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Abstract

Consultant evaluation and selection is a subjective process due to the qualitative nature of
evaluation criteria. A thorough evaluation that includes all the necessary criteria should be
conducted. A suitable procurement method for determining proficient consultants was found to be
Qualifications-Based Selection, which means that the price criterion is not considered. Owners
often use both price and non-price criteria in the evaluation process. However, when price is one
of the deciding factors, non-price criteria suffer because clients do not pay as much attention to
consultant qualifications as they should and instead focus on the price. They may give all
consultants the same rating for the qualifications-related criteria, and then the bid price determines

which firm gets the job.

The objective of this research is to develop an automated decision support system to assist clients
in selecting competent consultants with minimal subjectivity and improved consistency. Through
a study of industry practices and an extensive literature review, this research identifies all criteria
needed to properly evaluate consultants. The statistical analysis of the documents used by clients
to evaluate consultants yielded the weights of the main criteria categories, which are (1) technical
and (2) managerial and organizational. For this multi-criteria decision-making problem, fuzzy
TOPSIS was determined to be the most appropriate technique. Fuzzy logic, which is a subset of
artificial intelligence, deals with linguistic variables, whereas TOPSIS performs mathematical
operations and ranks consultants. The analytical consultant evaluation and ranking model was
created using the Python programming language, which is widely used for data analysis and

machine learning.



The contributions of this research include the development of pre-evaluation inquiries for
screening and shortlisting consultants before the detailed evaluation process to save the decision-
maker time and effort by focusing on eligible consultants only. It also involves the identification
of evaluation rules for measuring criteria, which will be checked by the decision-maker to
objectively determine the rating for each criterion. By that, subjectivity is minimized, while
transparency and fairness are reinforced, because, unlike traditional approaches, where the
decision-maker is required to set the linguistic ratings, evaluation rules decide on these ratings.
Furthermore, the developed analytical model is comprehensive with all the relevant criteria,
including environmental considerations, sustainability, and innovation which have recently gained
attention. The decision-maker has the choice of using the system's recommended criteria weights
or entering different weights based on the project characteristics. The computerized system is
flexible and adaptable, allowing the decision-maker to exclude any non-applicable evaluation rules

that may not fit in some projects without affecting the model calculations.
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Chapter 1: Introduction

1.1 Background

Different procurement methods can be used in the evaluation and selection of consultants. The
three most common methods are competitive bidding, qualifications-based selection (QBS), and
best value procurement. Most clients, especially public ones, prefer basing their selection on the
price criterion although the firm with the lowest price may not be the most qualified (Kasma,

1987).

Clients may believe that price-based procurement will save them money. On the contrary, if QBS
is utilized to select consultants, it may save them money. That is because a higher design cost can
result in savings during construction, which can be achieved, for example, through the consultant's
consideration of sustainable low-impact design. As a result, clients should constantly consider the
value of a consultant's early construction involvement, which can save time and money and

improve quality.

There are different multi-criteria decision-making techniques available. One of these techniques,
fuzzy TOPSIS, is appropriate for tackling consultant evaluation and selection problems. Fuzzy
TOPSIS is a hybrid technique in which fuzzy logic is used to manage linguistic variables and
TOPSIS is applied to perform systematic mathematical computations to determine the ranking of
different consultants. Due to its ability to deal with ambiguous or inaccurate inputs, fuzzy logic
can be used in circumstances where there are uncertainties (Babu et al., 2006). The Technique for
Order of Preference by Similarity to Ideal Solution is the full name of the TOPSIS method, which

explains how it works. It is based on the idea that the distance between the chosen option and the



positive ideal solution must be as small as possible, while the distance between the anti-ideal

solution and the same selected option must be as large as possible (Hwang & Yoon, 1981).

1.2 Problem Statement

The fundamental difficulty with lowest bid procurement is that focusing solely on price affects
quality and overlooks the importance of other factors such as communications management,
schedule control approach, and proposed project team credentials in ensuring project success. For
best value procurement, which takes into consideration both price and non-price criteria, owners
end up using the former as the differentiating factor between consultants. Therefore, the most
appropriate method for selecting competent consultants is one that fully eliminates price as an
evaluation component, as QBS does. Although QBS improves the consultant procurement process
(Christodoulou et al., 2004), it is not widely adopted for consultant selection. Owners are

concerned about QBS because of the subjectivity issue associated with non-price criteria.

In general, industry practices and research prioritize some evaluation factors while ignoring others.
However, for effective evaluation of consultants, all factors must be covered to conduct a thorough
assessment and make an accurate judgment. Furthermore, because consultant evaluation criteria
are of qualitative nature, they are hard to measure. Therefore, there is a need for an analytical
model that minimizes subjectivity in the decision-making process and can be utilized in different
projects. The automated system should be able to objectively aid owners in selecting qualified
consultants, while also allowing for some flexibility and adaptation so that it can be used for

projects with varying characteristics.



1.3 Research Objectives

To address the research gap, the following are the research objectives: (1) utilization of QBS for
consultant selection with minimal subjectivity, (2) establishment of a standard, comprehensive set
of consultant evaluation criteria, (3) determination of a proper way to measure the evaluation
criteria, which are of qualitative nature, (4) improvement of consistency, transparency, and fairness
in the consultant evaluation process, and (5) development of an automated decision support

system, using the fuzzy TOPSIS technique, to help owners evaluate and rank qualified consultants.

1.4 Research Methodology

1.4.1 Overview of the Research Methodology

The research methodology consisted of three main phases: an extensive literature review in the
first phase, the development of a theoretical model in the second phase, and the construction of a
computerized comprehensive model in the third phase to objectively evaluate and rank different

consultants. The research methodology is summarized in Figure 1.1.

1.4.2 Phase 1 of the Research Methodology

Since there are common evaluation criteria between consultants and contractors, such as the
relevant experience of both the firm and the proposed project team, a thorough review of the
literature was conducted during the first phase of the research to identify the most important criteria
and sub-criteria used to evaluate them. Different research papers were then checked to determine
the most appropriate decision-making technique for dealing with the outlined problem of
consultant evaluation and achieving the main aim of developing a decision support system to

objectively assist in the consultant selection process.



1.4.3 Phase 2 of the Research Methodology

85 client documents, mainly request for proposals (RFPs), used by industry practitioners to
evaluate consultants for detailed engineering and design services for various projects, were
carefully examined for the theoretical model construction during the second phase of the research.
These documents' criteria and sub-criteria were thoroughly checked, and criteria were classified
into categories (e.g., technical criteria category) and a criteria breakdown structure was
constructed. Statistical analysis was then performed for the criteria weights found in the analyzed

dataset to obtain proper weights to recommend to the decision-maker during evaluation.

The project management knowledge areas described in PMBOK Guide (2013) were also analyzed,
with the ones relevant at this early stage (i.e., bidding) being taken into account due to their
importance in identifying qualified consultants (e.g., stakeholder management, quality

management, etc.)

Pre-evaluation inquiries, in the form of yes/no questions were identified as a means of screening
and shortlisting consultants for the detailed evaluation process. Finally, the entire theoretical

framework was validated by industry experts.

1.4.4 Phase 3 of the Research Methodology

The third phase of the research entails the creation of an analytical computational model that
employs the fuzzy TOPSIS technique using the Python (PyCharm) programming language. First,
research papers, project management publications, and descriptions of evaluation criteria and
assessment requirements in the analyzed dataset (i.e., RFPs) were used to identify the evaluation
rules for objectively measuring different criteria. The rules gleaned from research articles and

project management books were described as practices or steps for correctly checking or managing



an area, not as evaluation rules (e.g., use of building information modeling BIM for

communications management).

