 0.6931 4 34.3767 4
A5 8 | 19,000.00 0 0.6794 5 32.2988 5
A6 8 | 19,500.00 0 0.6724 6 31.5580 6
A7 12 | 19,400.00 0 0.6722 7 30.1080 7
A8 10| 22,979.00 0 0.6194 8 26.6096 8
A9 20 | 24,250.00 0 0.5936 9 22.9324 9
Al10 15| 27,750.00 0 0.5373 10 21.4571 10
All 10 | 29,900.00 0 0.5016 11 20.9905 11
Al2 6 | 37,500.00 0 0.3640 13 17.5388 13
Al3 10 | 33,950.00 0 0.4276 12 18.6819 12
Al4 7 | 39,000.00 0 0.3349 14 16.7744 14
Al5 20 | 55,500.00 0 0.0000 15 11.2321 15
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Table 7.116: Changed data and results for Samypi¢gh@wo changes

TOPSIS COPRAS

Alternative | Duration Price Experience

Result Rank Result Rank
Al 10 8,165.00 0.064 0.7917 2 65.9063 2
A2 12 9,260.00 0.818 0.9583 1| 100.0000 1
A3 9| 13,000.00 0 0.7481 3 44.1364 3
A4 7 | 18,000.00 0 0.6931 4 34.3770 4
A5 9| 19,000.00 0 0.6791 5 31.8690 6
A6 7 | 19,500.00 0 0.6727 6 31.9800 5
A7 12 | 19,400.00 0 0.6722 7 30.1083 7
A8 10 | 22,979.00 0 0.6194 8 26.6099 8
A9 20 | 24,250.00 0 0.5936 9 22.9326 9
Al10 15| 27,750.00 0 0.5373 10 21.4573 10
All 10 | 29,900.00 0 0.5016 11 20.9907 11
Al12 6 | 37,500.00 0 0.3640 13 17.5390 13
Al3 10 | 33,950.00 0 0.4276 12 18.6821 12
Al4 7 | 39,000.00 0 0.3349 14 16.7745 14
Al5 20 | 55,500.00 0 0.0000 15 11.2322 15

As seen from the results with the very slight cleangthe data, COPRAS
results are changed and the rankings altered. Atchmvas ranked fifth, falls to

sixth rank and A6 gains fifth rank.

The value of change required in the same data aeasito alter the ranks in
TOPSIS was also checked. The analysis showed RISTS requires the A5 value
to increase by 7 and A6 to decrease by 6. Theretbeethreshold for TOPSIS is
stronger by a value of 6 for A5 and 5 for A6, comgoato COPRAS, as shown in the
following Figure 7.4.

Threshold levels

W TOPSIS
m COPRAS

Figure 7.4: Threshold levels for TOPSIS and COPRA®est 3
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Test 4:Test 4 was conducted on real life data Sample @. driginal data for the
sample and its results with TOPSIS and COPRASlave/is in Table 7.117. For the
analysis, original data values for A1 and A3 wiglgaird to criterion ‘duration’ were
changed. The value for A1 was increased by 5 andiét3eased by 5. The results,

with the two changes in parameters, are shown imeTA118.

Table 7.117: Initial data and results for Sample 7

Financ | Techni TOPSIS COPRAS

Alte . .

Dura . Experie ial cal
rnat . Price . .
. tion nce capabi | capabil | Result | Ran | Result | Ran
ive . .

lity ity k k

Al 75 | 240,750.00 0.9333 0 0.15 | 0.3720 2 | 77.7051 2
A2 85 | 284,820.00 0.8 0 0.85 | 0.6512 1 | 100.000 1
A3 58 | 197,961.00 0.2 0 0.15 | 0.3364 3| 74.9994 3

Table 7.118: Changed data and results for SamypighAwo changes

Financ | Techni TOPSIS COPRAS

Alte . .

Dura . Experie ial cal
rnat . Price .
. tion nce capab | capabil | Result | Ran | Result | Ran
ive .. .

ility ity k k

Al 80 | 240,750.00 0.9333 0 0.15 | 0.3655 2 | 76.4874
A2 85 | 284,820.00 0.8 0 0.85 | 0.6425 1 | 100.000 1
A3 53 | 197,961.00 0.2 0 0.15 | 0.3452 3| 76.7132

As seen from the results with the change in th@,d@OPRAS results are
changed and the rankings altered. Al, which wakesecond, falls to third rank

and A3 gains second rank.

The value of change required in the same data aeasito alter the ranks in
TOPSIS was also checked. The analysis shows th&ST®requires Al value to
increase by 11 and A3 to decrease by 11. Therefoeethreshold for TOPSIS is
stronger by a value of 6 for both A1 and A3, conedalo COPRAS, as shown in the
following Figure 7.5.
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Figure 7.5: Threshold levels for TOPSIS and COPRASest 4

Test 5: Another case was considered by changing the twanpeters of the same
alternative. Two criteria values for the alternatare changed in order to realise the
threshold level of change for its ranking.

This test was conducted on real life data Samplél'a8 original data for the
sample and its results with TOPSIS and COPRAS hosvis in Table 7.119. In
contrast to the previous tests, in Test 5, the datameters are for two criteria of a
single alternative and the change in data is insto@e direction. For the analysis
original data values for A2 with regard to criteffiaancial capability’ and ‘technical
capability’ were changed. The value for ‘finanatabpability’ was increased by 5 and
‘technical capability’ increased by 4. The resultgith the two changes in

parameters, are shown in Table 7.120.

Table 7.119: Initial data and results for Sample 13

. . Financial | Technical TOPSIS COPRAS

Alternative Price - o

capability | capability | Result Rank Result Rank
Al 12,000.00 10 25 0.6923 1| 100.0000 1
A2 9,180.00 10 10 0.4778 2 85.0186 2
A3 12,620.00 0 18 0.4487 3 69.3500 4
A4 8,500.00 5 5 0.3742 4 72.0273 3
A5 10,500.00 3 5 0.2294 5 58.3249 5
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Table 7.120: Changed data and results for Sampleéth3wo changes

. . Financial | Technical TOPSIS COPRAS

Alternative Price e o

capability | capability | Result | Rank Result | Rank
Al 12,000.00 10 25 0.6648 1 99.7474 2
A2 9,180.00 15 14 0.6079 2 | 100.0000 1
A3 12,620.00 0 18 0.4243 3 70.8859 4
A4 8,500.00 5 5 0.3695 4 73.8790 3
A5 10,500.00 3 5 0.2239 5 59.9872 5

As seen from the results with the change in th@,d@OPRAS results are
changed and the rankings altered. A1, which walsecifirst, falls to the second rank

and A2 gains first rank.

The value of change required in the same data deasito alter the ranks in
TOPSIS was also checked. The analysis showed BRISTS requires A2 values in
both the criteria to increase by 6. Therefore,ttlieshold for TOPSIS is stronger by
a value of 1 for criteria ‘financial capability’ dnby 2 for the criteria ‘technical
capability’, compared to COPRAS, as shown in thiewang Figure 7.6.
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Figure 7.6: Threshold levels for TOPSIS and COPRA®est 5

All the tests done with changes in two parametbsved that TOPSIS is
stronger in stability than COPRAS when raw datanenipulated. The next set of

tests on stability is with one data parametershasvn in the following section.
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7.8.3.2 Changes in one parameter

In this set of analysis one data parameter is @wngThe value for a

criterion for an alternative is changed. Some efdhalysed samples are as follows.

Test 6: This test was conducted on real life data SamplEh2 original data for the
sample and its results with TOPSIS and COPRASare/s in Table 7.121. For the
analysis original data values for A1 with regardctiaeria ‘duration’ was changed.
The value for the criteria was increased by 2. Tésults with the change in

parameter are shown in Table 7.122.

Table 7.121: Initial data and results for Sample 2

. . . ] TOPSIS COPRAS
Alternative | Duration Price Experience
Result | Rank Result Rank
Al 21 | 676,677.83 0.8667 | 0.62216 1| 100.0000 1
A2 30 | 660,671.55 0.9333 | 0.37784 2 99.3789 2

Table 7.122: Changed data and results for Sampféh2one change

. . ] ] TOPSIS COPRAS
Alternative | Duration Price Experience
Result | Rank | Result Rank
Al 23 | 676,677.83 0.8667 | 0.55370 1] 99.73545 2
A2 30 | 660,671.55 0.9333 | 0.44630 2 | 100.0000 1

As seen from the results with the change in the,d@OPRAS results are
changed and the rankings altered. Al, which wakeafirst rank, falls to the second

rank and A2 gains first rank.

The value of change required in the same data peauto alter the ranks in
TOPSIS was also checked. The analysis showed tBRISTS requires Al values to
increase by 4. Therefore, the threshold for TOHSKronger by a value of 2 for the
criteria, compared to COPRAS, as shown in the vahg Figure 7.7.
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Figure 7.7: Threshold levels for TOPSIS and COPRATest 6

Test 7: This test was conducted on real life data Sampleh# original data for the

sample and its results with TOPSIS and COPRAS laveis in Table 7.123. For the
analysis original data values for A1 with regardctaeria ‘financial strength’ was

changed. The value for the criteria was increased.lhe results, with the change
in parameter, are shown in Table 7.124.

Table 7.123: Initial data and results for Sample 1

Alter | Dur Years Simil F||'1an TOPSIS COPRAS
. . . of cial

nativ | atio Price . ar

experie Stren | Result | Ran Result Ran

e n Task
nce gth k k

Al 90 | 678,919.00 1 1 1| 0.4944 2| 86.4162 2
A2 60 | 549,972.44 0 0 0| 0.4356 3| 65.8093 3
A3 44 | 730,000.00 1 1 1| 0.7291 1| 100.000 1

Table 7.124: Changed data and results for Sampiéhlone change

Years . . | Finan | TOPSIS COPRAS
Alter Simi R
. Dura . of cial
nativ R Price . lar
tion experi Stren | Result | Ran Result Ran
e Task
ence gth k k
Al 90 | 678,919.00 1 1 4 | 0.4904 1| 100.0000 1
A2 60 | 549,972.44 0 0 0| 0.4736 2 70.0226 3
A3 44 | 730,000.00 1 1 1| 0.7124 3| 98.3511 2
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As seen from the results, with the change in the,dAOPRAS results are
changed and the rankings altered. A3, which walsadfirst, falls to the second rank

and Al gains first rank.

The value of change required in the same data peauto alter the ranks in
TOPSIS was also checked. The analysis showedthBOPSIS, even applying the
maximum allowable value to the parameter set byrbtution made no changes to
the top rank by TOPSIS. Therefore, the threshotdTIOPSIS is stronger for this
criterion, compared to COPRAS.

Test 8: This test was conducted on real life data Samplehé original data for the
sample and its results with TOPSIS and COPRASare/s in Table 7.113. For the
analysis original data values for A3 with regardctaeria ‘duration’ was changed.
The value for the criteria was increased by 7. Tésults, with the change in

parameter, are shown in Table 7.125.

Table 7.125: Changed data and results for Sampiéhdone change

TOPSIS COPRAS

Alternative | Duration Price Experience

Result | Rank Result Rank
Al 5| 16,500.00 0 | 1.0000 1 100.000 1
A2 15 | 38,700.00 0| 0.8171 2 41.4860 2
A3 35| 46,730.00 0| 0.7401 3 30.8072 4
A4 26 | 49,900.00 0| 0.7216 4 30.8614 3
A5 28 | 115,532.00 0| 0.2024 5 14.5715 5
A6 60 | 121,405.00 0| 0.1335 6 12.7896 6
A7 24 | 137,867.80 0| 0.0978 7 12.4960 7

As seen from the results, with the change in thie,daOPRAS results are
changed and the rankings altered. A3, which walksegithird, falls to the fourth rank
and A4 gains third rank.

