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Abstract: A way to minimize uncertainty and achieve the best possible project performance in
construction project management can be achieved during the procurement process, which involves
selecting an optimal contractor according to “the most economically advantageous tender.” As
resources are limited, decision-makers are often pulled apart by conflicting demands coming from
various stakeholders. The challenge of addressing them at the same time can be modelled as a multi-
criteria decision-making problem. The aim of this paper is to show that the analytic hierarchy
process (AHP) together with PROMETHEE could cope with such a problem. As a result of their
synergy, a decision support concept for selecting the optimal contractor (DSC-CONT) is proposed
that: (a) allows the incorporation of opposing stakeholders” demands; (b) increases the transparency
of decision-making and the consistency of the decision-making process; (c) enhances the legitimacy
of the final outcome; and (d) is a scientific approach with great potential for application to similar
decision-making problems where sustainable decisions are needed.

Keywords: contractor selection; multi-criteria decision making; decision support concept; AHP;
PROMETHEE; construction procurement

1. Introduction

Selecting the optimal contractor for construction projects can be seen as the most
important strategic decision in such an investment, one which can have long lasting
effects that may emerge not only during the particular project, but assuredly during its
exploitation phase. At the same time, it is one of the most important decisions made by
the clients. Often, decision-making and decision support in civil engineering is solely
based on cost-benefit analysis (CBA). However, this has been found to be highly
inadequate, both in terms of incorporation and assessment of multiple-criteria like
environmental and wider economic issues which are usually essentially difficult to
quantify, and because traditional CBA relies heavily on estimating both demand forecasts
and construction costs [1-3]. Over the years, various researchers dealt with such aspects
of project performance, claiming that demand forecasts and construction cost estimations
in particular are subject to a large degree of uncertainty —commonly referred to as
optimism bias [4-12].

In order to minimize uncertainty and achieve the best possible project performance,
two EU Directives were implemented in 2004 that allowed a codification of rules and
procedures across EU countries regarding public procurement— Directives 2004/18 /EC
and 2004/17/EC. These directives guided contracting authorities, i.e., clients, to approach
their projects in a more strategic and forward-looking way in order to achieve successful
and thus sustainable projects. Accordingly, public procurement should be based on
disinterested criteria [13] that ensure compliance with transparency, nondiscrimination,
equal treatment, and with guarantees that tenders are evaluated in circumstances of

Appl. Sci. 2021, 11, 1660. https://doi.org/10.3390/app11041660

www.mdpi.com/journal/applsci



Appl. Sci. 2021, 11, 1660

2 of 18

effective competition. Such can be achieved by two approaches: “the lowest price” and
“the most economically advantageous tender.” Both approaches are present in EU
countries, as each country often builds in some specificities, but almost as a rule it comes
down to a single criterion, i.e., price. Dealing with a number of criteria directly implies the
need to use multi-criteria methods that are usually perceived as “difficult to understand.”
In the latter approach, the criteria related to the particular public procurement (article 53
of Directive 2004/18/EC and 55 of Directive 2004/17/EC) are in the hands of the clients, the
contracting authorities, and therefore vary from one tender to another. As it is a multi-
criteria problem, the use of any multi-criteria decision-making method seems to be the
right choice if the decision-maker is aiming toward a consistent decision-making process
from beginning to end.

In general, the field of strategic management is not defined by a particular theoretical
paradigm, but rather by its focus on a particular dependent variable—overall
organizational performance —and the role of managers in shaping that performance [14],
but also by extending, clarifying and applying such theories in new and interesting ways
[15]. The strategic management process advocated by [16] has been defined as comprising
a sequential set of analyses and choices that can increase the likelihood that a company
will choose a strategy that generates competitive advantage. This can also be applied to
projects, programs, and portfolios.

Similarly, such strategic thinking can be applied to the problem of selecting the
optimal contractor for a particular construction investment by applying multi-criteria
decision analysis (MCDA) approach and a logic of decision support systems (DSS). Salling
and Pryn [1] proposed a decision support model named SUSTAIN-DSS to bring informed
decision support, both in terms of single aggregated estimates, i.e., deterministic
calculation, and also in terms of interval results by certainty graphs, i.e., stochastic
calculation. Such interaction enabled the analysts to investigate not only the feasibility of
risk when assessing investment projects [5] but also to highlight the importance of
expanding the decision-making process beyond the consideration of solely economic
factors and point estimates. Various researchers [17-22] proposed different MCDA
approaches based on value measurement using qualitative inputs from a ratifying
stakeholder group via multiplicative analytic hierarchy process (AHP), which were found
to be well suited for group decision-making.