To obtain a performance rating for each criterion with minimal subjectivity, each criterion has a
certain number of evaluation rules with pre-defined scores. Depending on the relative importance
of each rule, the assigned scores differ from one rule to another, with a total score equal to 100 for
all the rules of each criterion. The decision-maker will be requested to check the evaluation rules
and indicate whether or not the consultant meets the requirements of each rule. As a result,
linguistic scores (low, medium, and high) will be generated automatically. Calculations of the
fuzzy TOPSIS method will then take place, and consultants will be ranked from the most to the
least qualified. Microsoft Excel was also used to develop a fuzzy TOPSIS model, which yielded

the same results as the Python model computations.

The decision support system provides an overall ranking, a ranking based only on technical

criteria, and a ranking based solely on managerial and organizational criteria.
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Figure 1.1 Research Methodology

1.5 Research Contributions

1.5.1 Academic Contributions

The following are considered among the academic contributions: (1) identification of evaluation
rules for measuring qualitative criteria, (2) application of a state-of-the-art decision-making
technique to solve an important real-life decision-making problem, where fuzzy TOPSIS approach
was utilized in a way that minimizes subjectivity, adds rationale, and improves fairness in the
decision making process, and (3) utilization of artificial intelligence through the implementation
of the fuzzy logic technique, where trapezoidal fuzzy numbers were found to be more suitable than

triangular fuzzy numbers for the consultant evaluation and selection problem because the trapezoid



provides a range of maximum values whereas the triangle has one maximum value only (i.e., the

apex of the triangle); hence the problem is brought closer to reality by using the trapezoid shape.

1.5.2 Industrial Contributions

The contributions to the industry are as follows: (1) identification of a complete set of consultant
evaluation criteria, and classification of criteria into two main categories: (a) technical criteria, and
(b) managerial and organizational criteria, with their weights, 47% for the former and 53% for the
latter, derived from a statistical analysis of a significant number of client documents used to
evaluate consultants. This results in standardizing the decision-making process and improving its
consistency, (2) construction of an automated analytical model for consultant evaluation and
ranking using the Python programming language. The developed model minimizes subjectivity
and bias and improves transparency in the decision-making process so that owners can implement
the QBS method. It also ranks consultants on two levels: an overall ranking (the highest level), a
separate ranking for the technical criteria, and a ranking for the managerial and organizational
criteria. This is advantageous, especially if two consultants, for example, have a close overall
ranking; a lower level of ranking (category-wise) is required for a better judgment, and (3)
consideration of adaptability and flexibility in the developed decision support system, allowing the
decision-maker to insert the preferred criteria weights and exclude the non-applicable evaluation

rules, if any, based on the project needs and requirements.



1.6 Thesis Organization

This thesis is divided into seven chapters, the first of which is the Introduction. The subsequent

chapters' contents are summarized as follows:

Chapter 2: Literature Review — Describes the common procurement methods for selecting
consultants, the various criteria and sub-criteria for evaluating consultants and contractors,

and different decision-making techniques.

Chapter 3: Development of the Conceptual Model of the Decision Support System —
Explains in detail how the theoretical framework, which includes all the criteria, sub-

criteria, and criteria weights, was created.

Chapter 4: Establishment of Evaluation Rules for Measuring Criteria — Defines various

rules for measuring all the consultant evaluation criteria that are known to be qualitative.

Chapter 5: Development of a Computerized Analytical Model for Consultant Evaluation
and Ranking — Explains thoroughly how the computational model for evaluating and

ranking consultants is constructed using TOPSIS in fuzzy environment.

Chapter 6: Application of the Developed Decision Support System — Presents a detailed

example of how the constructed decision support system evaluates and ranks consultants.

Chapter 7: Conclusion — Provides a summary of the work completed under this thesis, as

well as the research conclusion, limitations, and recommendations for future work.



Chapter 2: Literature Review

2.1 Introduction

The literature review chapter covers 3 main points. Different procurement methods for selection
of professional services are first defined, with a comparison between the most common ones.
Following that, several evaluation and selection criteria are addressed, along with certain
weightings for some of them. The third point addresses a variety of evaluation techniques that can
be utilized for consultant selection. A summary is provided at the end of this chapter to explain the

limitations of some of the previous work and introduce what will be done in this research.

2.2 Procurement Methods

2.2.1 Overview of Procurement Methods

Services are intangible, and this is considered the most prevalent assumption that distinguishes
services from goods. In other words, services are performances, and there is no possibility to taste,
see, touch, feel, or examine them in the same way goods can. Also, saving and storing services is
unattainable (West, 1997). Procurement of architectural and engineering services is an example of
the procurement of professional services and can be referred to as the consultant evaluation and

selection process.

No matter which project delivery method is selected, the procurement method significantly affects
the project performance (El Wardani et al., 2006). The commonly adopted project delivery
methods are Design-Build (DB), Design-Bid-Build (DBB), and Construction Management at Risk
(CMAR) (Chinowsky & Kingsley, 2009). The choice of a suitable procurement method for a
project depends on many factors, as this can reduce risks such as not meeting the expectations of

the owner, choosing an improper DB team, and underperforming in the project (El Wardani et al.,



2006). Different procurement methods include Low Bid, Qualifications-Based Selection, Best-

Value, and Sole Source (Chinowsky & Kingsley, 2009).

2.2.2 Lowest Bid Procurement

Clients often select consultants based on price rather than qualifications, and public firms
ordinarily base their selections on price if it is included as a selection criterion for negotiations
(Kasma, 1987). In a competitive bidding process, selecting a contractor based on price does not
assure a suitable quality and price of the products (Lo & Yan, 2009), since the lowest bid may not

be the most qualified (Kasma, 1987).

Economic and political pressures to save money play a major role in the selection process.
However, money is unable to measure the value of engineering services. Also, costs resulting from
poor construction supervision, mismanagement of contract documents, or an engineering mistake
might be substantially larger than the money saved by selecting the consultant with the lowest

price (Kasma, 1987).

A commonly encountered problem in the traditional price-based bidding process is that
contractors tend to offer unrealistically low bids. A solution to this is to adopt another procurement
method instead known as Qualifications-Based Selection (QBS), which is quality dependent rather

than price (Lo & Yan, 2009).

2.2.3 Qualifications-Based Selection (QBS)
QBS was founded in 1972 in the U.S. as a federal law to enhance the consultant procurement
process (Christodoulou et al., 2004) by selecting consultants according to their capability and

experience (Lines & Shalwani, 2017). QBS works with all project delivery methods (Chinowsky
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& Kingsley, 2009), and can be adopted not only for consultant selection but for contractors as well
(Manoliadis et al., 2009). Moreover, whether it is a consultant or a contractor selection process,
QBS is the most appropriate approach for specialized construction and DB projects due to their

nature (Manoliadis et al., 2009).

In the QBS system, public funds are dealt with in a careful and wise manner, and the greatest
professional services are provided at an acceptable cost. In addition, all eligible competitors get
the chance to be evaluated in the same manner and selected based on their qualifications and pre-
determined criteria. Moreover, QBS is beneficial for city officials, because choosing the most
suitable professional services is a tough decision and the selection process involves both

subjectivity and objectivity (Rollins, 2007).

To examine how the implementation of the QBS method can impact the market competition and
what the prices offered by the contractors will be in case QBS is used, a simulation model was
designed by Lo and Yan (2009) to carry out this analysis. It was concluded that for a QBS system
to be effective by focusing on the quality of the project, the selection criteria should not consider
the price because of the problems associated with very low bids. In addition, the past performance
of contractors and the assessment of their qualifications are related in a significant way that
determines the effectiveness of the QBS approach. Hence, the contractor’s performance in

previous projects should be accurately analyzed during the bidding stage (Lo & Yan, 2009).