The value of change required in the same data dearto alter the ranks in
TOPSIS also was checked. The analysis showed tBRISTS requires A3 values to
increase by 34. Therefore, the threshold for TORSKronger by a value of 27 for
the criteria, compared to COPRAS, as shown inalewing Figure 7.8.
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Figure 7.8: Threshold levels for TOPSIS and COPRAT®est 8

Test 9: This test was conducted on real life data SamplEhé original data for the
sample and its results with TOPSIS and COPRASare/s in Table 7.115. For the
analysis original data values for A5 with regardctderia ‘duration’ was changed.
The value for the criteria was increased by 2. Tésults, with the change in

parameter, are shown in Table 7.126.

Table 7.126: Changed data and results for Sampiéhtone change

TOPSIS COPRAS

Alternative | Duration Price Experience

Result | Rank | Result | Rank
Al 10| 8,165.00 0.064 | 0.7917 2 | 65.9850 2
A2 12 9,260.00 0.818 | 0.9586 1 | 100.0000 1
A3 9 | 13,000.00 0| 0.7481 3| 44.1463 3
A4 7 | 18,000.00 0| 0.6931 4| 34.3576 4
A5 10 | 19,000.00 0| 0.6787 5| 31.4441 6
A6 8 | 19,500.00 0| 0.6724 6 | 31.5423 5
A7 12 | 19,400.00 0| 0.6722 7 | 30.1096 7
A8 10 | 22,979.00 0| 0.6194 8| 26.5982 8
A9 20 | 24,250.00 0 | 0.5936 9| 22.9448 9
Al0 15 | 27,750.00 0| 0.5374 10 | 21.4539 10
All 10 | 29,900.00 0 | 0.5016 11| 20.9755 11
Al12 6 | 37,500.00 0| 0.3639 13| 17.5171 13
Al3 10 | 33,950.00 0| 0.4276 12 | 18.6665 12
Al4 7 | 39,000.00 0| 0.3348 14 | 16.7546 14
Al5 20 | 55,500.00 0 | 0.0000 15| 11.2249 15
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As seen from the results, with the change in the,dAOPRAS results are
changed and the rankings altered. A5, which wakecififth, falls to the sixth rank
and A6 gains fifth rank.

The value of change required in the same data peauto alter the ranks in
TOPSIS was also checked. The analysis showed RSSTS requires A3 values to
increase by 17. Therefore, the threshold for TORSKronger by a value of 15 for
the criteria, compared to COPRAS, as shown indHeviing Figure 7.9.

Threshold level
20

17

15

10 = TOPSIS

m COPRAS

A5

Figure 7.9: Threshold levels for TOPSIS and COPRATest 9

Test 10: This test was conducted on real life data Samplknhé& original data for the
sample and its results with TOPSIS and COPRASlave/is in Table 7.117. For the
analysis original data values for A5 with regardctaeria ‘duration’ was changed.
The value for the criteria was increased by 12. Témults, with the change in

parameter, are shown in Table 7.127.

Table 7.127: Changed data and results for Sampiéhtone change

Finan | Tech TOPSIS COPRAS
Alter . . .
. Dura . Experi | cial | nical
nativ . Price
o tion ence capa | capa | Result | Ran | Result | Ran
bility | bility k k
Al 87 | 240,750.00 | 0.9333 0| 0.15]| 0.3644 2 | 75.4109
A2 85 | 284,820.00 0.8 0| 0.85]| 0.6537 1| 100.000 1
A3 58 | 197,961.00 0.2 0| 0.15] 0.3371 3| 75.4847
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As seen from the results with the change in th@,d@OPRAS results are
changed and the rankings altered. Al, which wakedrsecond, falls to the third

rank and A3 gains second rank.

The value of change required in the same data peauto alter the ranks in
TOPSIS was also checked. The analysis showed RISTS requires Al values to
increase by 27. Therefore, the threshold for TORSKronger by a value of 15 for
the criteria, compared to COPRAS, as shown indheviing Figure 7.10.
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Figure 7.10: Threshold levels for TOPSIS and COPRAEest 10

7.8.3.3 Changes in two parameters in favourable déction

In this analysis, two data parameters are changdte data parameters are
for two alternatives in the same criteria. The eallare changed in favourable
direction to increase the result for both altenregti Test 11 tested and analysed the
data using real life data Sample 11. The origirgador the sample and its results
with TOPSIS and COPRAS are shown in Table 7.128l@ analysis original data
values for A1 and A2 were decreased by 1 each,neghrd to the criteria ‘duration’.

The results, with the change in parameters, aresho Table 7.129.
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Table 7.128: Initial data and results for Sample 11

Finan | Tech TOPSIS COPRAS
Alte | Dur . . .
. . Experie | cial | nical
rnat | atio Price
ive n nce capa | capa | Result | Ra Result | Ran
bility | bility nk k
Al 15 30,945.00 | 0.9333 0| 0.15| 0.5884 2 | 99.5519
A2 19 65,450.00 0.8 0| 0.85| 0.5897 1| 100.000 1
A3 7 | 102,000.00 0.2 0| 0.15]| 0.2463 3| 52.5422 3

Table 7.129: Changed data and results for Samplethitwo changes

Finan | Tech TOPSIS COPRAS
Alte | Dur . . .
. . Experie | cial | nical
rnat | atio Price
ive n nce capa | capa | Result | Ra Result | Ran
bility | bility nk k
Al 14 30,945.00 | 0.9333 0| 0.15]| 0.5911 2 | 100.000 1
A2 18 65,450.00 0.8 0| 0.85| 0.5929 1| 99.8677 2
A3 7 | 102,000.00 0.2 0| 0.15| 0.2404 3| 52.0742 3

As seen from the results, with the slight changedata, COPRAS results are
changed and the rankings altered. Even thoughstaMavourable change to both the
methods, there was no change of ranking in TOPIBIEOPRAS, A2, which was
ranked first, falls to the second rank and Al génss rank.

The value of change required in the same data dearto alter the ranks in
TOPSIS was also checked. TOPSIS rankings did rexigdh when the value of Al
and A2 was equally decreased until it reached #ieevof A3 (7), representing 12
negative performance measures each. Therefore thiteshold for TOPSIS is

stronger by a value of 11 for each of the critec@npared to COPRAS as shown in
the following Figure 7.10.
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Figure 7.11: Threshold levels for TOPSIS and COPRAEest 11
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There are some inherent limitations of this analysimilar to variance
analysis as the majority of sample sizes are smh#refore, the results of stability
are confined only to the limited number of alteived in each sample. However, as
mentioned before, the limitation is accommodatethassamples are from a real life

context, which is expected in public sector promeagt.

The second limitation is that testing every combaraof a parameter with
every possible data value is practically not pdeditr this project. The study looked
for least possible changes in parameters as dedciib Section 3.6.5. Therefore,
there could be some data values for some paramtbi@rcould show favourable
results for COPRAS but not TOPSIS. However 100%ases studied showed that
stability of TOPSIS is higher than COPRAS.

The method which provides higher stability wouldphBECs for some extent
to accommodate unidentified improper supplier penéinces in the evaluation of
public sector procurement. Based on the stabdiyalysis carried out above,
TOPSIS showed a strong threshold level for evest ttone compared to the
COPRAS. Therefore, based on this analysis, TOPSfigeiferred.

7.9  Application of MCDA on performance

As discussed in research methodology, Section .2,3#his step of the

research is to identify the highest ranking methonder MCDA.

So far several analyses have been executed on M@&Aods, as discussed
in research methodology and research design clsapgtefirst, legal and operational
requirements and constraints in the Maldivian cxntere checked against the
characteristics of groups of MCDA methods througitega-based evaluation. A
second analysis involved the extension of the fingtdoing similar analysis at

method level for the methods in filtered groupgsrirthe first analysis. The filtered
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individual methods went through three differentfpenance analyses, as discussed
above. Based on these analyses, TOPSIS is thesoitsble MCDA method for the

evaluation of public education sector procuremerhée Maldives.

In addition to the analysis described above, asudied in Section 2.3.4.1
and Section 3.7, WS method and TOPSIS method goéedpto TOPSIS and
COPRAS to select from the two. WS method is useitliaghe current procurement
evaluation method by the public sector educatiatititions. That is to check the
preference results based on the current systemST®R used as it was one of the
methods filtered out by the evaluation processisf project as one of the applicable
candidates. However, the other applicable candida®RAS, requires at least one
cost criteria to apply it and there was no cogedon in this analysis. Therefore, this

analysis could not use COPRAS to check for perfoceaesults.

The criteria for the analysis are drawn from thevmus analyses. Equal
preference weight is allocated for every criterian,explained in Section 3.7. The

following four criteria are each set with a 25% gl

1. Adherence to requirements:The methods which pass through criteria-
based evaluation are given the highest score. Siotle methods are
cleared through this, the highest performance sc®rgiven to both
methods.

2. Average correlation coefficients: The average correlation coefficient
score for the 13 samples are allocated as the rpgafce score for the
methods.

3. Average variance: The average variances for the 13 samples are
allocated as the performance score for the methods.

4. Average threshold: The average threshold values for the 11 casesdtest
under stability analysis are allocated as the pevdmce score for the

methods.

The calculated data matrix for the two alternativEGPSIS and COPPRAS,

the four criteria are shown in Table 7.130 below.
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Table 7.130: Data matrix for TOPSIS and COPPRAS

A
Adherence to verag_e Average Average
Iternative | requirements correlation variance threshold
A coefficient
0.25 0.25 0.25 0.25
TOPSIS 100 0.89588 | 629.26881 23.18182
COPRAS 100 0.89973 | 407.86046 8.72727

Based on the data, the results of the WS methogdrasented in Table 7.131

below.
Table 7.131: WS results for TOPSIS and COPPRAS
Adherence Average Average | Average
Alternative to correlation K g & Total Rank
. .. variance | threshold
requirements | coefficients
TOPSIS 0.25000 0.24893 0.25000 0.25000 | 0.74893 1
COPRAS 0.25000 0.25000 0.16204 0.09412 | 0.50616

As seen from the WS results, TOPSIS gets a higalkerevand the first rank.
Therefore, TOPSIS is preferred to COPRAS, accorthirthe analysis.

The resulting weighted normalised matrix by appiccaof TOPSIS is shown

in Table 7.132.

Table 7.132: TOPSIS weighted normalised matrixfoPSIS and COPPRAS

Adherence Average
. . Average | Average
Alternative to correlation .
. L variance | threshold
requirements | coefficients
TOPSIS 0.1767767 0.176398 | 0.209788 | 0.233969
COPRAS 0.1767767 0.177155 | 0.135974 | 0.088082

Calculations using the weighted normalised matrix TOPSIS results

separation measures from the ideal solution, separmeasures from the negative-
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ideal solution, relative closeness to the ideautsmh, and the ranks which are
presented in Table 7.133.

Table 7.133: TOPSIS results for TOPSIS and COPPRAS

Alternative df d; R; Rank

TOPSIS 0.001010 | 0.217996 | 0.995389 1
COPRAS 0.217996 | 0.001010 | 0.004611

Based on the TOPSIS results, TOPSIS is closesietadeal solution, getting
the highest score, which ranked TOPSIS in firsitps Therefore, TOPSIS is more
preferred than COPRAS according to the analysis.

As all the conclusive analysis done in this rede@roject has shown that the
TOPSIS is more preferable, the conclusion of tieeaech is that TOPSIS is ‘good
enough’ and the best applicable decision modek®in Maldivian public education

sector procurement.

7.10 Conclusion

This chapter has discussed the performance analf/sie research project.
The chapter discussed 13 sample data sets, amabgiieation of the data sets in
TOPSIS and COPRAS. The results of the TOPSIS anBRX3 are analysed for

their performance levels.

Congruence/incongruence analysis of the resultf@PSIS and COPRAS
were carried out on the samples. The analysisincasiclusive as it showed varied

results for two methods in different samples.

Variance analysis was also executed on the resUEOPSIS and COPRAS.
The results showed that TOPSIS has a higher vaidran COPRAS, indicating the
further spread of alternatives for easier selechioOPSIS. The analysis was in
favour of TOPSIS.

274



Stability or robustness analysis also was undentakethe results of TOPSIS
and COPRAS, and showed that TOPSIS has a higheshibid value in every tested
case than COPRAS. Therefore, stability was high@QPSIS.