An extensive literature review from 2000 to 2018 [23] led to the identification and
classification of commonly used criteria in construction procurement, commonly used
decision-making techniques, and the origins of researchers working on this topic. In the last
decades there have been a number of papers dealing with outranking methods in
construction project management, focusing on AHP and/or PROMETHEE methods [24].
While some authors focused on the AHP method [25-30], the analytic network process [31]
or PROMETHEE methods [20,32-37] the important driver was given by [38] to use these
methods in synergy to achieve the most in a multi-stakeholder environment [19,39-45]. To
tackle the problem of selecting an appropriate contractor, various authors approach the
problem from the stakeholder point-of-view using the AHP or group AHP [21,
29,30,31,46,47], while others consider the problem as an overall approach of managing
stakeholders such as the multi-actor multi-criteria analysis methodology, i.e.,, MAMCA
[19,39], or decision support concept, i.e., DSC [32,34,35,42].

Regardless of the approach used, in order to determine “the most economically
advantageous tender” it is important to address not only technical aspects, but also
economic, social, environmental, and other aspects of the tenderers as well as the long-
term impact of the project outcomes as a whole. Therefore, such requirements can be
achieved be establishing adequate selection criteria during the procurement process. This
has been done by all the previously mentioned researchers, but some focused on defining
the main criteria in a more detail way [3,13,48-54] by using them to select tenderers in
competitive tendering systems.
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In this context, the main objective is to develop a decision support concept for the
selecting the optimal contractor based on the synergy effect of the AHP (for the
development of the hierarchical goal structure) and PROMETHEE methods (for the
pairwise comparison of alternatives, i.e., tenderers/contractors). An additional aim is to
define and implement a multi-stakeholder management procedure during the
construction procurement process that: (a) allows the incorporation of opposing
stakeholders’ demands; (b) increases the transparency of decision-making and the
consistency of the decision-making process; (c¢) enhances the legitimacy of the final
outcome; and (d) is a scientific approach with great potential to be applied in similar
decision-making problems where sustainable decisions are needed.

2. Methods and Methodology

To ensure that the construction project can be successfully completed regarding the
projects’ scope, time, costs and quality, the client must select the most appropriate
contractor, regardless of the type of investment, private or public. This involves a
procurement system that comprises several process elements (project packaging,
invitation to compete, prequalification, short-listing and bid evaluation).

The existing literature on contractor selection mainly deals with how to identify and
evaluate the criteria, thus providing the general lists of criteria for managing purposes in
civil engineering. A more promising approach that classifies the criteria for contractor
selection has been provided by Hatush and Skitmore [48,49], and Cheng and Li [31].
Taking their approach into account, i.e. focusing exclusively on the elements of
prequalification and bid evaluation in construction procurement, served as the basis for
the proposed decision support concept.

2.1. Data and Methods

In order to address how the existing body of knowledge in civil engineering has
developed in the direction of construction procurement, especially the contractor selection
problem, a systematic literature review was conducted in this study as well as direct
correspondence and collaboration with experts.

A systematic literature review was conducted for the purpose of multi-stakeholder
analysis and establishing the hierarchical goal structure. The review was conducted in the
Scopus and Web of Science databases using selected keywords (group decision-making,
multi-criteria, contractor selection, decision support, construction procurement, AHP,
PROMETHEE), and their syntax derivatives. To ensure the high quality and novelty of
the analyzed knowledge, only papers published in scientific journals between January
2000 and December 2020 were considered. This resulted in a list of seven criteria that are
most commonly used to select the optimal contractor.

This list of criteria was used in collaboration with two different groups of experts
(contractors and clients). The first group of experts, i.e., the contractor group, consisted of
eight private contractors selected from the local area. All examinees from this group are
experts in the field of construction procurement with 15 (2 examinee), 25 (5 examinees)
and 30 (4 examinees) years of experience and work at strategic management levels at their
companies. Some contractors were represented by more than one representative, but their
opinion was used in the further analysis as a single one, i.e.,, company point of view. The
second expert group, i.e., the client group, consisted of 13 public contractors selected from
the local area representing local government (5), government agencies (3), and universities
(5). All examinees from this group are experts in the field of construction management
and/or construction procurement with 15 (4 examinee), 20 (6 examinees), 25 (5 examinees)
and 30 (3 examinees) years of experience and work at tactical and/or strategic
management levels. As some clients were represented by more than one representative,
their opinion was used in further analysis as a single one, i.e., client point of view.