2.2.4 Best Value Procurement
Another type of procurement is known as best value. In best value procurement, there are many
factors including price that contribute to the choice of the contractor, unlike lowest bid

procurement, which is solely based on price (Yu & Wang, 2012). Best value procurement aims to
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accomplish several project objectives such as ensuring quality. It also aids at enhancing the project
performance (Gransberg et al.,-2007). Additionally, risk mitigation, which takes place in best value

procurement provides a higher project value (Storteboom et al., 2017).

2.2.5 Sole Source Selection

A contract is established with a specific consultancy firm for a certain period of time in sole source
selection (e.g., a two-year contract), as explained by Chinowsky and Kingsley (2009). The same
authors clarified that during that time, all engineering works will be carried out by that firm under
a specific budget. However, the amount of money that needs to be agreed upon is the problem

(Chinowsky & Kingsley, 2009).

2.2.6 Comparison between Procurement Methods

Usually, the selection of a contractor depends mainly on price (Sawyer, 2014). Clients tend to seek
guidance from others or depend on long term relations because non-price criteria are usually hard
to specify and evaluate; however, informal data usage is limited and controlled by the public

procurement regulation (Sporrong, 2011).

Consultants place great efforts trying to minimize the weight of the fee criterion when owners
choose best value procurement (Lines & Shalwani, 2017). However, there are many well-known
organizations that encourage and support the QBS system, such as the American Council of
Engineering Companies (ACEC), American Institute of Architects (AIA), American Public Works
Association (APWA), United States Army Corps of Engineers (USACOE), Federal Highway
Administration (FHWA) (AIA, 2015). For instance, APWA (n.d.) explained that in contrast with
price, the most excellent project consultancy services to be provided to the public can be achieved

when a QBS system is implemented.
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Not only does QBS give room for more flexibility and creativity, but also it reduces the possibility
of encountering disputes and litigation (APWA, n.d.). Similarly, Manoliadis et al. (2009)
mentioned the high flexibility level in QBS and added the “multifactored decision-making
capability” that QBS has in comparison with competitive bidding or any other frequently applied
cost-based methods. Unlike competitive bidding, which assumes that there is no difference
between suppliers or service providers, QBS disagrees (Christodoulou et al., 2004). That is
because, in case of professional services, service providers include people whose capabilities

substantially impact the final product’s quality (Christodoulou et al., 2004).

More strength points in QBS include its fairness and objectivity, and its simplicity and easiness to
understand and apply. It is also well-established and justifiable. The executive director, Mr. Jerry
Deschane, League of Wisconsin Municipalities, stated that “Communities that utilize QBS report

their long-term costs are lower” because QBS ensures quality (AIA, 2015).

2.3 Consultant Qualifications

2.3.1 Common Consultant Evaluation Criteria

Whether projects are simple or complex, there are three criteria indicated by Sporrong (2011) as
the most favored non-price evaluation criteria to be used in the bidding stage: individual
experience of key project team members, their education, and personality-related criteria.
Additionally, the quality and costs of construction are significantly impacted by the consultants’
attitudes, dedication, and competence (Sporrong, 2011). According to Sawyer (2014), the three
main classes of evaluation criteria are technical capacity and previous performance, key personnel,
and fee. However, the author in their research deduced that the key personnel aspect, in the form

of an interview process, is statistically more significant than the fee (Sawyer, 2014).
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Day & Barksdale (1992) compiled a list of the criteria to consider when selecting a professional
services firm. The first main criterion includes experience, competence, and expertise, having the
following as its sub-criteria: firm reputation, management competence, visible and active
principals, and client oriented, staff capabilities, design team’s technical ability, and team
qualifications. Secondly, comprehension of the client requirements; comprehension of the client
project and standards, creativity, and project knowledge beyond RFP all form this criterion. The
third major criterion is communications, interaction, and relationship, which includes trust and
integrity, good presentation, chemistry and relationship, ability to work as a team, and good
listener. Finally, contractual and administrative conformance is the fourth and last major aspect,
with firm workload, ability to meet schedule, efficiency, and price being its sub-criteria (Day &

Barksdale, 1992)

Similarly, Cheung et al. (2002) listed four primary evaluation criteria with several sub-criteria
under each one. Firm qualifications, financial stability, reputation, technical competence, similar
project experience, number of similar projects completed, and award are all sub-criteria falling
under the firm background criterion. Budget control, schedule control, and quality of work belong
to the past performance criterion. In addition, capacity to perform the work is considered a main
criterion including physical resources, qualified personnel availability, professional
experience/qualifications, present number of contracts, current workload, and firm size. The last
principal criterion is project approach; budget control approaches, time schedule approaches,
quality approaches, comprehension of project requirements, and design approach/ methodology
are all part of this criterion. Other criteria mentioned are client-consultant previous working
relationship, taking project ownership, key staff to be allocated for the project, and price (Cheung

et al., 2002).
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Technical skills, management skills, relevant experience, knowledge of business, and
implementation cost are five total quality management (TQM) consultant selection criteria,
according to Saremi et al. (2009). Technical skills refer to both the system and personnel skills,
and management skills comprise organization, economic stability, certificates, and acceptable
insurance. For the knowledge of business, it includes strategies, markets, and processes (Saremi et
al., 2009). Two of the design-related criteria mentioned by Sporrong (2011) are technical aspects
of design and aesthetic aspects of design. In addition, embeddedness, as explained by Chinowsky
and Kingsley (2009), is a way of measuring the owner-consultant firm’s ongoing working
relationship. The authors also brought attention to the importance of the trust relationship between

the owner and the design team (Chinowsky & Kingsley, 2009)

Kasma (1987) described five criteria to be considered in consultant selection. First, firm technical
experience, which comprises both general and relevant projects. The second aspect is the past
performance and reputation criterion, where the total years of work should be looked at and, if
possible, on-site inspections should take place for projects previously performed by the consultant.
Also, performance quality should be checked from client references, staff operating a project
which involved that consultant should be contacted, and the likelihood to backup errors they made
should be considered. The third criterion, staffing, includes adequate staff, equipment, and
facilities availability for the project, as well as the project team members’ names, qualifications,
and service with that consultant firm. Project approach and objectives is the fourth significant
criterion; project concept, project work approach, project site familiarity, and project time schedule
are all aspects of this criterion. Finally, proximity, which denotes the time distance between the
office of the consultant and the project, is the last criterion and includes whether on-site human

resources are expected or not (Kasma, 1987).
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According to Ling (2002), the three critical variables which are required to forecast the consultant
performance in a DB project are the capability of the consultant to solve an issue and the project
strategy, the time the consultant takes to complete the design drawings, and the consultant’s
interest level in dealing with a complex task. Furthermore, Ling et al. (2003) found that task
performance and contextual performance are two important factors that consultants must excel in
to able to manage a DB project. The authors also added the competitive prices and contractor-
consultant relationship aspects, since contractors are the ones that select consultants for DB

projects (Ling et al., 2003).

Doloi (2009) deduced some performance-related factors to assist in contractor selection. These
factors are previous performance, firm capability, planning and control, quality management,
soundness of business and workforce, risk management, and commitment and dedication. Also,
Abdelrahman et al. (2008) gathered various contractor evaluation criteria. Initial capital cost,
project duration, staff experience, past performance, project management plan, quality
management plan, environmental considerations, and technical proposal responsiveness are some
of these criteria (Abdelrahman et al., 2008). Clearly, the same criteria can be used in the consultant

evaluation process.