Finally, based on the results of the analyses donghe project, the two
methods, TOPSIS and COPRAS were evaluated using®MiS OPSIS. The criteria
are adherence to requirements, average correlabefficients, average variance,
and average threshold for the methods. By allogagigual weights for the criteria
both the WS method and TOPSIS method preferred TB&\&r COPRAS.

Therefore, based on this analysis the chapter adadl that TOPSIS is best
applicable decision model to use in Maldivian palglducation sector procurement.
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CHAPTER 8

CONCLUSIONS

8.1 Overview

This chapter discusses the overall findings of theearch project, its
achievements and how the research question hasabserered. It also discusses the
contributions and suggestion to public sector precient based on this research, and
the limitations of the research and its mitigatistnategy. Finally, future work

related to the research is discussed.

8.2  Summary of research and findings

The research aimed to identify a suitable MCDA rodtto evaluate suppliers
for public sector procurement in the Maldivian @xit The research focused on the
public education sector, where procurement decsseme@ made within the public
institution by BEC. BEC evaluates and decides tloezyrements that cost between
MVR25,000.00 and MVR1,500,000.00.
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Public sector procurement evaluations are madedbasemultiple criteria
that are set for each procurement and announcpditicc. This creates a context in
which MCDA techniques should be applied to the eatbn. Manual processing of
MCDA methods for procurement evaluation are timastoning and can lead to
errors. In addition, manual processing leavesaaedlountability with a particular
individual. Therefore, to save time and mitigatequrement evaluation errors, the
research is intended for e-procurement DSS, whemduation processing is

computerised.

The identified decision evaluation model for thereeurement DSS is the
identified artefact for this research. To seleds tecision evaluation model the
research adopted the DSR methodology, which preuide artefact, a theory of use
of it in the context, and how to evaluate the atef As these three components are
of prime importance for the research project, DSRhosen. DSR for this project
includes several research activities in a serieantdyse the best applicable MCDA

methods to the research context.

In the first phase of development, as explaine8ention 2.3 and illustrated
in Figure 2.2, the first major research activitysvaaliterature review of public sector
procurement, mainly focusing on the Maldivian cahteThis literature review

provided the requirements and constraints of pigaator procurement.

The second activity, a field research involvingusgroup discussions with
public procurement decision-makers from selectedication institutions, was
conducted. The results of the focus groups provitledperational requirements and

constraints in public sector procurement.

The third activity in the first phase of developresms a systematic literature
review of MCDA methods. This literature review pided the requirements and

constraints of MCDA methods.

In the second phase of development, criteria-basetuation was done on
the requirements and constraints of public sectocyrement gathered against the

requirements and constraints of MCDA methods. E€kaluation filtered the MCDA
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methods that adhere to the public sector procuremeguirements and constraints.
The result of this stage was that TOPSIS and COPRASthe two applicable

methods for public sector procurement evaluatiotnéMaldivian education sector.

The third phase of the research was performanclysisiaas explained in
Section 2.3.4.1 and illustrated in Figure 2.2, thos performance analysis, selected
real procurement data sets collected from seleptdalic sector institutions were
applied to two filtered MCDA methods, TOPSIS and RIRAS.
Congruence/incongruence analysis was executedeoresults. The analysis showed
no preference for any of the methods. Next, vagaaalysis was done on the results
of the application of the real life procurementadah the two methods. The analysis
resulted that TOPSIS has a higher variance compar€DPRAS. Therefore, based
on the variance analysis, alternatives in TOPSI8lavbave longer distance gaps,
and so was preferred in the variance analysis. fifla® performance analysis was
stability analysis. The analysis changed data peier® to check the changes of
results by the two methods. The result showed thad|l the cases tested, TOPSIS
performed better, having a higher threshold vakResed on this stability analysis,
TOPSIS was preferred.

The fourth phase of the research was to applyDM®n selection of the
two methods. The criteria for evaluation were tBguits of criteria-based evaluation,
congruence/incongruence analysis, variance analgsts stability analysis. All the
criteria are output or favourable criteria and gireen equal preference weights. For
the purpose, the two filtered methods and WS wéaengd to be used. However,
due to the inherent requirements of COPRAS to hapet criteria, the analysis
could not use COPRAS, as there were no input @ifer the analysis. WS is the
current evaluation method used by public sectorcation institutions. WS
applications on TOPSIS and COPRAS based on therpeaihce criteria showed that
TOPSIS is preferable. A similar result was shownewhlrOPSIS was applied,
resulting in a higher rank for TOPSIS over COPRAS.

Therefore based on the series of the research sssalyOPSIS is the best
applicable model for public sector procurement @atbn in an e-procurement

decision support system for public education seatdhe Maldives.

278



8.3 Responding to research question

The primary aim of the research was to analyseezatlate MCDA methods

to apply as the decision model for an e-procureni¥$ in the Maldives public

education sector to suggest the most preferred lisuppased on supplier

performances of pre-set criteria. In view of thémary aim of the research, the

purpose of the study is addressed through thewollpresearch question:

What is the most suitable MCDA method that can seduin public sector

procurement in the Maldives education sector?

To answer this research question, the followingaesh objectives were set,

as presented in the introductory chapter:

To identify procurement characteristics, constsasmd limitations of
public sector procurement in general and more fpetd the
education sector in relation to local laws and faigons.

To identify operational constraints, limitations danexpected
characteristics of public sector procurement frown éducation sector
procurement decision makers’ perspective.

To identify and analyse the characteristics of poaé MCDA
methods in context of public procurement decisicakimg.

To filter applicable MCDA methods by undertakingcamparative
analysis of identified methods with the public secprocurement
characteristics, constraints and limitations inatieh to law and
regulation and decision-makers’ view.

To carry out a comparative analyse of the apple®CDA methods,
based on the results of application of real pronart data sets as a

proof of the model with the best performance.
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The first objective was achieved through the litem@ review, which
identified requirements and constraints for pubkctor procurement in general and

specifically to the Maldivian public sector, asalissed in Chapter 4.

The second objective was achieved through focusipgdiscussions with
public education sector procurement decision-makine analysis of focus groups
has generated the operational requirements of tladdilian public sector, as

discussed in Chapter 5.

The third objective was achieved through the syateniiterature review of

MCDA methods as discussed in Chapter 6 togethér aviteria-based evaluation.

The fifth objective was achieved through theeci#t-based evaluation done
to filter MCDA methods according to the requirenseot public sector, discussed in
Chapter 6.

The sixth objective was achieved through theqrerance analyses done to
evaluate applicable methods, based on their pedocewhen real life procurement
data were used. Congruence/incongruence analywisnee analysis, and stability
analysis was conducted for performance analysesddition, MCDA was applied to

identify the best performing method, as discusedgdhapter 7.

By achieving the six research objectives, the mebequestion is answered by
selecting a suitable MCDA method for public segioocurement in the Maldives

education sector. The selected method is TOPSIS.
Therefore, the primary research objective to amalgsd evaluate MCDA

methods to select and apply as the decision madedrf e-procurement DSS in the

Maldives public education sector has been achieved.
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8.4  Contributions to knowledge

One of the major contributions to knowledge isfilaenework to identify and
evaluate the decision model, which is the implementdesign science research
model for this study. The research design is pteseim Section 2.3 and illustrated
in Figure 2.2. The research design used a serieactofities and evaluations to
identify the most suitable decision model for tleseaarch context. This research
needed to identify a decision model that fitted lpulsector regulations and
operational requirements. Therefore, the researebigd helped to meet the

requirements.

The research design involved various checks andu&vans at different
phases of the research to validate the artefacthimresearch context. At first the
research identified the regulatory requirements poblic sector procurement
followed by operational requirements from decisinakers. These requirements are
used to evaluate the MCDA methods, in order to khed met the public sector
requirements. Next, the methods that adhered tpubéc sector requirements were
evaluated for their performance in procurementuatabn. In addition, MCDA was
applied, to identify the most applicable methodisTiesearch approach has yielded
good results and research findings. This resededign is easily transferable to
other contexts and studies that aim at understgritie use of artefacts in complex
human activity systems that share legal, operatiand performance requirements.
This type of research is becoming common in So8elence in general and

Management Studies and Information Systems inqudati.

Second major contribution is the identificationtbé most suitable decision
model for the Maldivian public sector procuremeat the education sector for
supplier evaluation, according to the regulatoryd asperational needs of the
Maldives. The identified decision model is selectealsed on a thorough evaluation
of more than 80 published MCDA methods, as disaiss&ection 2.3. The research
suggested that the most suitable decision modeh&context is TOPSIS. Based on
this result, public sector procurement officialsuleb initiate discussions to adopt

TOPSIS for public procurement evaluation. Using BI# for public procurement
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evaluation in Maldives will improve the evaluatipnocedure and provide the best

results in line with the public procurement prirleg

Third major contribution to the knowledge is thentification of the public
sector procurement requirements for the Maldiviantext as presented in Chapter 4
and Chapter 5. The requirements are gathered fheniiterature and through field
research. The literature review covered academicgaay literature and gathered
requirements, based on public sector procurememidamentals, laws and
regulations specific to Maldivian context. Operatibrequirements for public sector
procurement were identified through focus groupcubksions. A series of focus
groups discussions were conducted with procurendecision-makers from the
Maldivian public sector and analysed to identifye tbperational requirements,
constraints and wishes. The emerged findings arecoatributions in the context of
research. The identified requirements can be usedvaluate any model for its

appropriateness to the public procurements in Makdi

Fourth major contribution is the outcome of thetesra-based evaluation.
These finding are presented in Chapter 6. For dlgduation, firstly, a systematic
literature review was conducted, in order to idgritie characteristics of the MCDA
methods in the context of public sector procuremdntis study gathered the
characteristics of the MCDA methods in relationthe research context from the
literature. This study helped to contextualise ¢haracteristics to evaluate MCDA
methods for suitability in relation to public sectprocurement evaluation. The
criteria-based evaluation compared the identifiedracteristics of MCDA methods
against the public sector procurement requiremehtthe research context. This
analysis helped to identify the MCDA methods thag applicable to public sector
procurement evaluation in the Maldivian context.isTlriteria-based evaluation
provided two methods that are suitable to be usased on the legal and operational
requirements of the Maldives public sector procweein The two methods are
TOPSIS and COPRAS.

Fifth major contribution is the finding of the rélee strength of performance
of TOPSIS and COPRAS, as presented in Chapter Berfes of performance
evaluations were executed on TOPSIS and COPRAS neih life data. These
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evaluations measured the strengths of performahdbeotwo methods in same
scenarios. Based on the evaluation, TOPSIS hasgleerh performance than
COPRAS. These analyses, data and results can lobebysether researchers for

situations where similar performance analysis guired.

Sixth contribution is the application of the iddietil decision model in
practice, as shown in Section 7.5 and Sectionl7.&ddition to applying the selected
decision model with real procurement data, both ${3Pand COPRAS were used to
illustrate how to apply the method in procuremerdleations. Actual procurement
data sets are used in TOPSIS and COPRAS and theraggcalculations were
undertaken and illustrated to show the applicatibthe methods in practice. These
sample applications, with segmented and stagedltseswill allow users to
understand the application of the methods in pement and its results in

procurement context.

8.5 Suggestion for public sector procurement

This research project is focused on public sectocyrement. Based on the
study, it was evident that the current procurenexatiuation method by Maldivian
public sector, WS, has unfavourable issues witlanggo procurement evaluation.
Some of the major problems occurred in WS due goinherent compensation
procedure. Similarly, it could be the case that deénition of weights in WS is
completely arbitrary and inconsistent with the rpedferences of the procurement
authority. Numerous issues of application of WS ewatentified in the literature
(Luitzen de Boer et al., 2006; Keeney, 2002; Matetua., 2010).