By means of structured interviews as well as workshops, both groups participated in
collective decision-making by expressing their view on criteria using the AHP and Saaty
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scale. This served not only as a participatory process in decision-making where
stakeholders adopt the decisions through a majority vote [46] , but also in seeking the
agreement of those who participate by generating consensus among them. This resulted
in two points-of-view, that of the clients and that of the contractors, which will be
discussed further in Section 3. Since the identified criteria are both quantitative and
qualitative, another outranking method, PROMETHEE, was used for ranking of the
tenderers as an appropriate MCDA method for solving such problems. For this purpose,
experts from the client group were asked to evaluate each tenderer in relation to each
criterion, resulting in a decision matrix that was used for prioritization.

The proposed decision support concept was tested on a case study, a small multistory
residential building, while the multi-stakeholder analysis and multi-criteria decision
analysis were tested by involving experts from public and private procurement as
mentioned.

2.2. Concept Development

The proposed decision support concept for selecting the optimal contractor (DSC-
CONT) consists of several processes, as shown in Figure 1. The focus of the proposed
concept is a two-stage procurement procedure: (1) prequalification, and (2) evaluation of
tenderers. To achieve the best possible outcome, the DSC-CONT uses the synergy of the
AHP and PROMETHEE methods. This approach of using the synergy of the AHP and
PROMETHEE has been previously tested in various multi-criteria problems [20,32,35-37]
and showed promising results. This is due to the strength of AHP in creating a hierarchical
goal structure and the strength of PROMETHEE in ranking alternatives according to
criteria that are evaluated both quantitatively and qualitatively. Creating such operational
synergies by strengthening PROMETHEE with AHP gives the robustness and consistency
in the decision-making process of the DSC-CONT. This approach is preferred by the
authors, based on their own experience with similar methodological approaches, but also
because of the research of other authors [19,33,34,39,41-44,55-57].

The novelty of the proposed concept is in its robustness and resilience to changes in
the decision-making process, especially in allowing stakeholders to express their attitudes
and their opposing demands. The methods used provide stakeholders with the
opportunity to express their attitudes in a clear way. At the same time, the transparency
of decision-making is increased and the legitimacy of the final outcome is strengthened.
The advantage of such an approach is that even if there is a change in the structure of the
decision-makers, the decision-making procedure itself remains intact and consistent.
Moreover, the proposed concept takes into account EU directives and can be easily
implemented in all public construction tenders regulated by Directives 2004/18 /EC and
2004/17/EC.

The DSC-CONT consists of two processes. During the prequalification process, it is
important to compare key contractor-organizational criteria among a group of contractors
desirous to tender. Such criteria can be identified in various ways. In general, this concept
provides a hierarchical goal structure procedure (Figure 2) and brings stakeholders into
the middle of the analysis. This is done by applying the AHP logic and giving stakeholders
the opportunity to reach consensus in order to come up with a sustainable solution. The
AHP [17,58] is used to determine the importance of the main goal, objectives and criteria
of each stakeholder group (client and contractor). Depending on whether the aggregation
is performed at the comparison level or at the priorities level, the procedure differs but
the result remains the same, i.e., the hierarchical goal structure is formed with all weights.
This is done by the multi-stakeholder analysis, while the contractor analysis offers the
insight into the alternatives, i.e., contractors/tenderers, which leads to their evaluation
according to previously defined criteria.

The following process is the evaluation of tenderers and here essentially the multi-
criteria decision analysis is carried out. Since the previously defined criteria can be both
qualitative and/or quantitative, the DSC-CONT uses the strengths of the PROMETHEE
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methods for ranking the alternatives. Here, the PROMETHEE II method [59-62] is used
to obtain a complete ranking, but before a final rank-list is produced, it is important to
check the results using VisuaPROMETHEE [63] features, such as PROMETHEE Diamond
and/or PROMETHEE Network, as well. The rank-list provides the decision-maker with
the basis for making a final decision, especially if it is presented graphically.
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Stakeholder list

| ® !
8 |
[imvesor 1151 2 v |
¥ :

All identified
stakeholders | | ‘==--———/A-No---c-——-- s omsosm Ao

T
t
VA
Criteria
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While the evaluation of tenderers process considers specific criteria that can measure
the suitability of the tenderers, i.e., contractors, it is not equivalent to the contractor
selection process, although in practice it is considered to be one. Since the evaluation of
tenderers is the process of investigating or measuring specific project attributes, the
contractor selection is referred to as the process of aggregating the results of the evaluation
to identify the optimal choice. Cheng and Li [31] also highlighted this: “In practice, these
two processes are always grouped together to represent a single procedure to prioritize
the contractors according to the project specific criteria”. Overall, the DSC-CONT
provides the decision-maker with a tool to identify, evaluate, and analyze, but the final
decision is always in their hands.