The ten most significant contractor prequalification criteria, as advised by Ng and Skitmore (1999),
are performance, fraudulent activity, management capability, financial stability, firm stability,
competitiveness, the standard of quality, work progress, relationship with client, and failed
contract. Some other criteria listed by the same authors include health and safety, resources,
response to instruction, previous debarment, reputation, work capacity, quality assurance and

control, co-operative outlook, credit rating, technology level, procurement method, working
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capital, location, years of work, number of previous bids, and claims and contractual dispute (Ng
& Skitmore, 1999). Lo et al. (2007) highlighted that beyond contractual reward (BCR) is a way
that contractors count on through cutting corners and claims after project award to compensate for

the low bids they offer to win the project in case of competitive bidding.

2.3.2 Uncommon Consultant Evaluation Criteria

2.3.2.1 Overview of Uncommon Evaluation Criteria

Not long ago, sustainability and innovation have been given attention in research as issues of
political interest, where the role of public procurement for these matters is analyzed (Sporrong,
2011). The impact that the construction industry has on the environment is massive, and ecological
and societal concerns are increasing in a way that pushes construction to become green (Badi &

Murtagh, 2019).

From an operational perspective, supply chains involve extracting and utilizing raw materials from
the natural environment (Fortes, 2009). The 1980s quality revolution and the 1990s supply-chain
revolution have brought out the importance of considering the environment in ongoing work
(Srivastava, 2007). Green supply indicates how innovations in supply chain management and
industrial purchasing could be thought about in connection with the environment (Green et al.,
1996). Green supply chain management (GSCM) can integrate environmental considerations into
supply chain management (Srivastava, 2007). This comprises product design, material sourcing
and selection, manufacturing processes, final product delivery to customers, and product end-of-

life management after its useful life (Srivastava, 2007).
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2.3.2.2 Green Design

Green design, also known as design for the environment or life cycle design (Glantschnig, 1994),
is a significant sub-topic to GSCM, which refers to the process of creating a product or service that
promotes environmental consciousness (Fortes, 2009). It is a substantial concept that adopts
methods which aim to produce goods and services with the least amount of environmental effect
possible (Glantschnig, 1994). Green design tools should ease the way in which design for
environment can be implemented, and designers should be able to enhance the products’
environmental features without the need to be environmental science and impact analysis experts

(Glantschnig, 1994).

2.3.2.3 Green Purchasing and Sustainability

Companies incorporate environmental criteria in their purchasing strategies, including approaches
for assessing suppliers which look at the environmental performance of the supplier and variations
in performance over the long run (Green et al., 1996). Environmental concerns as well as the high
resource consumption have triggered the need to adopt sustainable construction approaches

including the use of sustainable materials (Govindan et al., 2016).

Green purchasing is an environmentally conscious purchasing strategy that eliminates waste
sources and encourages the recycling and reclamation of acquired materials without jeopardizing
the materials’ performance requirements (Min & Galle, 2001). GSCM, according to Ojo et al.
(2014), 1s an antidote for sustainability, as it aids at decreasing costs and attaining a competitive
advantage for construction companies in Nigeria. Also, in China companies are applying GSCM

practices to achieve better performance, especially that globalization generated pressure and
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pushed Chinese firms to enhance their environmental performance while balancing economic and

environmental performance (Zhu & Sarkis, 2004).

Sustainable procurement by the public sector is being supported for different reasons including the
decrease in the environmental and social consequences, and a motivation for the private sector to
consider sustainability (Brammer & Walker, 2011). The purchasing approach followed by
purchasing professionals has been reevaluated due to the ecosystem quality problems that brought
attention to a renewed focus on environmentalism (Min & Galle, 2001). Furthermore, Shen et al.
(2017) observed that marketing benefits, market Pressure, and internal pressure in the company
are three main factors to the green procurement practice. The authors added that real estate
developers choose green procurement due to policy pressure, marketing benefits, as well as
business benefits, with the property sector being one of the major green building material

consumers (Shen et al., 2017).

Nevertheless, engaging sustainability is known to cost more, which can be a financial concern for
the majority of the public sector firms that usually have budget constraints (Brammer & Walker,
2011). A survey conducted by Min and Galle (1997) revealed that the main obstacles to successful
green purchasing are related to revenues and costs, according to the respondents’ rating to how
severe each obstacle is. These revenues and costs are presented in the form of costly environmental
programs as well as uneconomical recycling and reusing. Therefore, the authors pointed out that
the possible economic benefits of green purchasing are not entirely noticed by a lot of purchasing
specialists who also have a wrong idea about the cost of initiating and implementing green

purchasing programs (Min & Galle, 1997).
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In many cases, pollution is considered economic waste. That is because an environment that is
contaminated with dangerous substances or any other pollutants indicates an inefficient or
ineffective utilization of resources, as explained by Porter and van der Linde (1995). Consequently,
additional tasks with zero value to customers and extra cost will be carried out by the companies,
such as handling and discharges’ disposal (Porter & van der Linde, 1995). Moreover, energy and
resource savings are two major benefits of choosing green building materials over the traditional
ones (Shen et al., 2017). Energy saving is vital due to the high energy use by buildings and related

emissions (Lucon et al., 2014).

2.3.2.4 Innovation

The relation between procurement and innovation is not cognized by city officials, according to
Lember et al. (2011). Also, local authorities choose to avoid the risks associated with supporting
and encouraging innovation through public procurement (Lember et al., 2011). As mentioned by
Porter and van der Linde (1995), people are still trying to comprehend how innovation can not
only improve quality but reduce cost as well. Previously, it was assumed that the design of the
product and the processes of production were both fixed, and it was thought that better quality can
only be obtained by inspection and rework of unavoidable defects, which is costly. However, it is
now believed that defects indicate inefficiency in the product and process design, and efforts are
made in order for quality to be built into the whole process (Porter & van der Linde, 1995). At the
outset of a new technology, the involvement of central and local government could be regarded as
a facilitator for innovation processes because this might be advantageous socially and

economically (Lember et al., 2011).
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2.3.3 Evaluation Criteria Weights

2.3.3.1 Recommendations for Criteria Weights

Choosing appropriate weights for the evaluation criteria is crucial. According to Kasma (1987),
each of the three aspects of firm technical experience, past performance and reputation, and project
approach and objectives accounts for 25% of the total rating. Staffing constitutes 20%, with the
remaining 5% going to proximity (Kasma, 1987). ACEC-BC (2016) proposed having 20-40 % on
project team composition and qualifications, 30-50% on project comprehension and methodology,

and 10-30% on relevant project experience and previous performance.

2.3.3.2 Relationship between Project Characteristics and Criteria Weights

It was noted by Cheung et al. (2002) that the project type is an essential factor in determining the
weights of the consultant evaluation criteria for the reason that requirements on the design team
vary from one project category to another. The authors added that the project size also impacts the
weights, and therefore the present workload of the firm as well as the qualified staff availability
are two critical criteria in case small-size firms are willing to take responsibility for large-scale
projects (Cheung et al., 2002). However, Kasma (1987) pointed out that the firm's age or size is

not necessarily a top concern for every project.