This research has analysed and evaluated publiSi&0A methods with
regard to procurement evaluation. Based on theysisalother appropriate methods
for evaluating public sector procurement in the diahn context have been
identified. The research suggests that the besticapfe method in terms of

performances is TOPSIS. Therefore, the suggestioMaldivian public education
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sector procurement is to become cognisant withptiesibilities TOPSIS brings and
adopt it as the procurement evaluation method.

For the public sectors in Maldives and other caastcurrently using WS
method are still vulnerable to the inherent weakessof WS discussed in the
research which could potentially bring unfavourabiesults in procurement.
Therefore identifying a potential decision modeliethadheres to the legal and
operational requirements proving best performargeimportant. As such, the
research implementation framework used in thisaieseis a useful model to adapt
to identify the decision model for the specific text. Because it has a series of tests
conducted to evaluate legal, operational and pmdoce measures of potential
decision models for a specific context. In additidvased on this research,
implementation of this approach in public educatsactor in Maldives has given

positive results.

8.6 Limitations of study and mitigation strategy

There are known limitations to the research. Howeseery effort was made

to minimise these limitations.

This research is a three years sponsored PhD prdjbe timeframe was
strictly set by the sponsor. In addition, this e first experience of the researchers
working on such a project involving managing fiédgbs, conducting focus groups
and working on rigorous analytical processes. \Wétier experience, the research is
likely to have been conducted better as the legraurve will be high and less time

would be required to do the analysis.

The researcher was able to obtain access to tearokssite, focus groups
and some of the documents. However, he was refaseess to large numbers of
similar documents. Real life procurement data wae of the key documents
required for the research project. However, theegowment institutions provided

only a limited number of real life procurement dsgs.
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As discussed in Section 7.8.2 and in Section 7i#8&e are some inherent
drawbacks to performance analysis. Firstly, theoniigj of real life procurement data
sample sizes were small, so the variance and ityatakts are confined only to a
limited number of alternatives in each sample. Ewesv, it is unrealistic to expect a
high number of alternatives to be available in g\y@ocurement because the current
sample data sets are from real life procuremerat filam the Maldivian institutions,
which have small number of alternatives. Therefdine, number of alternatives is
expected to be small for public sector procuremantie research context. As such,
accommodation of the small number of alternativeshis analysis is considered

acceptable.

The second limitation with stability analysis isthesting every permutation
of two data parameters with every possible valugragtically not possible for this
project. Therefore, the focus was on applying #est possible values which could
show differentiated performances. However, alltdsts conducted showed that the
stability of TOPSIS is higher than COPRAS. The @ffef these limitations is also
mitigated, as the research used several methodsabfiation on the same artefact,

thus offsetting them against each another.

8.7 Future work

It would be possible to research the applicabitifythe decision model in
procurement in public sectors areas other thanatunc In addition, future research
could focus on the applicability of the decision dabin public sector, where
decision analysis is required. This would help fhéblic sector to make more

appropriate decisions.
The research approach used series of evaluatiomraadglsis based on legal,

practical and performance aspects of the methodsrder to identify the decision
model. It would also be interesting to researchv llms approach could be used in

285



other areas of decision analysis, such as recrottecisions in human resource

management.

It would also be interesting to research similasitiand differences in the
results of the approach used in this research geoin a similar context in other
countries. This would help researchers to undedsthe applicability of MCDA

methods in similar contexts in different societies.

The research provided the decision model to usepublic sector e-
procurement in the Maldivian education sector. €fme, an expected direct
extension of the research is the implementatioin@fdecision model in the research
context. The implementation would require developtred a DSS, requiring further
research projects, such as research in the cooteldd¢sign and development of the
DSS, adoption of DSS, change management, biddea&dn, and so on.

Decision analysis is part of the everyday life of eadividual and of
organisations. Therefore, wherever multiple critesi interest exist, based on the
magnitude of the case, MCDA research can be impléezde

8.8 Conclusion

This chapter has discussed the research projecinvdmle. It has highlighted
the research question and how it was addressedaas\dered. The chapter also
discussed the contribution of the research andigedvsuggestions to the public
sector, based on the research findings. Limitatafrithe research and future related
work have also been discussed in the chapter.

The research project developed a decision model doblic sector
procurement evaluation for the Maldivian educatisector using DSR which
involved several research activities. Literaturgie@s, focus group discussions,
criteria-based evaluation, congruence/incongrueaoalysis, variance analysis,

stability analysis and MCDA are the major reseactivities employed in the study.
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However, there were some inherent limitations teséhresearch activities which

have been mitigated and accommodated as far asssbe.

The research suggested that TOPSIS is the moabkuidecision model for
public sector procurement evaluation for the regdeaontext.
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Appendix |

The
University
Of
Sheffield.

RESEARCH INFORMATION SHEET

Dear Participant,

You are being invited to take part in the research project, Designing a decision model for
an e-procurement Decision Support System for public sector using Multi-Criteria Decision
Analysis.

Before you decide it is important for you to understand why the research is being done
and what it will involve. Please take time to read the following information carefully and
discuss it with others if you wish. Ask us if there is anything that is not clear or if you
would like more information. Take time to decide whether or not you wish to take part.
Thank you for reading this.

1 — What is the research project’s purpose?
The objective of this research is to design a decision model for e-procurement decision
support system (DSS) for public sector in Maldives especially focusing on education sector.

An understanding of criteria for public procurement decision making, applicable decision
algorithms for public sector and a DSS design for e-procurement are the major
contributions of the research.

2 - Why have | been chosen?

You are being invited to participate in this research as a member of the bid evaluation
committee (BEC) who is directly engaged in the bid evaluation. Your knowledge as a
practitioner in bid evaluation is essential to identify the bid evaluation practice in education
sector in Maldives.

3 - Do | have to take part?

It is entirely up to you to decide whether or not to take part in this research. If you do
decide to take part you will be given this information sheet to keep (and be asked to sign a
consent form) and you can still withdraw at any time without fear or prejudice and without
it affecting any benefits that you are entitled to in any way. You do not have to give a
reason.

4 — What will happen to me if | take part?

Your participation in this study entails engaging in a semi-structured, open-ended
discussion with the purpose of understanding the practice of procurement in your
institution. The discussion may last between 30 to 60 minutes, during which you will be
asked to speak openly about your experience of procurement processes and bid evaluation.
Your interview will be digitally recorded. After the interview, the recording will be
transcribed into Word documents and fully anonymised, as any reference to participants’
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identity will be eliminated. Additionally, all information disclosed in the interview process
will remain strictly confidential.

5 — What do | have to do?
To avoid disruption or restrictions to your lifestyle, discussions will be scheduled to your
best convenience, in a free and comfortable environment.

6 — What are the possible disadvantages and risks of taking part?

Your participation in this study does not imply any identifiable risks or disadvantages. As
the identity and affiliation of participants will not be recorded, there is minimal risk that the
study will constitute an invasion of your privacy. Questions were designed as not cause
harm, anguish or discomfort. If you feel uncomfortable answering any of the questions, feel
free to express your concerns. You are, of course, free to decline to answer such questions.
You are moreover encouraged to refrain from disclosing any information that you may
consider defamatory, incriminating, or otherwise sensitive.

7 — What are the possible benefits of taking part?

Your participation in this research will contribute to enlarge the scope of knowledge
available about the procurement in Maldives. An understanding of the contexts in which
procurement takes place, from the practitioner’s perception, will facilitate to design a
better system for public sector.

From a broader perspective, the results of this analysis can help identify better decision
making models and a systematic approach for procurement through information systems.

8 — What happens if the research study stops earlier than expected?

It is not anticipated that the research project may go over the planned time frame or stops
earlier than expected. In this is the case, participants will be informed of reasons and
consequences.

9 — What if something goes wrong?

If you wish to express any concern or make a complaint regarding the conduct of the
research project, please contact the researcher’s supervisor as in contact details. If needed,
verification of serious adverse events can be obtained by reporting research misconduct to
the University of Sheffield’s Registrar and Secretary Office. Contact details are listed at the
end of the document.

10 - Will my taking part in this project be kept confidential?

All the information that is collected about you, as well as any information that you give
during the course of the research will be kept strictly confidential, as ensured to all
participants in the consent form. You will not be able to be identified in any reports or
publications. During analysis, you will be assigned a number allowing complete anonymity.
Your discussion but not your name will be recorded and transcribed, with all records being
kept for a period of 5 years with the researcher or the project supervisor in a secure place.
After this period all transcripts will be destroyed.

11 - What type of information will be sought from me and why is the collection of this
information relevant for achieving the research project’s objectives?

Because the objective of this research is to develop a design and a prototype for e-
procurement decision support system the contribution of your professional knowledge,
genuine experiences, on procurement and bid evaluation is essential to choose and model
such a system.
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12 - Will I be recorded, and how will the recorded media be used?

The recordings of your activities made during this research will be subject to participants’
informed consent and used only for transcription and analysis purposes. No other use will
be made of them without the participant’s written permission, and no one excluding the
researcher and his supervisor will be allowed access to the original recordings. Recordings
and all digital documentation will be stored in a password protected account accessible by
a user account for the researcher. Back-ups will be onto removable storage located within a
lockable cabinet or else onto password protected networks at the University. All electronic
files will be stored in a password protected account for a period of 5 years.

13 - What will happen to the results of the research project?

The results of this research will be published in a doctoral thesis. Information gained during
the research project may additionally be published, in the form of interview transcripts, in
academic journals, books and conference papers; and used for subsequent research. In all
of the aforementioned circumstances, the participant’s name, affiliation and position title
will never be used in relation to any of the information provided.

Participants will be notified upon publication of results in the doctoral thesis, and copies
will be forwarded upon request.

14 - Who is organising and funding the research?
This research was awarded by Islamic Development Bank, with the reference 36/2870.

15 - Who has ethically reviewed the project?

This research operates under the rigorous research ethics protocols of the University of
Sheffield. It has been ethically reviewed and approved by the Ethics Review Panel of the
Information Studies Department.

Contact for further information:

If you have a question about any aspect of this project, please speak to the researcher
concerned or his supervisor, who will do their best to answer your query. Contact details
are listed at the end of the document.

Thank you for your help with this research.
Kind regards,

Mohamed Adil

Contact details:

Mr Mohamed Adil,Researcher
University of Sheffield
Information School

Regent Court, Room 224
211 Portobello Street

S1 4DP Sheffield, UK
m.adil@sheffield.ac.uk

+44 7541328602
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Dr. Miguel Baptista Nunes;irst Supervisor
University of Sheffield

Information School

Regent Court, Room 211

211 Portobello Street

S1 4DP Sheffield, UK
j.m.nunes@sheffield.ac.uk

+44 1142222645

Dr Philip Harvey
University of Sheffield Registrar and Secretary

Firth Court
Western Bank
S10 2TN Sheffield, UK

Dr. Guo Chao (Alex) Pen&econd
Supervisor

Information Schoo |

University of Sheffield

Regent Court, Room 213

211 Portobello Street

S1 4DP Sheffield, UK
g.c.peng@sheffield.ac.uk

+44 114 222 2658
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Appendix Il

Participant Consent Form

Title of Research Project: Designing a decision model for an e-procurement Decision Support System for

public sector using Multi-Criteria Decision Analysis
Name of Researcher: Mohamed Adil

Participant Identification Number for this project: Please initial box

1. I confirm that | have read and understand the information letter
dated [insert date] explaining the above research project and | have had

the opportunity to ask questions about the project.

2. lunderstand that my participation is voluntary and that | am free to withdraw
at any time without giving any reason and without there being any negative

consequences. In addition, should | not wish to answer any particular
guestion or questions, | am free to decline.

Lead Researcher contact details:

Dr Miguel Baptista Nunes
Information School
University of Sheffield
Regent Court, Room 211
211 Portobello Street
S14DP Sheffield, UK
j-m.nunes@sheffield.ac.uk
+44 1142222645

3. lunderstand that my responses will be kept strictly confidential.
| give permission for members of the research team to have access to my

anonymised responses, and to publish anonymised excerpts of my interview.
I understand that my name will not be linked with the research materials, and | will not
be identified or identifiable in the report or reports that result from the research.