2.2.1. Building the Hierarchy

The stakeholder management is often seen as the most important part of construction
project management [37], directly affecting the projects’ scope, time, cost and quality.
Therefore, to manage them proactively by capturing their attitudes, the hierarchical goal
structure (HGS) procedure (Figure 2) is applied. This particular procedure has been used
in some previous research [20,24,36,37] and showed promising results in multi-
stakeholder analysis. The main advantages are the clear goal hierarchy by allowing
stakeholders, i.e., experts, to participate in the creation of the hierarchical goal structure,
but also to express their attitude towards each criterion. Assessing weights, i.e., stating
attitudes, often seems to be the weakest element due to the subjective approach, but in the
case where the search for consensus on weighting of each criterion is a necessity, this leads
to a consensus weighting of all involved stakeholders and can therefore be considered
objective. Nevertheless, the responsibility is in the hands of the decision-maker and his
ability to involve all relevant stakeholders in the HGS procedure.

The proposed HGS procedure ensures insight into the definition of objectives (O) and
criteria (C) of the defined main goal (MG). Since stakeholder relationships are not static,
but on the contrary dynamic and in constant change [42], their attitudes and actions may
change at different project stages, and endanger the overall performance of the project.
Since the hierarchical goal structure procedure is an iterative process that ends when all
stakeholders agree, the decision-maker can be sure that if the procedure is followed, all
stakeholders’ attitudes are embedded in the criteria, the objectives and the main goal.

The result of this procedure is a list of criteria, as shown in Table 1, and gives all
stakeholders involved a clear insight into the HGS and how each element is described,
evaluated and preferred. One can be assured that by completing and fulfilling each
criteria, the main goal will be achieved as an outcome of the process. In addition, this
becomes a transparent tool for the weighting phase.

As mentioned earlier, this list of criteria (Table 1) resulted from the systematic
literature review and the stakeholders were asked to state their attitudes only about them.
It is important to emphasize that due to the differences in construction projects and
tenders, the proposed HGS procedure offers the possibility to update this list or to create
a completely new, i.e., customized, list of criteria that provides the best results in terms of
the projects’ scope, time, cost and quality.
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Table 1. Criteria with short description, evaluation technique, and preference.
Criteria — Ceria N Short Description of Criteria and Evaluation Techni Preference
Label riteria Name T escription riteria an valuation lechnique (Min/Max)

Tender price that includes construction/reconstruction costs
C1 Tender price according to bill of quantities and technical documentation;Min
Expressed in 1.000 €
Expected duration of construction/reconstruction according to

c2 Expected duration . . . . Min
P bill of quantities and dynamic plan; Expressed in weeks

C3 Quality Expert assessr.ner}t taking into.account quality of the work tOMax
be done; Qualitative scale 1 (min) to 5 (max)

ca Past relationship Expert assessnTenF taking into éccount past relationship of theMaX
tenderer; Qualitative scale 1 (min) to 5 (max)
Expert assessment taking into account tenderers’ capabilities of
possible allocation of the resources for finishing

C5 Resources . . . . . .
construction/reconstruction in given project constraints;
Qualitative scale 1 (min) to 5 (max)
Expert assessment of project’s impact on whole life-cycle costs

C6 WLCC P \ent Ot project s tmp whole fecy Min
(WLCC); Qualitative scale 1 (min) to 5 (max)

c7 Past experience Expert assessment taking into account past experience of theMax

tenderer; Qualitative scale 1 (min) to 5 (max)

2.2.2. Weighting Phase

Once the HGS is made, it is necessary to determine their importance, i.e., their
weights. In a multi-stakeholder environment, this can be achieved in various ways. In this
particular case, each stakeholder group (contractors and clients) has been given the
opportunity to express their point-of-view. Typically, stakeholders think that their own
expectations have not been taken properly into account. Therefore, it is of utmost
importance that this procedure is transparent and all their attitudes and actions are
considered as a part of the collaborative governance [46,64,65].

The AHP method and Saaty scale (1-9) were used for weighting. Since there may be
multi-stakeholders in each group, we proposed the weight aggregation at the comparison
level of each group. The multiplicative AHP is useful for stakeholders and decision-
makers to align common viewpoints and ultimately reach an agreement, i.e., consensus.
Each group can be further analyzed as a separate scenario and its consensus as a
standalone scenario, if needed.

2.2.3. Ranking Procedure

While the AHP was used for the definition of HGS and weighting, the PROMETHEE
methods are recommended as appropriate ones for the MCDA of the proposed decision
concept. It is supported by the fact that there are different types of criteria which can be
both qualitative and quantitative. Such cases are very common when dealing with criteria
that involve various technical, economic, social, and environmental aspects. Since the
general objective of this process is to rank and compare all alternatives, it is of utmost
importance for decision analysts to prepare the results as graphically as possible. In this
case, the use of PROMETHEE II results should be supported by graphical representation
of PROMETHEE Diamond and/or PROMETHEE Network. The above is explained in
more detail in the following section.