2.4 Consultant Evaluation Techniques

2.4.1 Overview of Evaluation Techniques

Project success is measured through three main indicators: budget, schedule, and quality, where
the choice of the right architect/engineer is critical for success (Ling, 2002). To be able to choose
the most suitable consultant for a job, a multi-criteria decision-making (MCDM) technique should
be applied (Saremi et al., 2009), where MCDM indicates “making decisions in the presence of

multiple, usually conflicting, criteria” (Hwang & Yoon, 1981).
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According to Babu et al. (2006), MCDM can be classified into two main groups: Multi-Attribute
Decision-Making (MADM) and Multi-Objective Decision-Making (MODM). MADM deals with
problems that have discrete decision spaces, and a certain number of attributes are used to elucidate
different alternatives, where these alternatives are decided upon in advance. In contrast, MODM
focuses on problems with continuous decision spaces, and a mathematical programming system is
what tacitly describes design alternatives. In MADM, alternatives’ “prioritized attributes”
determine the choice of an alternative among others, whereas “prioritized objectives” in MODM
are needed to optimize one or more alternatives. An objective can also be an attribute with a

direction (Babu et al., 2006).

Several MCDM methods include data envelopment analysis (DEA), artificial neural network
(ANN) based techniques, analytic network process (ANP), analytical hierarchy process (AHP),
fuzzy methods, ELECTRE (Elimination Et Choix Traduisant la REalite — ELimination and Choice
Expressing the Reality), PROMETHEE (Preference Ranking Organization Method for Enrichment
Evaluation), simple multi-attribute rating technique (SMART), and the simplest approach that
known as the weighted sum model (WSM) (Agarwal et al., 2011). Additionally, TOPSIS
(Technique for Order Preference by Similarity to Ideal Solution), Lexicographic, and Goal

Programming are other MCDM techniques (Babu et al., 2006).

2.4.2 Introduction to Decision-Making Techniques

Babu et al. (2006) explained that approaches to estimating complicated probabilities under
uncertainty are provided by decision making theory, where the degree of uncertainty is a crucial
factor in making a decision. The decision-making rule aids at choosing the preferable alternative,

categorizing alternatives and placing them in a priority order, and ranking of alternatives (Babu et
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al., 2006). According to Jahanshahloo et al. (2006), MCDM involves several steps: creation of a
system evaluation criteria which links the capabilities of the system with the targets, formation of
alternative systems to achieve the targets, assessment of the different alternatives in connection
with the criterion functions’ significance, use of a multi-criteria evaluation technique, and finally
the selection of the most suitable alternative. However, new information should be collected, and
the process should be repeated in case there is no approval on the final solution (Jahanshahloo et

al., 2006).

Saaty (2008) clarified that the decision-making process requires measuring both tangibles and
intangibles, where many of the latter must be traded-off while making decisions. The problem
needs to be identified and the requirement for this decision as well as its objective must be explicit.
Also, the decision criteria, sub-criteria, groups impacted, and stakeholders have to be specified.
To be able to find the most suitable alternative and make the right decision, all possible choices
should be first identified. Additionally, relative priorities are essential in the decision-making
process, because a lot of primary factors are unmeasurable. Hence, knowing how relative priorities

can be obtained is necessary (Saaty, 2008).

Jahanshahloo et al. (2006) stated that while employing a multi-criteria evaluation technique, the
relative significance of each criterion should be decided upon by the decision-makers. That can
take place using criteria weights. There is no economic importance for these weights in MCDM;
however, they are of value in terms of modeling the actual decision-making features (the

preference structure) (Jahanshahloo et al., 2006).
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2.4.3 Analytical Hierarchy Process (AHP)

AHP is a very famous method introduced by Thomas Saaty and can be used to measure intangible
or qualitative criteria (Figueira et al., 2016). The three rules AHP follows are building a hierarchy,
setting of priority, and rational consistency (Macharis et al., 2004). As indicated by Saaty (2008),
in AHP, pairwise comparisons take place and experts’ judgments are essential as they are needed
to obtain priority scales, where intangibles are comparatively measured through these scales. A
scale of absolute judgments is utilized for comparisons. This scale ranges from 1 (equal
importance) to 9 (extreme importance) and reflects how much more one element dominates
another in terms of a certain attribute. In AHP, inconsistency in judgments might be found;
therefore, a problem with this method is the difficulty of measuring inconsistency and getting

better judgments which would improve the consistency accordingly (Saaty, 2008).

2.4.4 Analytic Network Process (ANP)

Thomas Saaty derived ANP from AHP, where AHP is a special case of ANP, according to Figueira
et al. (2016). In ANP, combined priority ratio scales are obtained from single ratio scales, which
describe relative measurements of the impact of interacting elements, and specific criteria
determine such interactions. Clusters of elements are dependent, and the result of this dependency

is expressed through the ANP (Figueira et al., 2016).

2.4.5 Outranking Methods

2.4.5.1 Overview of Outranking Methods

Initially, outranking methods were introduced in France in the late sixties due to the inability to
solve practical problems using the value function method (Bouyssou, 2009). Brans and Vincke
(1985) explained that outranking methods aim to improve the dominance relation of a multi-

criteria problem which is insufficient for problem solving because it relies on the consensus of
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opinions. Such improvement takes place by applying a majority principle rather than the consensus
of opinions. An outranking method comprises two phases, where an outranking relation is built in
the first phase, and this relation is utilized in the second phase to help the decision-maker (Brans
& Vincke, 1985). The outranking or preference relation is constructed among alternatives that are
assessed on different attributes (Bouyssou, 2009).

2.4.5.2 ELECTRE

The use of ELECTRE methods has taken place for Multiple Criteria Decision-Aiding (MCDA) in
several real-world decision problems in different fields such as finance, environment, water
management, agriculture, transportation, and project selection (Figueira et al., 2010). In addition,
ELECTRE methods were applied to solve several concrete problems, as mentioned by Brans and
Vincke (1985). Nevertheless, many parameters are needed in these methods, and so they are
considered complicated, where the decision-maker needs to fix their values. While some values
can be easily fixed as they have an actual economic significance, other important ones have a
technical character only, and the results are sometimes incomprehensibly impacted (Brans &

Vincke, 1985).

2.4.5.3 PROMETHEE

PROMETHEE methods are outranking methods for MCDM (Brans & Vincke, 1985). They are
modified techniques that were introduced due to the difficulties encountered in the ELECTRE
methods, as clarified by Brans and Vincke (1985). The major characteristics of these approaches
are clarity, simplicity, and stability (Brans et al., 1986) so that the decision-maker can comprehend

them easily (Brans & Vincke, 1985).

As indicated by Brans et al. (1986), a valued outranking relation is built using the concept of

generalized criterion. Also, there is an economic meaning to all the parameters to be defined, which
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allows the decision-maker to fix them with no difficulty (Brans et al., 1986). A preference index
is used to create a valued outranking graph, where this graph is used to solve the ranking problem
with the implementation of either PROMETHEE I or PROMETHEE II (Brans & Vincke, 1985).
On the group of possible actions, the former gives a partial preorder, and the latter provides a

complete preorder (Brans & Vincke, 1985).

2.4.6 TOPSIS

TOPSIS was introduced by Yoon and Hwang in the early 1980s (Jahanshahloo et al., 2006). It is
a multiple criteria technique that is used to determine solutions from a certain number of
alternatives (Jahanshahloo et al., 2006). According to Opricovic and Tzeng (2004), TOPSIS was
founded with the closeness to the ideal concept indicated by an aggregating function. In TOPSIS,
the criterion functions’ units are removed through vector normalization (Opricovic & Tzeng,
2004). It works with the principle that the distance between the selected alternative and the ideal
solution must be minimal, whereas it should be the maximum from the negative ideal solution
(Hwang & Yoon, 1981). However, the relative significance of these distances is not taken into
account (Opricovic & Tzeng, 2004). The values of the performance ratings in TOPSIS, as well as

the criteria weights, are precise with no approximations (Jahanshahloo et al., 2006).