4. | agree for the data collected from me to be used in future research

5. | agree to take part in the above research project.

Name of Participant Date Signature
(or legal representative)

Name of person taking consent Date Signature
(if different from lead researcher)
To be signed and dated in presence of the participant

Lead Researcher Date Signature
To be signed and dated in presence of the participant

Copies:

Once this has been signed by all parties the participant should receive a copy of the signed and dated
participant consent form, the letter/pre-written script/information sheet and any other written information
provided to the participants. A copy of the signed and dated consent form should be placed in the

project’s main record (e.g. a site file), which must be kept in a secure location.
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Appendix Il

Code definition list

(7]
(]
©
5]
(7, (&)
(]
£ 3
[J) L
£l &
e
[J]
<
— | Descriptive Codes Definition
Maximum tender The maximum cost of tender that could be allowed
to handle by BECs of the Education Sector.
>
= Minimum tender The minimum cost of tender that could be allowed
S to handle by BECs of the Education Sector.
(@]
— Cost bands The division of procurement costs and the mode of
go procurement applied to it.
-
Bid announcement | The criterion that is required to publicly announce
criteria for bids.
Price Cost of the procurement used as a bid evaluation
criteria.
Duration of delivery | Duration of delivery used as a bid evaluation criteria.
Experience Experience of the bidder used as a bid evaluation
2 criteria.
(8}
g_ Financial capacity Financial capacity of the bidder used as a bid
c evaluation criteria.
o
s Quality Quality of the product used as a bid evaluation
® © criteria.
GJ —_
a .*g Technical capacity Technical capacity of the bidder used as a bid
2 evaluation criteria.
o
= After sales services | Availability of the after sales services used as a bid
= evaluation criteria.
>
w Warrantee Warrantee of the product used as a bid evaluation
criteria.
Human capacity Human capacity of the bidder used as a bid
evaluation criteria.
Other criteria Involvement of other criteria for bid evaluation.
Criteria The way how the criteria is established.
establishment
Allocation of criteria | The basis for allocation of criteria and its weights to
and weights specific procurement.
ﬁ Announcement of Informing the public through public announcement
§ - @ | pre-bid meeting for pre-bid meeting and bidding when public
; ':?J b procurement is necessary.
X 2 o - - - - -
B a g | Compulsory pre-bid | Obligatory requirement to have an information
g meeting session for bidders before bidding.
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Provision of
specification

Requirement to provide specific details of the
required procurement to the bidders before bidding.

Provision of marking
criteria

Requirement to provide evaluation criteria of the
required procurement to the bidders before bidding.

Recoding of pre-bid

Recording of the attendees of the pre-bid

attendants information session.

On the spot Provision of information and answering the bidders'
information queries during the pre-bid information session.
provided

Specialised Provision of specific information on the specific
information product or services under procurement.

Explanation of
calculations

Explanation of the bid evaluation calculations to the
bidders.

Request to submit
all documents

Request to the bidders to submit all relevant

= S required information.
.S % | Information through | Provision of information to the bidders through
5 % email email after pre-bid information session.
©
< = | Information through | Provision of information to the bidders through
phone telephone after pre-bid information session.
< Verification of bid Recording of the bids submitted with its price and
@ submission duration in the presence of bidders and provision of
€ the information to all the bidders.
S
(%]
B
o
required minimum The number of members required to evaluate the
members bids announced by education sector.
Basis for evaluation | The basis for evaluation of bids.
verification of Procedures used to verify the information provided
suppliers proposal by the suppliers.
Evaluation of Evaluation of the available information on the past
suppliers previous completed jobs by the suppliers.
jobs
g 2 Evaluation of The need to use documents provided by the
S Z support documents | suppliers for evaluation.
— [
§ i Importance of Consideration of acceptable price in bid evaluation.
2 2 acceptable price
© ©
= = Evaluation of Procedures used to evaluate the information
o o suppliers' provided by the suppliers.
performance

Marks allocation

Explanation of the calculations and how the marks
are allocated to different levels of supplier
performances.

Use of technical
expertise

Use of expert help in the bid evaluation process.

Check for standard
specification

Requirement to align the evaluation with the
procurement specification provided.
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Evaluate every
criterion
independently

Evaluation of criteria in isolation without influence
from other factors.

Evaluate all criteria

Need to evaluate every criterion announced.

No ranking Inappropriateness to use ranking of criteria based on
the performance values of it and avoidance of out
ranking.

No pair-wise Inappropriateness to use pair-wise comparison of

comparison criteria of different suppliers.

No changes to
criteria and
requirements

Lack of possibility to change the criteria and
specification during the evaluation and after bid
submission stage.

Disqualifying bids

Provision of disqualifying bids.

Showing
calculations to
bidders

Informing the bidders how the evaluation
calculations are done with the results.

Requires approval

The necessary requirement to get approval.

_E’ Confirmation and The responsibility on bid evaluation committee on
'r'% reason for selection | confirmation of bids.
f: Informing bidders The procedures used to inform the bidders after
winner is established.
E clarification to Clarification of the doubts of evaluation to the
© bidders requested bidders after evaluation process.
o
g Complaints to Possibility of complaints by bidders to the
o authorities investigating authorities.
g Misconceptions of Possible misconceptions of bidders how the marking
= bidders is done.

Use of other
MCDA methods

Lack of knowledge
of other MCDA
methods

Indication of lack of knowledge of BECs on other
MCDA methods to evaluate procurement.

Expected method

No discrimination

Expectation that any evaluation method applied
should not discriminate bidders.

Accurate method

Expectation that any evaluation method applied
should be accurate.

Reasonable Expectation that any evaluation method applied
should be reasonable.

comply with Expectation that any evaluation method applied

regulations should comply with regulations.

No chance of
manipulation

Expectation that any evaluation method applied
should minimise any chance of manipulation from
both sides; bidders and education sector.

Minimise
complaints

Expectation that any evaluation method applied
should minimise complaints.
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support utility
concept

Expectation that any evaluation method applied
could be a utility theory method.

Clear and good
understanding

Expectation that any evaluation method applied
should be clear and easily understandable
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Appendix IV

Quotation list

Category

Theme

Code

Quotation

Preparation
process

Legal
boundary

Maximum
tender

"we handle procurement value less than
MVR1.5 million" ML2

Minimum
tender

"If [the cost of] procurement is greater than
MVR25000 we have to gazette it" ML2

Cost bands

"Items less than MVR1000 would be
purchased after checking prices from three
vendors. Items between MVR1000 to 25000
will be purchased after getting quotations
from three vendors. If [the cost of]
procurement is greater than MVR25000 we
have to gazette it" ML2

"If [cost] is less than MVR25000 we award to
the lowest cost supplier. Otherwise there are
cases we don't award to the lowest price but
to the most competitive bidder" ML2

Bid
announceme
nt criteria

"If [the cost of procurement is] greater than
MVR25000 we have to gazette it, publically
announce it. Nowadays, we usually gazette it"
ML2

Evaluation
criteria

Price

"Generally price is a criteria" ML2

"There are mainly 4 criteria. They are: price,
duration of supply, their financial capacity and
experience" ML2

"Price, duration, technical capacity, financial
capacity is checked" DL1

“Usually price is a criteria, next is the duration
of delivery. For some cases, based on the
procurement, for instance, provision of after-
sales services, a warrantee is required.
Different procurements have different ones
(criteria). "IL3

"mainly, price, duration and experience are
evaluated" IL4

Duration of
delivery

"Points are awarded for duration [of delivery],
experience [of the suppler] and financial
capacity [of the supplier] as well" ML2

Experience

"Points are awarded for duration [of delivery],
experience [of the suppler] and financial
capacity [of the supplier] as well" ML2

"we look for bidders experience as well" DL1
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"We look into the bidders' previous level of
performances for us, if they have ever done
any job for us. If it is bad, it will be considered
[in evaluation]" DL3

"Then we look for experience, right? In
everyday life, we also know some of them. But
experience of the bidder is based on
submitted documented evidences" IL3

Financial
capacity

"Points are awarded for duration [of delivery],
experience [of the suppler] and financial
capacity [of the supplier] as well" ML2

"There are mainly 4 criteria. They are: price,
duration to supply, their financial capacity and
experience" ML2

"Price, duration, technical capacity, financial
capacity is checked" DL1

Quality

As such [we] give higher importance to
bidders' experience. Need to think about
quality of work. Based on experience, it is
evaluated"DL1

"We assess similar work done by the bidders
in other places to check for their quality of
work"DL2

Technical
capacity

"Price, duration, technical capacity, financial
capacity is checked" DL1

"[Criteria include] number of qualified people
for the job and number of available
machineries for the job as well" DL2

After sales
services

"Usually price is a criteria, next is the duration
of delivery. For some cases, based on the
procurement, for instance provision of after
sales services, warrantee. Different ones are
different"IL3

"As said earlier, there may be, for instance,
after sales services as a criterion for things like
machinery"IL3

Warrantee

"Usually price is a criteria, next is the duration
of delivery. For some cases, based on the
procurement, for instance provision of after
sales services, warrantee. Different ones are
different"IL3

Human
capacity

"[Criteria include] number of qualified people
for the job and number of available
machineries for the job as well" DL2

Other criteria

"Depending on the procurement there may be
other allocated points (weights)" ML2

"Some jobs have additional criteria other than
the major 4 [criteria], but in most of the cases,
these 4 criteria are used" ML2
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"Usually price is a criteria, next is the duration
of delivery. For some cases, based on the
procurement, for instance provision of after
sales services, warrantee. Different ones are
different"IL3

Criteria
establishmen
t

"Points are allocated for price, duration and
experience too"ML2 "The Public Finance Act
says to use these criteria. Need to ensure
before ordering" ML2

"Criteria are established based on the work
and situation analysis" DL2

“Duration is highly considered when the work
needs to be done in a short period of time. In
some projects we may not assess the
component. But it (duration) is considered for
all the work which needs to be done during
the school annual holidays. Some jobs are
given ample time to be done to higher quality
standards.” " DL3

Allocation of
criteria and
weights

"If we need the item to be delivered urgently,
allocated points for delivery can be almost
equal to that of cost. Otherwise if we have
enough time, we do not allocate higher weight
to the item" ML2

"Compared to price, quality, duration, if there
is less time [to get the job done], priority is
given to duration. Otherwise it may cause
disruption to the education of many students"
DL2

"There may not be a standard to allocate
weights. The norm is as DL2 mentioned, since
we are a school we have a limited time to get
the work done. So we pay attention to
duration "DL1

“Before it comes to evaluation, during
information sessions it will be thought out.
For instance, we may have had a bad
experience with duration. The winning bidder
for a job may have had a short duration for
the job and could not deliver within the time.
Next time, we will know that we need to
allocate less weight to the duration for such
jobs. Similarly, based on our experiences,
weights increase for other criteria.”IL3

Bidding
process

Pre-bid
meeting

Announceme
nt of pre-bid
meeting

"public announcement made for the bids will
have a specified date and time for an
information session" ML2

"at first it is publically announced" DL2
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"An announcement is made for specific jobs. It
states we want these jobs to be done and bid
submissions are open only for those jobs. First
it will be an invitation to attend information
session"DL1

"First it is announced and when information is
provided, it will state point allocation
standard. Points are allocated accordingly.
[The winner is] the bidder who gets the
maximum points"IL3

"An announcement will state a time for
information session, right? We have only small
jobs which could be managed internally. An
information sheet with the details is provided
to attendees of the information session"IL4

Compulsory | "It is an obligation to have a pre-bid meeting if
pre-bid the value is more than MVR25000" ML2
meeting
"Yes, if we announce for bids, we have to have
the information session" DL1 & DL2
"A pre-bid meeting is compulsory. That is the
time information is provided. Otherwise it is
missed."IL3
Provision of "an information sheet is provided during the

specification

[pre-bid] meeting" ML2

"When information is provided, the
information sheet will have criteria and
specific details of the work to be done" DL1

"The information is provided in writing" DL1 &
DL2. "Both verbal and written" DL3.
"Explained verbally and given in writing" DL1

if we announce for bids, we provide an
information sheet" DL1 & DL2

"An information sheet with the details is
provided to attendees of the information
session"IL4

Provision of
marking
criteria

"The information sheet should state how
(many) points (weights) are allocated (for each
criteria) for making" ML2

"The information Sheet will have marking
criteria. It states the allocated points for price,
allocated points for delivery, and how many
points for their [suppliers'] experience. In
some cases there are other allocated points.
Point allocation standards should be stated in
the information sheet" ML2.