3. Results and Discussion

Once the HGS is created, it enables collaboration with the identified stakeholders. In
this case, two stakeholder groups have been identified; contractors and clients.
Stakeholders from both groups were interviewed about the HGS, especially ranking
criteria. For the purpose of this study, the proposed concept is tested on a case study of a
small multistory residential building. The central issue is to show the possibilities offered
by the DSC-CONT, rather than the selection of the contractor in an actual tender.
Therefore, in order to present the procedure, the criteria have been defined as previously
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described. At the same time, the procedure of creating HGS is also presented. This will
allow decision-makers the opportunity to create HGS according to the specifics of their
tender.

To provide insight into DSC-CONT and achieve the defined goals of the study, this
section begins with the prequalification process and multi-stakeholder and contractor
analysis. The interviews were conducted in one-on-one sessions where each stakeholder
had the opportunity to reflect on given criteria and assign the weights. Each stakeholder
made the pairwise comparisons for the defined criteria. Different scales were proposed to
them to transform their judgments into numbers of the pairwise comparison. The one that
was used in the end was Saaty’s linear scale, where the values of comparison range from
1 (indifference) to 9 (extreme preference). This stage corresponds to the collaborative part
of the governance process, where all the preferences, likes, and desires, i.e., attitudes of
the stakeholders are included in matrices of pairwise comparison. By collecting their
judgment in square matrices, the relative dominance of one criterion over the other is
generated. Each stakeholder participated in the elaboration of the matrices among the
experts who designed HGS and the final result was presented to them at the end.

The first group, i.e., contractors, consisted of eight selected contractors from the local
area, as we saw in Section 2.1. They were all technical managers and/or general managers
in small and medium-sized enterprises (SMEs). This group was asked to weight the
criteria as they would like them to be evaluated in future tenders. Their respective
weightings are shown in Figure 3.

As mentioned earlier, some contractors saw certain criteria differently. From their
point of view, the three most important criteria were defined as quality, tender price, and
past experience. At the same time, three criteria have relative peaks in contrast to certain
attitudes. Those criteria are quality (Figure 3, Series 3), whole life-cycle costs, i.e., WLCC
(Figure 3, Series 7), and past experience (Figure 3, Series 8). It is interesting to see that even
with a small number of experts involved, their attitudes differ significantly. In this case,
the reasons can be found in their specializations. Consequently, in Series 3 the experts
come from a company specialized in prefabricated buildings, in Series 7 the experts come
from a company specialized in Design-Build projects, and in Series 8 the experts come
from a company with a 55 year tradition in civil engineering. In summary, even with a
small poll of stakeholders, the DSC-CONT provides the opportunity to incorporate
opposing stakeholders” demands while increasing the transparency of the decision-
making process.

0.45

0.4

0.35

0.3

0.25 | |

0.2 |

0.15 i :

0.05 : |

* O TAAR JERAE o o Lt
Tender Expected Quality Past Resources WLCC Past
price duration relationship experience

M Series1 M Series? Series3 Seriesd MSeriesS MW Series6 M Series7 M Series8

Figure 3. Weights of each criterion—contractors’ point-of-view.
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When applying the AHP method, the consistency ratio (CR) must be considered. For
all the contractors’ matrices, the inconsistency found was less than 0.1, which means that
the weights were calculated correctly. In order to evaluate them as a single group, i.e., as
a scenario, the overall matrix was created with aggregated values (Table A1). The
aggregation of each pairwise was done using the median, and the final weights are
presented in Table 2. The CR is 0.08. These weights were used for the following evaluation
of tenderers and presents Scenario 1—contractor group. To conclude, this approach
additionally gives transparency during aggregation as all stakeholders’ demands are
included in the decision-making process.

Table 2. Contractors’ aggregated weights.

E ted Past Past

Tender Price xpec.e Quality _as . Resources WLCC a.s
Duration Relationship Experience

Wi 21.9 11.6 25.7 13.1 4.2 4.9 18.6

The same approach was carried out for the second group, i.e., clients, which consisted
of 13 selected clients from the local area, as we saw in Section 2.1. They were all public
sector clients and mandatory users of public procurement. Five examinees represent the
university experts’ point of view, five represent local government on city municipality
regions, and three at the regional government agencies. This group was asked to weight
criteria in order to select the best contractor in the future tenders. Their respective
weightings are shown in Figure 4.