The use of TOPSIS is well-known because it is easily applied (Velasquez & Hester, 2013). The
authors stated that “Many of the uses seen in the literature review had TOPSIS confirm the answers
proposed by other MCDM methods.” In addition, they mentioned that this technique is used to
quickly review other techniques or to perform as an individual decision-making tool. That is
because it is simple and no matter what the problem size is, the number of steps remains the same

(Velasquez & Hester, 2013).
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2.4.7 Fuzzy Logic

Fuzzy logic is a decision-making technique developed by Lotfi Zadeh in 1973 (Babu et al., 2006).
In Zadeh's publications, fuzzy logic is defined as fuzzy set-based approaches for large-scale
approximation reasoning, and approximate reasoning is a subtopic of Artificial Intelligence
(Dubois et al., 1999). According to Babu et al. (2006), fuzzy logic is used in cases where
ambiguities exist, as it is can tackle inputs that are unclear or imprecise. It is also capable of

examining and controlling complex systems (Babu et al., 2006).

Zadeh (1988) clarified that unlike the traditional logical systems where precision is crucial, fuzzy
logic works with approximations, and the logical chains are short in length. Hence, everything in
fuzzy logic is a “matter of degree.” In addition, a numerical truth value can be imprecisely
described and presented by a fuzzy truth value. Several fuzzy logic applications include a linguistic
variable as a fundamental concept (Zadeh, 1988). The linguistic terms representing the ratings are
fuzzified, which means that they are translated into fuzzy numbers, as explained by Manoliadis et
al. (2009). Then, they are combined into one fuzzy number, named the fuzzy attractiveness rating.
In the end, this fuzzy number is de-fuzzified or, in other words, converted back into linguistic
expressions. By that, a decision, phrased in linguistic terms that are understandable, is obtained

(Manoliadis et al., 2009).

Princy and Dhenakaran (2016) explained that a fuzzy number is a generalization of a real number
in that it does not link to a single number but rather to a combined set of possible values, each of
which has its own range value between zero and one, known as the membership function. The
ambiguous boundaries of a fuzzy set define it. Its membership function describes its properties

(Princy & Dhenakaran, 2016).
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Manoliadis et al. (2009) indicated that to be able to assess the importance of every single criterion
and the trends of all the different aspects (e.g., market, strategy, and technology), the fuzzy logic
technique should be employed by decision-makers having a top managerial role in the
organization. A fuzzy-weighted average calculation seems complex and is disfavored by the
managers. Computerizing this computation is required for greater accuracy as well as less

processing time and chance of errors (Manoliadis et al., 2009).

2.4.8 Choosing By Advantages (CBA)

The CBA method was developed by Jim Suhr (Arroyo, 2014). It is a structured multi-criteria
decision-making approach in which decisions are based on the importance of advantages among
alternatives (Schottle et al., 2019). The advantages are anchored to relevant facts in CBA, allowing
decision-makers to make a sound and comprehensive decision (Schottle et al., 2019). Arroyo et al.
(2012) explained that CBA demands decision-makers to first determine the advantages of
alternatives before developing their preferences. The steps in the CBA method are (1) identifying
alternatives, (2) defining factors, (3) agreeing on the must-have and desirable criteria for each
factor, (4) summarizing each alternative’s attributes, (5) determining each alternative’s
advantages, (6) deciding each advantage’s importance, and (7) evaluating cost data (Arroyo,

2014).

CBA aligns with lean thinking (Arroyo et al., 2012). It employs a well-defined vocabulary to
ensure that the decision-making process is clear and transparent (Parrish & Tommelein, 2009).
Furthermore, CBA results in fewer conflicting questions and enables stakeholders to talk about

what they value in a more detailed context (Arroyo et al., 2012).
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Karakhan et al. (2016) clarified that the inherent complexity of the CBA process was regarded as
a major drawback and that the procedure applied in the CBA tabular method is time-consuming
and complicated. In addition, CBA is incapable of assessing a single alternative because the

decision is based on a comparison between the advantages of alternatives (Karakhan et al., 2016).

2.4.9 Comparison between MCDM Techniques

Different MCDM techniques were compared in a table provided by Sen et al. (2015), which
includes the method name, author(s), application areas, advantages, and disadvantages. Some of
this information is presented in Table 2.1. For the rank reversal issue, which is a disadvantage of
the ANP method (Sen et al., 2015), it implies that when a new option is added, the ranking of the
alternatives may be reversed in some situations (Macharis et al., 2004). That can also be

encountered in AHP and PROMETHEE methods (Macharis et al., 2004).

Table 2.1 Comparison Between Different MCDM Techniques (Sen et al., 2015)

Technique Author Area Advantage Disadvantage
AHP Saaty Multi-criteria A scale that allows Inconsistencies
(1986) problem, easy pair-wise between

public policy  comparison and weight judgment and

planning, and calculation. More ranking criteria
corporate flexibility is provided
policy
ANP Saaty Decision- Independency between Rank reversal and
(1996) making with elements is not needed the number of
dependence judgment
elicitations
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Technique Author Area Advantage Disadvantage

ELECTRE Velasquez  Environmental, Vagueness and Possibility of
and Hester energy, and uncertainty are difficulty in
(2013) transportation considered explaining the
problems process and result

in simple terms

PROMETHEE  Velasquez Education, Many human No clear method
and Hester  transportation, judgments with for weight
(2013) logistics, decisions of long-term assignment

manufacturing, impact are simplified.
and assembly Alternatives’ full and

partial ranking can be

obtained
TOPSIS Velasquez  Transportation, = The number of steps  Slight complexity
and Hester logistics, does not change even if in the
(2013) energy, the number of attributes computation
manufacturing, changes

and assembly

Chakraborty (2011) provided a comparison between different methods, where AHP, ELECTRE,
PROMETHEE, and TOPSIS were included. The comparative performance of these techniques
shows that the computational time is very high for AHP, high for both ELECTRE and
PROMETHEE, and moderate for TOPSIS. In terms of the mathematical computations, they are

considered maximum in AHP, while they are deemed intermediate for the remaining techniques.
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AHP has low stability, whereas the other techniques have average stability. When it comes to
simplicity, AHP is regarded as very critical, whereas it is considered somewhat critical for the
others. The type of information, which is quantitative for TOPSIS but mixed for AHP, ELECTRE,

and PROMETHEE, is the last point of comparison (Chakraborty, 2011).

2.4.10 Applications of Multi-Criteria Evaluation Techniques

AHP was the technique adopted by Cheung et al. (2002) for consultant assessment. The generally
used consultant selection criteria were specified through a questionnaire survey, and the weight of
each criterion was obtained from projects with the same characteristics, which were then used to
construct multi-criteria models. Accordingly, the Architectural Consultant Selection System
(ACSS) was a computer program developed to systematize the evaluation process (Cheung et al.,

2002).

Another questionnaire survey, including different consultant evaluation criteria, was prepared by
Ng and Chow (2004) to get assistance from experts on the significance of each criterion, and
accordingly, criteria weights were decided upon. The development of a multi-criteria model to
assess the consultant’s performance took place using the Multi-Attribute Value Technique
(MAVT), where the scores of consultants can assist clients in the evaluation process. In addition,
these scores can be beneficial not only for pre-selection and bid evaluation but for technical

evaluation, incentive and sanction, and monitor and control as well (Ng & Chow, 2004)

To enhance the process of evaluating the performance of a consultant, a fuzzy gap analysis model
was developed by Chow and Ng (2007). This model provides evaluators with a comparison
between what the client desires and the quality of what has already been done by the consultant to

identify the gap. Previous research was used to specify the criteria concerned with the design phase
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of a project, with a minimum of one quantitative indicator for each criterion. The performance
level for each quantitative indicator was obtained from evaluators via an empirical survey (Chow

& Ng, 2007).