"That [marking criteria] is provided with the
information sheet during the information
session on the same day " ML2
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"A set of criteria is given while providing
information [on specification] saying that
those criteria are the ones to be used for
marking. It is given to them [attendees of pre-
bid meeting]. Evaluation is based on it [given
set of criteria]" DL1

"yes, we must provide [marking criteria] in
the information sheet when we provide
information" DL1 & DL2

"First it is announced and when information is
provided, it will state the point allocation
standard. Points are allocated accordingly.
[The winner is] the bidder who gets the
maximum points" IL3

"Previously the [bid] announcement was with
marking criteria but now it is not provided
with the announcement but with the
provision of information." IL3

Recoding of
pre-bid
attendants

"Therefore, we have list of attendees to the
pre-bid information session" DL2. "it has
name, signature and time" DL1 & DL3

"Without attending the information session,
when someone takes the information sheet to
a bidder, based on that, those who did not
attend information session submit bids. After
winning the bid, they may say that we were
not clear about it" DL2.

On the spot
information
provided

“Questions raised in the information session
will be answered at the time. If answers are
not available, they are provided later, either
by email or by phone." ML2

"They will get the opportunity to get answers
for misunderstood information. They will also
be given the opportunity to ask for additional
information or questions. That is how it goes"
DL3

Specialised
information

"The procurement unit handles jobs for many
different sections. Therefore, in the pre-bid
session a person from the requested
department will attend to provide
information" ML2

"Some of them (procurement staff), by
experience, have good knowledge to provide
information to bidders. However, for IT, we
bring a person from the IT section because IT
is critical" ML2

Explanation
of
calculations

"Sometimes (calculation) are also explained.
Generally bidders know how it is calculated"
ML2

[calculations are] explained rarely." ML2
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"We don't really explain how the calculations
are done. Marking criteria is there, but how
the calculations carried out are not"DL1. "We
assume that they know how the calculations
are done" DL1 & DL2. "since it is routine and it
is seen in papers" DL1

"How the calculations are done is not
explained as such [in the pre-bid meeting].
Attendees of the information session don't
make any complaints about it[not explaining
how calculations are done]. All of them will
see the prices and other information
submitted. When they see, they don't ask
guestions about it. So we also don't explain
[calculations]. But if anyone complains we will
provide that information. They would know
how calculations are done. Everybody does
these calculation in the same way" IL3

"After evaluation, if bidders want to see the
calculations, we provide it"IL3. "but hardly,
anybody wants it" IL4

Additional Request to "During information session bidders are
information | submit all requested to submit every document to
documents support the bid" DL1
"In addition to pre-bid meeting, information is
provided through different means. But we
have standard regulations to follow" IL4
Information “Questions raised in the information session
through will be answered at the time. If answers are
email not available, they are provided later, either
by email or by phone." ML2
Information “Questions raised in the information session
through will be answered at the time. If answers are
phone not available, they are provided later, either
by email or by phone." ML2
Bid Verification "Therefore, we have list of attendees to the
submission | of bid pre-bid information session. We accept bids
submission from them" DL2
"On the day (when bids are submitted)
qualified bids with their figures [cost and
duration] are given to all the bidders. So they
know who will probably win" ML4
"in the presence of all the bidders, bids are
received and the submission sheet is signed by
all the bidders and a photocopy of the sheet is
provided to every bidder" ML2
Evaluation | Evaluation | Required "three people need to evaluate"ML2
process analysis minimum
members
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Basis for
evaluation

"A set of criteria is given while providing
information [on specification] saying that
those criteria are the ones to be used for
marking. It is given to them [attendees of pre-
bid meeting]. Evaluation is based on it [given
set of criteria]" DL1

"[evaluation is] based on provided information
during the information session. Based on the
provided information, sometimes, even a
higher cost bid can win" IL3

Verification
of suppliers'
proposal

"when lowest cost bidders are to be awarded,
the board [BEC] will check whether they can
do the job" ML2

"sometimes calls are made to bidders to verify
whether they can do [the job], while the
board [BEC] is in sitting" ML3

"The price of shifting a container [full of
goods] may be stated as MRV9000, but based
on the committee analysis we don't find it
possible. If the price is too low we ask before
[awarding]." ML2

“Some bidders put a shorter duration,
unrealistic [duration], to win the bid. [Bidders
are] trying to win [the bid] by allocating
shorter duration to finish the work. We
analyse whether it is possible to finish the
work for the said period of time. All
committee members analyse and then decide
onit." DL2

“Sometimes, when we announce for bids to
paint the outer walls of this big school, we get
bids priced for MVR5000. Painting all around
the fence of the school [repeated with
sarcastic expression to show that it is
impossible to do the job for the said cost]. So
we check for the market price of the paint and
other items required. When we work it out
MVR5000 is not enough for a single wall. So
the committee analyses these issues to verify
whether the work could be done [by the
bidder]. We assess similar work done by the
bidders in other places to check for their
quality of work.” DL2

"Then we look for experience, right? In
everyday life, we also know some of them. But
experience of the bidder is based on
submitted documented evidences" IL3

Evaluation of
suppliers'
previous jobs

"We assess similar work done by the bidders
in other places to check for their quality of
work" DL2

"we take note of suppliers who misled us too"
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DL3

"We look into the bidders' previous level of
performances for us, if they have ever done
any job for us. If it is bad, it will be
considered" DL3

"Previous jobs are considered in evaluation"
DL2. "Based on previous work, there may be
reduced points [for the bidder]. Such concerns
are considered by us" DL3

Evaluation of
support
documents

"in first attempt we check company profiles,
audit reports and their tools and so on" DL2

“Bids will be checked for the presence of all
required documents. If the documents are not
complete [in a bid], the bid will be disqualified
"DL1 & DL2

"In this everyday life, we also know some of
them. But experience of the bidder is based
on submitted documented evidences" IL3

Importance
of acceptable
price

"we verify the price of the job, and check
whether the job could be done with the stated
cost [by the bidder] or not" ML2

"[...] there are cases we don't award to the
lowest price but to the most competitive
bidder. It is done when we see the price of the
lowest cost bid is too low to complete the job"
ML2

"The lowest cost bidder is not taken [for
granted]. Most important is to look for
acceptable price. For instance, a cheaper bid
may have an item that may not well fit the
purpose. In such cases we cannot consider it"
DL1

"Some bidders put a shorter duration,
unrealistic [duration], to win the bid. [Bidders
are] trying to win [the bid] by allocating
shorter duration to finish the work. We
analyse whether it is possible to finish the
work for the said period of time. All
committee members analyse and then decide
on it. It is the same for price too" DL2

"Yes, not to the cheapest bid. But price takes
bigger chunk [of points]. When points are
allocated, price is given a higher priority"IL3
&lIL4

Evaluation of
suppliers'
performance

"For instance, we wanted plastic chairs. We
may have a bidder who has no experience in
working with [supplying] plastic chairs. So they
will get zero [marks on experience]. Even if
their cost is the lowest, another bidder may
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win by gaining points [from other than cost]"
ML2

"The lowest [cost] bid may not be the bid
gaining maximum points. Based on delivery,
experience and financial capacity, the higher
cost bid may gain more points. But lower cost
bidder will get higher marks for the cost
criteria" ML3

As such [we] give higher importance to
bidders' experience. Need to think about
quality of work. Based on experience, it is
evaluated"DL1

“Sometimes, when we announce for bids to
paint the outer walls of this big school, we get
bids priced for MVR5000. Painting all around
the fence of the school [repeated with
sarcastic expression to show that it is
impossible to do the job for the said cost]. So
we check for the market price of the paint and
other items required. When we work it out
MVR5000 is not enough for a single wall. So
the committee analyses these issues to verify
whether the work could be done [by the
bidder]. We assess similar work done by the
bidders in other places to check for their
quality of work.” DL2

"... But price is not only the criteria, there are
several other criteria. All those criteria are
considered and the bid which gets the
maximum marks is offered [the job]" DL1

“Most consideration is given to price. Cheap,
look for the cheapest. But for repair jobs,
several things are considered: the machinery
used, the number of workers, and some
information is collected by contacting other
parties, like the bidder’s previous
performance, and whether the bidder has
misled others, etc. Such hidden agendas are
there too. Bidders don't expect that we would
gather that information. But we do. We check
for bidders who cheat. We had a loss in the
year before previous year (2 years back) when
the bidders left without fixing the doors. Still
the doors are not fixed. Chairs are not
supplied. So these [issues] are considered
priorities for the second attempt [bid
evaluation]" DL3

"mainly, price, duration and experience are
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evaluated" I1L4

Marks
allocation

"For instance, this bidder (pointing to an

evaluated sheet) states 5 days to deliver, the
other 7 days. The shortest period will get the
best marks. [explained the calculations]"ML2

"For instance, if the total marks for price is 35,
the lowest cost bid will get 35 marks for the
price. Others will get lesser marks based on
the proportion. No bid gets zero, because it is
proportional to submitted price. For instance,
the highest cost bid may get 7" DL2

"It is the same case for duration too. For
instance, we have bids with duration of
delivery within 20 days, 15 days and 10 days.
So the shortest period will get the highest
marks. Bids are awarded based on the total
calculated by addition of all such marks" DL2

"First it is announced and when information is
provided, it will state the point allocation
standard. Points are allocated accordingly.
[The winner is] the bidder who gets the
maximum points"IL3

"Submitted price and other criteria are
evaluated to allocated points. If MVR1000 and
MVR500 are there, then the one with MVR500
will be in the first position. Based on the
calculations, there will be marks for it [highest
cost]. However, highest marks will be for the
one with MVR500"IL3

Use of
technical
expertise

"For instance, when buying computers, there
will be an IT person in the bid committee.
[Bids are] evaluated based on the IT person's
advice" ML2

Check for
standard
specification

"Some products have specific standards. If it is
up to standard, marks are allocated" ML2

"At first we check if it fits to our provided

criteria (specification). For instance, there may
be an item requested with standard 992 [...] If
the item fits the standard, it is fine for us" ML2

"If we bring something, check for quality, we
check for alignment with our spec" ML1

“For instance, a supplier whose delivery is
fastest may not meet our spec. But the
highest cost bid may exactly meet our spec. In
such cases, we go for the one which meets the
spec” ML1

"To illustrate, if we get a short-sleeved shirt
when we announced [the requirementfor a
long-sleeved shirt, will not be fine. We have
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specific requirements" ML2

“An announcement should be followed, right?
For instance announcement is for 100 chairs.
So we have to follow that requirement given.
Otherwise, it is a change. It never happens"
DL1.