As mentioned earlier, some clients see certain criteria differently. Their view resulted
in defining the three most important criteria, namely WLCC, quality, and tender price. At
the same time, two criteria have relative peaks in contrast to the given attitudes. Those
criteria are tender price (Figure 4, Series 2 and 13), and WLCC (Figure 4, Series 1 and 5).
It is interesting to see that even with a small number of experts involved, their attitudes
differ significantly. In this case, the reasons can be found in their prior experience with
construction projects. Consequently, in Series 2 and 13 the experts’ prior experience
indicate that they are more oriented towards traditional budgeting and more likely to see
WLCC and nontraditional budgeting approaches such as public-private partnership (e.g.,
Series 1 and 5). In summary, even with a small poll of stakeholders, the DSC-CONT
provides the opportunity to incorporate opposing stakeholders” demands at the same
time increasing the transparency of the decision-making process.
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Figure 4. Weights of each criterion —clients’ point-of-view.

For all their matrices, the determined inconsistency was less than 0.1, which means
that the weights were calculated correctly. In order to evaluate them as a single group,
i.e., scenario, the overall matrix was created with aggregated values (Table A2). The
aggregation of each pairwise was done by the median, and the final weights are presented
in Table 3. The CR is 0.05. These weights were used for the following evaluation of
tenderers and presents Scenario 2—client group. To conclude, this approach additionally
gives transparency during aggregation as all stakeholders’ demands are included in the
decision-making process.

Table 3. Clients’ aggregated weights.

Tender Expected Past Past
. P . Quality Relations Resources WLCC Experienc
Price  Duration .
hip e
Wi 17.8 10.5 23.0 9.8 6.5 24.9 7.5

With the weighted HGS in place, the multi-stakeholder and contractor analysis
ended. This allowed the use of DSC-CONT to perform a multi-criteria decision analysis
using PROMETHEE methods. Since each group was analyzed as a separate scenario, it
was important to create separate decision matrices. Therefore, Figures A1 and A2 present
a decision matrix for each scenario. The main difference between these matrices lay in the
preference section. As already described in Table 1, each criterion was unique. Some of
them were quantitative (tender price and expected duration) and the others were
qualitative (quality, past relationship, resources, WLCC, and past experience). In the case
where a global consensus was reached, an additional aggregation of both contractors and
clients” weights had to be performed. For this particular case, further results and
discussions from both groups are presented.

To begin with the evaluation of tenderers process, the VisuaPROMETHEE software
was used. When using PROMETHEE methods, it is important to assign a preference
function to each criterion. The preference functions can be randomly assigned as one of
six predefined ones, but this is not recommended. The choice of a good preference
function depends on the scale of the underlying criterion. For the purpose of evaluating
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0,3087

0,1143

-0,3938

0.1353

-0,1645

tenderers, to all quantitative criteria the Linear preference function was assigned, while
the Usual, Level and U-shape preference functions were assigned to the qualitative
criteria.

As mentioned earlier, when using PROMETHEE methods such as PROMETHEE 1II it
is important to assign a weight to each criterion. Since PROMETHEE methods lack
consistent and transparent structuring of hierarchical goals, this is where the strength of
the AHP comes into play. By using the AHP in the multi-stakeholder analysis, we now
had a specific stakeholder weighting that could be implemented in PROMETHEE. The
key point was that these weights represented the actual attitudes of all involved
stakeholders and represented their consensus. This is particularly important when there
are a number of stakeholders who see the problem differently. It must be stressed that this
enhances legitimacy of the final outcome of decision-making process.

Taking all these into account, the PROMETHEE II was used and resulted in a
complete ranking of all alternatives, i.e., tenderers, (Figures 5a and 6a) in terms of their
group opinions, expressed by the criteria weights and by selecting an appropriate
preference function for each criterion. The Phi net flow of each alternative was also visible.
The higher the Phi net flow of a given alternative, the better it was, the same goes for the
lower Phi net flow. From Figures 5a and 6a, it was evident that out of the five alternatives
(Contractor A, B, C, D, and E), their rank remained almost the same, with the best
alternative being Contractor B and the worst being Contractor C. These alternatives were
used to simulate possibilities in the decision-making process and were not part of the any
real tender.

The overall spread between the best and worst tender had shrunk slightly, while the
close alternatives (Contractor A and D) had swapped rank positions. This sort of thing
sometimes happens when the alternatives are similarly valued according to criteria (see
decision matrices in Appendix A). This is very often the case in construction procurement,
as the contractors’ bids are very close to each other. With the proposed DSC-CONT, this
brings consistency, transparency, and clarity to the decision-making process and can
identify those very differences and help the decision-makers with their decision. At the
same time, it is known that the final decision is based on the opinions of all parties
involved and thus can be considered as the best or optimal decision.