Manoliadis et al. (2009) used fuzzy logic along with the regular Delphi method to enhance the
classic QBS approach. The assessment of experts is used by the fuzzy Delphi method (FDM) to
determine the factors and their weights, where the bidders are evaluated via a fuzzy attractiveness

ratio to find out whether they are convenient for the job or not (Manoliadis et al., 2009)

For an effective TQM program to take place, the consultants’ assessment is crucial (Kabir & Sumi,
2014). Saremi et al. (2009) explained that in small and medium-sized enterprises (SMEs), the
consultant plays a major role in the proper implementation of a TQM program. TOPSIS was used
in a fuzzy environment to establish a standardized way for consultant selection. Evaluation criteria
were provided by the nominal group technique (NGT). The study concluded that TOPSIS is more

suitable for this type of problem in comparison with other MCDM techniques (Saremi et al., 2009).

Fuzzy analytical hierarchy process (FAHP) and PROMETHEE, were combined by Kabir and Sumi
(2014) to develop a decision support tool to carry out the consultant evaluation and selection
process in a systemized way. Criteria and sub-criteria weights were computed by the former
method, whereas the criteria aggregation and rating of other possibilities were performed by the
latter. After that, a geometrical analysis for interactive assistance (GAIA) plane was created to
visualize different alternatives and criteria. It also assists in examining the strengths and
weaknesses of these alternatives. An advantage of this decision support system is that there is no
limitation in the amount of quantitative and qualitative attributes it can deal with at the same time

(Kabir & Sumi, 2014).
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Regarding DB projects, a model was developed by Ling et al. (2003) to help contractors decide on
the most suitable consultant. A questionnaire was carried out to determine the necessary attributes
needed to build the consultant selection model. Subsequently, the MAVT was applied in the model,
where each design consultant gets an overall score, and the most appropriate consultant for the
project would be the one with the highest score. Furthermore, not only the total score was
computed but the individual score of each attribute as well. By that, a detailed evaluation of the

strong and weak points of each consultant could be obtained (Ling et al., 2003).

Another study for DB projects was carried out by Ling (2002), where the attributes, which have
an impact on the performance of the consultant, were specified. A questionnaire was then
conducted to gather experts’ opinions on the significance of each attribute. After that, a multiple
regression model was designed to assist contractors in forecasting the architect/engineer’s
performance in DB projects. The performance scores, computed by the model, were compared to

those provided by the DB contractors (Ling, 2002)

Boer et al. (1998) suggested that outranking methods can be an appropriate decision-making tool
for supplier selection and can deal with quantitative and qualitative criteria. They explained that
the ELECTRE I method considers indetermination and imprecision and that the lack of
determination and precision can be tackled more subtly by using extensions such as ELECTRE III
method. The criteria, criteria weights and the required information are not dictated by the
outranking models, as these models only provide guidance on how to make these aspects clear. An
application to these methods can be the use of an ELECTRE I model without much information
and time to minimize a big list of suppliers into a smaller list that includes the good ones, and after

that, an ELECTRE III model can be utilized to reach a final decision (Boer et al., 1998).
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A fuzzy-AHP-TOPSIS model was developed by Wittstruck and Teuteberg (2012) and can be
computerized simply by using MS excel or another software. It serves as a comprehensive way
and decision-making tool for choosing recycling partners with an emphasis on environmental,
social, and financial factors. The model is able to accommodate both tangible and intangible
factors. The integration of AHP with fuzzy logic decreases the assessment bias that takes place in
pairwise comparison. In addition, the calculation of the criteria’s relative significance, as well as
the determination of the partner firm which fulfills the criteria best, is carried out by TOPSIS

(Wittstruck & Teuteberg, 2012).

Decision-making techniques can be used not only for consultant selection but for other applications
as well such as choosing sustainable construction materials. For instance, Govindan et al. (2016)
constructed a hybrid multi-criteria decision-making model, applying TOPSIS and DANP
(DEMATEL-based Analytic Network Process; DEMATEL: Decision Making Trial and
Evaluation Laboratory) methods, and used sustainable indicators to assess the most appropriate

sustainable construction material in a region of the United Arab Emirates.

2.5 Summary and Research Gap

2.5.1 Limitations of Previous Work

Although several models were constructed in different studies to aid in the consultant selection
process, some limitations of these models exist. For instance, Cheung et al. (2002), who used AHP,
considered only four specific factors to be having an impact on determining the criteria weights.
These factors are the nature of the client, firm size, project type, and project size. Also, data groups,
which were formed based on the characteristics and the four previously mentioned factors, were

not all analyzed by the model. Additionally, the designed model was intended for the private sector
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only (Cheung et al., 2002). Another example is for a study conducted by Kabir and Sumi (2014),
who used FAHP with PROMETHEE; limitations lie in the need to include detailed criteria as well
as sub-criteria of an organization, which are required for assessing consultants to obtain a more

reliable decision.

For the approach used by Wittstruck and Teuteberg (2012), who developed a fuzzy-AHP-TOPSIS
model for partner selection, a shortcoming is due to the rank reversal problem. Belton and Gear
(1983) observed this issue in AHP, whereas De Keyser and Peeters (1996) noticed this in
PROMETHEE. In addition, two other limitations of Wittstruck and Teuteberg’s (2012) model are
related to time. Since the evaluation matrices are assessed manually, it takes a lot of time and is
liable to errors. The other time-related issue is also method-related, since in AHP, in comparison
with cost-utility analysis, a lot of time is needed in the process of pairwise comparison of criteria,

and the number of comparisons increases as the number of criteria increases (Wittstruck &

Teuteberg, 2012).

For a model designed by Ling et al. (2003), it is restricted to selecting design consultants by DB
contractors. This is because the viewpoint of construction clients or the requirements by other
procurement system types may differ, and accordingly the selected consultant may not be the same.
The same study also pointed out the importance of considering a qualitative strategy along with
the quantitative one, which is adopted by the model, because the design is of contextual nature.

Also, consultants with no past experience cannot be assessed (Ling et al., 2003).
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2.5.2 Filling the Research Gap and Choosing a Suitable MCDM Approach

For a proper consultant evaluation and selection process to take place, the price factor should be
eliminated. There is a need for the development of a comprehensive set of evaluation criteria and
sub-criteria to systemize the process and solve the issue of inconsistency in the choice of different

criteria.

Saaty (2008) clarified that when objectivity is the norm, using judgments has been regarded as a
dubious practice. However, even when numbers are taken from a standard scale and are considered
objective, their interpretation is always subjective (Saaty, 2008). In addition, Cheung et al. (2002)
explained that in many countries high subjectivity is included in the decision-making process for
consultant selection. As a result, it can be inferred that subjectivity is the primary issue in the
decision-making process, and that there is a lack of a decision-support tool that objectively assesses

the consultant evaluation criteria in a fair and transparent manner to produce credible judgments.

Every multi-criteria decision-making approach has benefits and drawbacks. What is crucial is to
figure out which approach is best for the situation at hand. Hence, fuzzy TOPSIS is found to be a
useful approach for this type of problem, which is the evaluation and selection of consultants. For
TOPSIS, as explained by Yang et al. (1996), its input data are the decision matrix and the
attributes’ relative weights. The alternatives in TOPSIS are being ranked in a simple and
systematic way, and it permits direct compensation among attributes with no limit (Yang et al.,
1996). Similarly, I¢c (2012) highlighted the simplicity of TOPSIS and the fact that it has the
capacity to provide an unambiguous preference order. Regarding fuzzy logic, it can deal with
linguistic variables and is often used in conjunction with other techniques such as AHP or TOPSIS.