"evaluated as the prescribed requirements
given in the information session"IL4

"In that case, if we announce and buy 100
chairs, then we can buy only 100 chairs, even
if we get cheaper by buying 150. If we want,
we need to announce again for 150 chairs. We
cannot change [pre-announced quantity]." IL3

Evaluate
every
criterion
independentl

y

"Every criterion is evaluated on its own. No
influence to one criterion from other criteria
[are allowed] to allocate marks" ML1

"each and every criterion is evaluated
independently in isolation [from other
criteria]" ML2

"Evaluation is based on the submitted
information for the specific bid [no case based
reasoning]"DL2

"Each criterion gets its own points. Nothing
else, no other criteria is influenced by it" IL3

"[for instance, someone would think if the
cost is higher, the quality will be high], but
marks for quality will not be influenced by
price" IL2

"No marks differentiation can be done based
on previous bids [no case based reasoning].
Information is provided with that
understanding. We have to evaluate all the
criteria and cannot put aside some of it. But if
there are inappropriate issues and if there are
warnings issued to the bidder, it may be
considered, otherwise the announcement is
followed"IL3

Evaluate all
criteria

"all the criteria are evaluated" ML2

"The committee checks all the areas. [We]
cannot do ranking [in evaluation of
criteria]"ML2

"We have to evaluate every criterion for every
bid. Even if the supplier submits unreasonable
value, the bid should be evaluated" ML2
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"each and every criterion is evaluated
independently in isolation [from other
criteria]" ML2

"[Outranking] cannot be used. Everything
needs to be evaluated" DL2

"Every criterion of everything (bids) needs to
be evaluated" DL1 & DL2

"If a bid is not submitted with requested
information, then it will be disqualified.
Otherwise everything will be evaluated" IL3

No ranking "The committee checks all the areas. [We]
cannot do ranking [in evaluation of
criteria]"ML2
"Based on suppliers' submitted values for a
criterion, we cannot position it by giving frist,
second and third"ML2. "Yes [agreed by DL1]"
DL1
"[Outranking] cannot be used. Everything
needs to be evaluated" DL2
"No outranking. Evaluation is done
proportionate to all the criteria" DL1
"we cannot even do ranking [within a
criteria]"IL4
"Ranking may have used earlier when only
cost criterion is used but not anymore. Even
now, price is a criteria but ranking is not
used"IL3
"No outranking also used. If they meet all the
criteria, we cannot do outranking. We follow
our procedures of marking"IL3

No pair-wise | "No, we cannot do pair-wise comparison" IL3

comparison

No changes "No [bulk buy] advantage (even if there is

to criteria discount when order exceeds the announced

and number of items)" ML1, ML2, ML3

requirement
s

"We cannot change quantity by saying it will
be cheaper. For instance, we want 3000 chairs
for 3 schools. The approval will be for those 3
schools. Based on future needs, if we have
storage, in the long run it is an advantage. But
when a bulk of money goes out, the
government will look to spread the expenses
because, finances are set and checked in
advance for monthly basis" ML2
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"So far that never happens [changes in
requirements]. But, for instance, we check
what would happen if we were to buy 100
items of the same. When bidding is done,
even if we need to bear a loss [on quantity
discounts] there is the Public Finance Act and
Public Finance Regulation which should not be
violated. If we take advantage of such
discounts, it violates the regulations" DL3.
"Cannot do that" DL1, DL2 & DL3

"Such increases [in number of items to be
purchased] would be a corruption" DL2. "It is
corruption. That is how it is considered" DL1

"In that case, if we announce and buy 100
chairs, then we can buy only 100 chairs, even
if we get cheaper by buying 150. If we want,
we need to announce again for 150 chairs. We
cannot change [pre-announced quantity]." IL3

Disqualifying
bids

"If bids are not qualified, it can be
disregarded. For instance, when teachers are
recruited there is required information such as
police report" ML2

“[... suppliers] can withdraw their bid after
bidding. However, after agreement, if they
reject, the bid committee may suspend them
for 6 months” ML2

"The jobs will not be awarded to those who
did not attend the information session, even
though they submit the bids on time" DL1.
"They will be disqualified. The bid
announcement will state the same [that they
will be disqualified] DL1

"A bid is not awarded to bidders who did not
attend the pre-bid information session" DL3.

"Without attending the information session,
when someone takes the information sheet to
a bidder, based on that, those who did not
attend information session submit bids. After
winning the bid, they may say that we were
not clear about it ..." DL2. " That is why we
disqualify bids when [the bidder] has not
attended the information session " DL3

"Therefore, we have list of attendees to the
pre-bid information session. We accept bids
from them" DL2

“Bids will be checked for the presence of all

required documents. If the documents are n
complete [in a bid], the bid will be disqualifie
"DL1 & DL2

a9

"if a bid is not submitted with requested

information, then it will be disqualified" IL3
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Showing
calculations
to bidders

"If bidders want [calculations done for
evaluation], [we] have to show them. We
show them this sheet [evaluated sheet].
Hardly any bidder comes [to check the
evaluation sheet]" ML2

“To illustrate, if we get a short-sleeved shirt
when we announced [the requirementfor a
long-sleeved shirt, will not be fine. We have
specific requirements. [... when they do not
win] they may complain. In such cases we do
not show the evaluation sheet but explain
what has happened" ML2

"If they want to know why they did not win,
we show them marks sheet. Then they know
where their problem is"ML2

"If they [bidders] want to see, we show them
the final written decision" DL2. "it is not
provided to all bidders, but to bidders who
want to see" DL1 & DL2

"if someone is not happy, and wants to see
[marks allocation], it can be shown to
them"DL2

"All of them will see the prices and other
information submitted [...]. But if anyone
complains we will provide that information.
They would know how calculations are done.
Everybody does this calculation in the same
way" IL3

Awarding

Requires
approval

“Even after evaluation it cannot be awarded.
[It is] awarded when decided by the board,
the procurement committee" ML2

Confirmation
and reason
for selection

"[...] at the end of evaluation sheet there will
be a written section saying that, based on the
evaluation on all the aspects, the best bidder
is this (name the bidder). Then all the
attendees to the BEC sitting will sign it" ML2

Informing
bidders

"A letter of award is sent to the successful
bidder. Instead of sending individual letter to
unsuccessful bidders, the [awarding] letter is
copied to them" ML2

"when bid committee finish [evaluation and
confirmation], we inform the winning bidder
that the bidder has won" ML2

Bidders
complaints

Clarification
to bidders

"If bidders want [calculations done for
evaluation], [we] have to show them. We
show them this sheet [evaluated sheet].
Hardly any bidder comes [to check the
evaluation sheet]" ML2

"if someone is not happy, and wants to see
[marks allocation], it can be shown to
them"DL2
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Complaints
to
authorities

"[...] They may think they are the lowest
bidder and why they did not win. In that
situation they complain"ML2

"[they] go to anti-corruption [commission]"
ML2 and ML3

"[bidders] complain to anti-corruption
commission and they (anti-corruption
commission] investigate the case. We are also
called for further inquiry" ML2

"We now even have a court case"DL3. "It has
happened recently too. But it is rare" DL1.
"They complain, not only about the bid
evaluation stage, but sometimes after the bid
submission too they complain to the Anti-
Corruption Commission (ACC). The complaint
procedure is accessible. Everything is open
through regulations. Sometimes without
proper analysis they complain. On the other
hand, the authority [ACC], without collecting
proper information, considers it to be a huge
case. Anybody can complain about anything.
Even if they assume there could be a problem,
they go and complain” DL3

"Bidders complain. There should be an
authority to listen and investigate their
complaints too. If the authority says that there
is a problem in the evaluation, we have to
cancel it and announce again"IL3. "Bidders can
go to court too. They should be allowed to get
their rights through all the avenues available"
IL4

Misconceptio
ns of bidders

"Some of the bidders think that they should
win when the lowest price is submitted by
them. This is their misconception" DL1

"Such complaints are put forward for instance
when their price is lower than the price of the
winning bid. But price is not only the criteria,
there are several other criteria. All those
criteria are considered and the bid which gets
the maximum marks is offered [the job].
Possibly, such complains are without proper
consideration of the evaluation" DL1

Use of
other
MCDA
methods

Lack of
knowledge of
other MCDA
methods

"[that method] would provide nearly the same
result" ML3

"Can be done, but may not be so accurate.
This will show figures only" ML2

"we would choose the best [if pair-wise
comparison is used]" DL2
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[When explained and asked about use of
utility theory methods, there was total silence.
Then interviewer commented just to break
the silence by saying that it will be based on
the information sheet, right?] "It will be based
on the information provided"IL4

Expectation
of
evaluation
method

No
discriminatio
n

"for instance, two companies bid 4 days for
duration and 4 days is the minimum duration.
So both of the bidders will get 35 points, the
maximum allocated points" ML3

"every bid needs to be evaluated" DL2

"No outranking. Evaluation is done
proportionate to all the criteria" DL1

Accurate "Can be done, but may not be so accurate.
method This will show figures only" ML2
"[a method which provides] good results is
expected"DL1
Reasonable "it should be reasonable" ML2
Comply with | "When bidding is done, even if we need to
regulations bear loss [on quantity discounts] there is the

Public Finance Act and Public Finance
Regulation, which should not be violated. If
we take advantage of such discounts, it
violates the regulations" DL3.

"Such [quantity discount] advantages are
basically not taken because it contradicts laws
and regulations. It violates public finance
regulations" DL3

No chance of
manipulation

"We cannot change quantity by saying it will
be cheaper. For instance, we want 3000 chairs
for 3 schools. The approval will be for those 3
schools." ML2

"So far that never happens [changes in
requirements]. But, for instance, we check
what would happen if we were to buy 100
items of the same. When bidding is done,
even if we need to bear a loss [on quantity
discounts] there is the Public Finance Act and
Public Finance Regulation which should not be
violated. If we take advantage of such
discounts, it violates the regulations" DL3.
"Cannot do that" DL1, DL2 & DL3

"Such increases [in number of items to be
purchased] would be a corruption" DL2. "It is
corruption. That is how it is considered" DL1

Minimise
complaints

"If they want to know why they did not win,
we show them marks sheet. Then they know
where their problem is"ML2
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"On the day (when bids are submitted)
qualified bids with their figures [cost and
duration] are given to all the bidders. So they
know who will probably win" ML3

Support "Should check both sides [inputs and

utility outputs]" DL2

concept

Clear and "That is a good thing [to explain the method].
good The bidders could be discussed and explained

understandin
g

about how it is done and what should be
done. So that both sides have a good
understanding" DL2
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Appendix V

Electronic resources used for the systematic litetare review of MCDA

methods

Primo Central collection list (Source: UniversitiySheffield Library (2014))

Provider

Resource

ACM Digital Library

ACM Digital Library

Adam Matthew Digital

Victorian Popular Culture: Circuses, Sideshows
and Freaks

Adam Matthew Digital

Victorian Popular Culture: Music Hall, Theatre
and Popular Entertainment

Alexander Street Press

Garland Encyclopedia of World Music

Alexander Street Press

Social Theory

American Council of Learned Societies (ACLS

ACLS Humanities E-Books

American Institute of Physics

AIP Conference Proceedings

American Institute of Physics

AIP Journals

American Institute of Physics

National Institute of Standards & Technology

American Institute of Physics

Society for Industrial and Applied Mathematics
(SIAM) Journals Online

American Mathematical Society

AMS Current Journals

American Psychological Association

PsycARTICLES

Annual Reviews

Annual Reviews

ASTM International

ASTM International - Books & STPs

ASTM International

ASTM Standards

Australian National Data Service (ANDS)

Research Data Australia

Bentham Science Publishers

Bentham Science - Journals

Bioline International

Bioline International

BioMed Central Ltd.

BioMed Central

BioOne

BioOne

BioScientifica Ltd.