+1.0

Contractor B

Confractor contractor A Contractor Contractor A

0 0.0
Contractor E Contractor E

| +1.0

I Contractor B I
I D. i
| | \

Contractor C \ s . Contractor C

| /

Ve

//

-1.0 -1.0

(@) (b)

Figure 5. The ranking of alternatives with the contractors” weighting: (a) PROMETHEE II; (b) PROMETHEE Diamond.
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0,2764

0,1333

-0,3256

01500

-0,2341

As previously mentioned, these tools give a graphical representation of the complete
ranking and should additionally be checked with PROMETHEE Diamond and/or
PROMETHEE Network. Figures 5b and 6b give an insight into PROMETHEE Diamond.
In PROMETHEE Diamond each alternative is represented as a point in the Phi plane
angled at 45° degrees so that the vertical dimension (green-red axis) corresponds with the
Phi net flow axis from PROMETHEE II. The point of each alternative in the Phi plane is
presented with Phi+ and Phi-, i.e., the results of the PROMETHEE I partial ranking.

Since the point of each alternative is a coordinate (Phi+, Phi-), it outlines a certain
cone. When one alternative cone overlaps another, it means that the alternative is
preferred over the other, while intersecting cones correspond to incomparable
alternatives. When such a thing occurs, it does not mean that two alternatives cannot be
compared, but that the comparison is difficult. In such case it is appropriate to examine
the PROMETHEE Network as a representation of the partial ranking resulting from the
PROMETHEE I as it allows incomparability between the alternatives.

| +1.0

I Contractor B I Contractor B

I Confractor contractor D i Contractor contractor D

l Contractor E 2 = Contractor E
Contractor C & ‘ Contractor ]

| | i

—1.[]

(a) (b)

Figure 6. The ranking of alternatives with the clients” weighting: (a) PROMETHEE II; (b) PROMETHEE Diamond.

In the example in Figure 5b, it is evident that the cone of alternative Contractor B
overlaps all the other alternatives, whereas in Figure 6b this is not the case. In such cases,
the difficulty of comparing alternatives is emphasized and this helps the decision-maker
to focus on these alternatives in detail. Therefore, a PROMETHEE Network of Scenario 2
is presented in Figure 7.

From this additional insight (Figure 7), one can see the relative position of each
alternative in PROMETHEE II and PROMETHEE Diamond, as well as the preferences
represented by the arrows. This insight can further help the decision-maker not only to
make the decision based on a complete ranking of alternatives, but also consider in detail
whether certain alternatives are incomparable. From Figures 6 and 7, it can be concluded
that the Contractor B alternative is the optimal one.
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Contractor B
Phi+: 0,44 Phi-: 0,1

Contractor A
*hi+: 0,30 Phi-: 0,

Contractor D
Phi+: 0,31 Phi-: 0,17

Contractor E
Phi+: 0,13 Phi-: 0,36
Contractor C
Phi+: 0,09 Phi-: 0,42]

Figure 7. The ranking of alternatives with the clients” weighting—PROMETHEE Network.

As we saw in this chapter, the synergy of the AHP method and PROMETHEE
methods cope efficiently with the problem of selecting the optimal contractor if they are
used adequately. Even the limitations that some of the above methods have when they
are used solely in this approach cease to exist. The proposed decision support concept for
selecting the optimal contractor showed its robustness, resilience, and consistency in the
decision-making process even when changes occur.

4. Conclusions

The presented decision support concept for selecting the optimal contractor (DSC-
CONT) shows a scientific approach for coping with the multi-stakeholder and multi-
criteria decision-making environment in construction project management during the
procurement process, focusing on (1) prequalification, and (2) evaluation of tenderers. In
order to achieve the optimal solution, the concept is based on the synergic effect of the
AHP (for the development of the hierarchical goal structure) and PROMETHEE (for the
pairwise comparison of alternatives, i.e., tenderers/contractors) methods, each applied at
different stages of the procurement procedure.

The advantage of the presented DSC-CONT is that it is easy to implement in any
public construction tender regulated by Directives 2004/18 /EC and 2004/17/EC. The
concept is robust and resilient to changes in stakeholders and allows for their opposing
demands, at the same time it increases the transparency of decision-making and enhances
the legitimacy of the final outcome. The advantage of such an approach is that even if
there is a change in the structure of decision-makers, the decision-making procedure itself
remains intact and consistent.

The limitations of this study are the given criteria. At the moment, they serve to
validate the proposed decision support concept, especially the decision-making
framework. Therefore, future directions are in expanding the dataset of stakeholders’
attitudes towards specific types of building projects and providing lists of statistically
significant criteria for particular tenders in civil engineering. This will potentially help the
decision-makers to further speed up the process of defining criteria and focus energy on
the criteria weighting and evaluating tenderers to select the optimal one.
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Appendix A

The AHP decision tables as an overview of contractors” and clients’ points-of-view
are given in the following tables.