BioScientifica Journals

Bloomsbury Qatar Foundation Journals

QScience.com Journals

Bloomsbury Qatar Foundation Journals

QScience.com Proceedings

BMJ Publishing Group

BMJ Journals

British Library

EThOS - Electronic Theses Online Service

Cambridge University Press

Cambridge University Press Journals

Center for Research Libraries

Online Catalog

Central and Eastern European Online Library
(C.E.E.O.L)

Central and Eastern European Online Library|
(C.E.E.O.L.) Journals - Free access

Centre pour la Communication Scientifique
Direct (CCSd)

HAL (Hyper Article en Ligne)

324



Consorci de Biblioteques Universitaries de
Catalunya (CBUC)

RACO (Revistes Catalanes amb Accés Obert)

Consorci de Biblioteques Universitaries de
Catalunya (CBUC)

RECERCAT (Diposit de la Recerca de
Catalunya)

Consorci de Biblioteques Universitaries de
Catalunya (CBUC)

TDX (Tesis Doctorals en Xarxa)

Consortium Erudit

Erudit Journals

Cornell University

Arxiv

Cranfield University

CERES (Cranfield Collection of E-Research)

CrossRef American Accounting Association (AAA)

CrossRef American Chemical Society

CrossRef American Geophysical Union

CrossRef American Institute of Aeronautics and
Astronautics

CrossRef American Mathematical Society

CrossRef American Medical Association

CrossRef American Physical Society (APS)

CrossRef American Statistical Association

CrossRef Annual Reviews

CrossRef ASME International

CrossRef Association for Computing Machinery

CrossRef ASTM International

CrossRef Bentham Science

CrossRef Duke University Press

CrossRef Edinburgh University Press

CrossRef EDP Sciences

CrossRef Elsevier

CrossRef IEEE

CrossRef Informa - Informa Healthcare

CrossRef Informa - Taylor & Francis

CrossRef Institution of Engineering and Technology
(IET)

CrossRef Mary Ann Liebert

CrossRef MIT Press

CrossRef National Association of Geoscience Teachers
(NAGT)

CrossRef Nature Publishing Group

CrossRef Organisation for Economic Co-Operation and
Development

CrossRef S. Karger AG

CrossRef Sage Publications

CrossRef Springer

CrossRef University of California Press

CrossRef Walter de Gruyter

CrossRef Wiley

Curtain University of Technology

espace @ Curtin
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Dandy Booksellers Ltd

National Assembly for Wales (Public
Information Online)

Dandy Booksellers Ltd

Non-Parliamentary Publications (Public
Information Online)

Dandy Booksellers Ltd

Northern Ireland Assembly (Public Information
Online)

Dandy Booksellers Ltd

Scottish Government (Public Information
Online)

Dandy Booksellers Ltd

Scottish Parliament (Public Information Online

Dandy Booksellers Ltd

UK Parliament (Public Information Online)

DataCite

DataCite

Dawson Books Limited

Dawsonera

Defense Technical Information Center

DTIC Technical Reports

Directory of Open Access Journals (DOAJ)

Directory of Open Access Journals (DOAJ)

EconPapers (RePEc)

Working Papers

Edinburgh University Press

Edinburgh University Press Journals

Elsevier

SciVerse ScienceDirect Journals

Elsevier

SciVerse Scopus

Emerald Group Publishing Limited

Emerald e-Journals Backfiles

Emerald Group Publishing Limited

Emerald Journals

Freie Universitat Berlin

Dokumentenserver der FU Berlin

Future Science Group

Expert Reviews

Future Science Group

Future Medicine

Future Science Group

Future Science

Gale

Eighteenth Century Collections Online |

Gale

Eighteenth Century Collections Online I

Ghent University

Ghent University Academic Bibliography

Harvard University, Office for Scholarly
Communication

Digital Access to Scholarship at Harvard
(DASH)

HathiTrust

HathiTrust (outside US)

Hindawi Publishing Corporation

Hindawi Books

Hindawi Publishing Corporation

Hindawi Journals

Hong Kong University of Science and
Technology Library

Hong Kong Institutional Repositories

ICE Publishing

ICE Virtual Library - Journals

IEEE Publishing

IEEE Periodicals

IEEE Publishing

IEEE Proceedings

IEEE Publishing

IEEE Standards

IGI Global InfoSci-Journals
Inderscience Publishers Inderscience Journals
Ingram Digital Myilibrary

Institute for Operations Research and the INFORMS Journals

Management Sciences

Inter-American Development Bank

IADB Repository

International Monetary Fund

IMF Videos

IOP Publishing (Institute of Physics)

IOP Electronic Journals
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lowa State University

Digital Repository @ lowa State University

Japan Society of Applied Physics (JSAP)

Japan Society of Applied Physics Journals

John Wiley & Sons, Inc.

Wiley Online Library

John Wiley & Sons, Inc.

Wiley Open Access

Johns Hopkins University Press

Project MUSE

JSTOR 19th Century British Pamphlets
JSTOR Arts & Sciences |
JSTOR Arts & Sciences |l
JSTOR Arts & Sciences llI
JSTOR Arts & Sciences IV
JSTOR Arts & Sciences V
JSTOR Arts & Sciences VI
JSTOR Arts & Sciences VI
JSTOR Arts & Sciences VI
JSTOR Arts & Sciences IX
JSTOR Arts & Sciences X
JSTOR Arts & Sciences XI
JSTOR Biological Sciences
JSTOR Ecology & Botany
JSTOR Ireland

JSTOR Life Sciences
JSTOR Music

Korea Institute of Science & Technology Korea Science
Information

KoreaMed KoreaMed Synapse

Leeds Metropolitan University

Leeds Met Open Search

Leiden University

Leiden University Repository

Library of Congress

Library of Congress Collections of Historical
Content

Library of Congress

Library of Congress Digitized Serials

Library of Congress

Library of Congress Maps, Atlases

Library of Congress

Library of Congress Motion Pictures

Library of Congress

Library of Congress Photos

Library of Congress

Library of Congress Posters

Library of Congress

Library of Congress Printed Ephemera
Selections

Library of Congress

Library of Congress Selected Digitized Books

Library of Congress

Library of Congress Sheet Music

Library of Congress

Library of Congress Still Visual Materials

London School of Hygiene and Tropical

Medicine

LSHTM Research Online

Luna Imaging, Inc.

David Rumsey Historical Maps

Luna Imaging, Inc.

Farber Gravestone Collection

Luna Imaging, Inc.

Japanses Historical Maps

Luna Imaging, Inc.

National Palace English
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Luna Imaging, Inc.

The AMICA Library

M.E. Sharpe

M.E. Sharpe Journals

Mannheim University Library

MADOC Publikationsserver

Massachusetts Medical Society

New England Journal of Medicine (NEJM)

McMaster University Library

DigitalCommons@McMaster

Medknow Publications and Media Pvt. Ltd.

Medknow Journals

Mintel Group Ltd.

Mintel Reports

Modern Language Association (MLA)

MLA International Bibliography (Bibliographic
records - CSA)

Modern Language Association (MLA)

MLA International Bibliography (Website
records - CSA)

NASA Center for AeroSpace Information
(CASI)

NASA Technical Reports Server (NTRS)

National and University Library of Iceland

Timarit

National Bureau of Economic Review (NBER

National Bureau of Economic Review

National Library of Sweden

SwePub

National Library of the Czech Republic

Manuscriptorium

National University of Ireland Galway ARAN
Nature Publishing Group Nature Precedings
Nature Publishing Group nature.com

Newfound Press

Newfound Press Books

Norwegian Open Research Archives (NORA)

Norwegian Open Research Archives (NORA)

Oakland University

OUR@oakland

OAPEN: Open Access Publishing in Europea
Networks

Directory of Open Access Books (DOAB)

OAPEN: Open Access Publishing in Europea
Networks

OAPEN Library

Oxford University Press

Oxford Journals

Oxford University Press

Oxford Journals Open Access

Oxford University Press

Oxford Medicine Online

Oxford University Press

Oxford Scholarship Online

Palgrave MacMillan

Palgrave Connect

Palgrave Macmillan

Palgrave Macmillan Journals

Pontificia Universidad Catolica del Peru

Portal de Revistas PUCP

Pontificia Universidad Catolica del Peru

Repositorio Digital de Tesis PUCP

Project Gutenberg

Project Gutenberg

Public Library of Science (PL0S)

PLoS

Publishing Technology (IngentaConnect)

Brill

Publishing Technology (IngentaConnect)

Hart Publishing

Publishing Technology (IngentaConnect)

Institute for Fiscal Studies

Publishing Technology (IngentaConnect)

Maney Publishing

Publishing Technology (IngentaConnect)

Martinus Nijhoff Publishers, an imprint of Brill

Repositorio Cientfico de Acesso Aberto de
Portugal

Repositério Cientfico de Acesso Aberto de
Portugal

Réseau des Bibliotheques de IUniversité de
Liege

PoPuPS: Portail de Publication de Periodique
Scientifiques
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Royal Society of Chemistry Publishing

RSC Journals

Royal Society Publishing

Royal Society Journals

Royal Society Publishing

Royal Society Open Access Journals

S. Karger AG

Karger Open Access Journals

SAGE Publications

SAGE Journals

SAGE Publications

SAGE Research Methods

Scholars Portal

Scholars Portal Open Content Alliance
Canadian Texts

SciELO SciELO Brazil
SciELO SciELO Chile
SciELO SciELO Espanha
SciELO SciELO Mexico
SciELO SciELO Uruguay

Smithsonian Institution Libraries

Smithsonian Research Online

Society for Industrial and Applied Mathematic
(SIAM)

Society for Industrial and Applied Mathematics
- SIAM Journals

SpringerLink

SpringerLink Journals - All

SpringerLink

SpringerOpen

Swets Information Services BV

Swetswise Online Content

Swinburne University of Technology

Swinburne ImageBank

Swiss Electronic Academic Library Service
(SEALS)

Retrodigitized Journals

Taylor & Francis Group

Taylor & Francis Online - Journals

Telemark University College

TEORA

Thomson Reuters

Web of Science - Arts & Humanities Citation
Index: 1989-2014

Thomson Reuters

Web of Science - Science Citation Index
Expanded: 1989-2014

Thomson Reuters

Web of Science - Social Sciences Citation
Index: 1989-2014

U.S. Department of Education

ERIC (Education Resources Information
Center)

U.S. Dept. of Energy - Office of Scientific and
Technical Information

Energy Citations Database

U.S. National Library of Medicine (NLM)

MEDLINE / PubMed

U.S. National Library of Medicine (NLM)

PubMed Central

Unitec Institute of Technology

Unitec Research Bank

Universidad de La Rioja Dialnet
Universita Degli Studi di Salerno ELEA
Universitat de Barcelona Diposit Digital
Université du Québec a Chicoutimi SDEIR

University College London

UCL Discovery

University of Bath

Opus: Online Publications Store

University of Birmingham

UBIRA ePapers

University of Birmingham

UBIRA eTheses
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University of California, California Digital
Library

eScholarship

University of Cambridge

DSpace@Cambridge

University of Chicago Press

University of Chicago Press Journals

University of East London

ROAR

University of Edinburgh

Edinburgh Research Archive

University of Kent

Kent Academic Repository

University of Liege

ORBI (Open Repository and Bibliography)

University of Manchester

Manchester eScholar

University of Minnesota

AgEcon Search: Research in Agricultural and
Applied Economics

University of North Texas

Portal to Texas History

University of North Texas

UNT Digital Library

University of Pardubice

Digital Library of the University of Pardubice

University of South Florida

Scholar Commons

University of Sydney

Sydney eScholarship Repository

University of Zurich

ZORA

Upper Austrian Federal State Library

Die digitale Landesbibliothek Oberosterreich

Uppsala University Library

DiVA - Academic Archive Online

VSKP - University of Economics, Prague

ETDs Repository

Walter de Gruyter GmbH (and hosted
publishers)

Walter De Gruyter Books

Walter de Gruyter GmbH (and hosted
publishers)

Walter De Gruyter Journals/Yearbooks

White Rose University Consortium

White Rose Research Online

Wikimedia Foundation

Wikipedia, The Free Encyclopedia

Wolters Kluwer Health, Ovid Technologies

Lippincott Williams & Wilkins - Journals

World Scientific Publishing Co.

World Scientific Books

World Scientific Publishing Co.

World Scientific Journals
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Appendix VI

Ethics approval letter

Information School Research Ethics Panel

Letter of Approval

Date: 27t February 2013
TO: Mohamed Adil

The Information School Research Ethics Panel has examined the following
application:

Title: Systems Design for E-Procurement DSS in Public Sector

Submitted by: Mohamed Adil

And found the proposed research involving human participants to be in
accordance with the University of Sheffield’s policies and procedures, which
include the University’s ‘Financial Regulations’, ‘Good Research Practice
Standards’ and the ‘Ethics Policy Governing Research Involving Human
Participants, Personal Data and Human Tissue’ (Ethics Policy).

This letter is the official record of ethics approval by the School, and should

accompany any formal requests for evidence of research ethics approval.

Effective Date: 14th May 2012

o=

Dr Angela Lin
Research Ethics Coordinator
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