Table A1. Overall matrix for Scenario 1—contractor group.

Tender Expected Past Past
. P . Quality  Relations Resources WLCC  Experienc
Price Duration .
hip e
Tender 1 4 2 1 3 5 1/3
price
Expected 1/4 1 1 1 3 3 1/2
duration
Quality 1/2 1 1 3 7 3 4
Past
relationsh 1 1 1/3 1 4 3 1
ip
Resources 1/3 1/3 1/7 1/4 1 1 1/3
WLCC 1/5 1/3 1/3 1/3 1 1 1/2
Past
experienc 3 2 1/4 1 3 2 1

e
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Table A2. Overall matrix for Scenario 2—client group.

Tend E ted Past Past
en. er xpec'e Quality  Relations Resources WLCC  Experienc
Price Duration .
hip e
Tender 1 3 1 3 1 1 1
price
Expected 1/3 1 13 3 1 13 2
duration
Quality 1 3 1 3 5 1 3
Past
relationsh 1/3 1/3 1/3 1 3 1/3 3
ip
Resources 1 1 1/5 1/3 1 1/5 1/2
WLCC 1 3 1 3 1 5
Past
experienc 1 1/2 1/3 1/3 2 1/5 1
e
¥ m | B | & ] & ¥
@ [ Scenariol | (Tender ...] [Expecte...) [ Qualty | Pastrela..) Resources) [ WLCC | Past exp..)
Unit unit unit 5-point 5-point 5-point impact 5-point
Cluster/Group & * L 2 < L 2 ¢ L 4
Preferences
Min/Max mn min max max max min max
Weight 21,90 11,60 25,70 13,10 4,20 4,90 18,60
Preference Fn. Linear Linear| Usual Level Usual  U-shape Usual
Thresholds absolute. absolute, absolute  absolute  absolute  absolute  absolute
- Q: Indifference € 24,82 4,50 nfa 0,00 n/a 1,00 n/a
- P: Preference € 62,82 9,00 nfa 1,00 nfa n/a n/a
- S: Gaussian n/a n/a nf/a n/a n/a n/a n/a
Statistics
Minmum € 680,00 65,00 2,00 3,00 3,00 2,00 2,00
Maximum € 750,00 80,00 4,00 4,00 4,00 4,00 4,00
Average € 716,00 74,00 2,80 3,40 3,40 3,00 3,20
Standard Dev. €2871 5,83 0,75 0,49 0,49 0,63 0,75
Evaluations
7| (Contractor AJ|[@| € 700,00 70,00 average  average good moderate  average
7| (Contractor BJ [@| € 750,00 65,00  average good good low good
¥] (Contractor C) [@| € 680,00 75,00 bad average| average high bad
7| (Contractor DJ/E| € 700,00 80,00 good average average moderate  average
] [Contractor E) @| € 750,00 80,00 bad good  average moderate good

Figure Al. Contractors’ decision matrix—input for conducting PROMETHEE II
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/ v v / / / v
@® [ Scenario2 | [Tender ...) [Expecte...) [ Qualty | Past rela...) Resources) [ WLCC | Past exp..)
Unit unit unit 5-point 5-point 5-paint impact 5-point
Cluster/Group L 2 & L 4 k3 E3
Preferences
Min/Max min min max max max min
Weight 17,80 10,50 23,00 9,80 6,50 24,90 7,50,
Preference Fn. Linear Linear Usual Level Usual  U-shape Usual
Thresholds absolute  absolute  absolite  absolute  absolute  absolute  absolute
- Q: Indifference € 24,82 4,50 n/a 0,00 n/a 1,00 n/a
- P: Preference € 62,82 9,00 nfa 1,00 n/a n/a n/a
- 5: Gaussian n/a n/a nfa nfa nfa n/a n/a
Statistics
Minmum € 680,00 65,00 2,00 3,00 3,00 2,00 2,00
Maximum € 750,00 80,00 4,00 4,00 4,00 4,00 4,00
Average € 716,00 74,00 2,80 3,40 3,40 3,00 3,20
Standard Dev. € 28,71 5,83 0,75 0,49 0,49 0,63 0,75
Evaluations
/| [Contractor Al ' € 700,00 70,00  average  average good moderate  average
7| [Contractor BJ/@! € 750,00 65,00  average good good low good
7] [(Contractor CI | € 680,00 75,00 bad average| average high bad
/| [Contractor DJ | € 700,00 80,00 good average| average moderate  average
v| (Contractor E)|@ € 750,00 80,00 bad good  average moderate good

Figure A2. Clients’ decision matrix—input for conducting PROMETHEE II.
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