According to Velasquez and Hester (2013), fuzzy sets deal with imprecise input and lack of
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information. Because of the appropriateness of fuzzy numbers and fuzzy values for representing
ambiguous information, they are frequently utilized in engineering applications (Boukezzoula et
al., 2007). Velasquez and Hester (2013) indicated that deficiencies found in certain multi-criteria
decision analysis methods are addressed by combining different methods, which will take place in

this research by implementing a hybrid fuzzy TOPSIS approach.
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Chapter 3: Development of the Conceptual Model of the Decision Support System

3.1 Introduction

The objective of this research is to develop a decision support system to assist owners in selecting
the most competent consultant for a given project. This tool aims to minimize subjectivity and bias
in the evaluation process while also systematizing it to make it more reliable, transparent, and

objective.

To create the decision-making model, industry practices and literature were studied, as illustrated
in Figure 3.1. Industry practices are documents (e.g., RFPs) used by different public owners in
Alberta to evaluate and select consultants. The model adopts the QBS approach and includes a
standard set of criteria and sub-criteria, with weights. Factors like environmental and innovation
level are considered in the model; these factors are generally not given much attention, as they are
hard to define and measure. Pre-evaluation inquiries were also added, which should be answered
prior to the thorough evaluation process. The model was validated by a panel of experts who are

industry practitioners.
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Figure 3.1 Methodology for Theoretical Model Development
38



3.2 Analysis of the Current Practices

A sample size of 85 client documents was investigated, including RFPs, negotiated request for
proposals (NRFPs), and request for standing offers (RFSOs). The criteria and sub-criteria, as well
as the weights allocated to them, were thoroughly investigated in these documents. Seven RFP
documents (8.24%) were then excluded since five of them did not provide any criteria weights,

and the other two RFPs only contained proposal requirements with no specific criteria.

A request for qualifications document (1.18%) was also excluded since it only included
requirements. In addition, five documents (5.88%) were eliminated because they were either
request for expressions of interest or request for quotations, which solely included criteria related
to firm and project team credentials, demonstrated capacity, potential for relevant innovation, etc.;
project specific criteria like the understanding of the project and proposed methodology were not

found in these documents because they are not required at that stage.

An RFP (1.18%) was the last document to be discarded, since it had criteria weights that were
considerably different from those in the other studied documents. Firm experience and
qualifications, for example, were given a 7% weighting, with firm profile (4.85%) and future
direction (2.15%) as sub-criteria. Risk management received 1.15%, while financial management
received 1.60%. This document was deemed an outlier that might have an impact on the results,

therefore it was removed. As a result, the final sample size is 71 client documents instead of 85.

Figure 3.2 shows a portion of the excel table that was built to collect all criteria and sub-criteria
found in the 85 documents studied, along with their weights. Since the developed excel table is
quite big to be displayed in its entirety, only part of it is presented. Document number is just a

unique identifier assigned to each document. Each criterion was given some comments (the red
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markings beside the numbers), which included the criterion breakdown and/or description, which
was later utilized for additional analysis. Furthermore, the symbol "X" in the same figure denotes
that the criteria or requirements were mentioned in the document with no weight assignments,
whereas "P/F" indicates a pass or fail decision with no weight. The overall weight of criteria in
each document is 100%, and if no weights are specified in the document, it is represented as 0%.
Certain essential sub-criteria were separated from the major ones in case they were regarded as
sub-criteria in the documents (e.g., risk management). This was done so that they could be
analyzed and to see how many documents accorded them importance and assigned an individual

weight for each one of them.
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Figure 3.2 Preliminary Analysis for the Criteria and Sub-criteria in the Dataset
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Since QBS is the procurement method being investigated, the price criterion was removed from
the documents that use it for evaluation and its weight was divided among the other criteria in the

same document. For price distribution, Equation 3.1 was used.

100

W= Wo 50— p

(3.1)

Where w represents the criterion’s new weight, wy, is the criterion’s original weight, and p denotes

the price criterion’s weight.

Following the same principle as the price criterion, the weight of the interview criterion was added
to the other criteria weights. Only three documents out of 71 had an interview criterion, one of
which was optional. Instead of eliminating the price and interview criteria, their weights were
distributed across the other criteria so that all documents could be compared evenly with a total

weight of 100% for each.

After the preliminary analysis, a new table was created using the final sample size of 71 documents,
similar to the one shown in Figure 3.2. To reduce the overall number of evaluation criteria, relevant
criteria were grouped in the new table. For instance, all aspects related to the firm, such as relevant
projects and experience, as well as local experience, were combined into a single criterion called
firm credentials. In addition, as explained in the next section, some assumptions and considerations

were made.
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3.3 Assumptions and Considerations

Assumptions and Considerations arose primarily because of the documents' lack of information

and criteria descriptions, with the purpose of developing a standard set of evaluation criteria. The

following are these assumptions:

1. General assumptions:

In case the interpretation of a criterion was not provided in a document, it was given
the same description found in another document (e.g., project control and

organization).

If the description of a major criterion had two different aspects that needed to be
separated, the criterion was split into two sub-criteria with equal weights. This was
the case with project control and organization, which included schedule and
presentation layout of all key personnel. Hence, the former was added as part of the
technical requirements, whereas the latter was included under the project team

credentials.

2. Technical criteria-related assumptions:

According to the documents, a criterion like project comprehension and methodology
was either merged into one criterion or separated into two. When just project
comprehension was specified and no methodology requirement was found, project

comprehension was considered to cover both comprehension and methodology.

For innovation and value-added services, if one of the criterion's components was

missing, the criterion was still deemed to include both.
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3. Managerial and Organizational criteria-related assumptions:

e If the experience criterion had a broad name (e.g., relevant project experience or
experience) and did not specify whether it was required for the firm or the project
team, and the same document already had a separate criterion for team credentials,
the experience criterion was only considered for the firm. It was added in this case as

part of the firm credentials’ criterion.

e Ifthe firm and team credentials were defined as a single criterion, and the document
did not discuss any other criteria for the firm or team (or only contained local
experience), the weight of this criterion was divided equally between the firm and

team credentials.

e When the team's skills and experience were required in the previous project examples
that the firm should provide, they were considered part of the firm credentials if the
document already contained another criterion for the team. They were, however,
considered for both the firm and the team if no specific criterion was mentioned in

the document for the latter.

e Past performance was combined with the firm credentials in case the former was
found as a separate main criterion. That is because past performance is part of the

firm experience and qualifications.

e References were regarded part of the firm credentials criterion if they were found as

a separate main criterion in a document.
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e Instead of being a distinct criterion, local experience such as familiarity with the

existing infrastructure of the town was treated as part of the firm credentials.

e Sub-consultants' qualifications, experience, and resumes were presumed to be part of
the proposed project team if there was no description supplied for the proposed
project team criterion in general, or if the description did not include sub-consultants.

That is applicable if there will be any sub-consultants working on the project.

3.4 Identification of the Important Evaluation Criteria and Sub-criteria, and Weights

3.4.1 The Three Major Criteria Groups

Descriptions of the criteria differ between the documents and factors like schedule, risk, and
communication were not always given separate weights; hence, it was difficult to perform
statistical analysis for all the criteria and sub-criteria. For example, innovation and value-added
services had an individual weight in only 20 documents out of the 71, which accounts for 28.17%
only. Only once was a separate weight assigned to the cost control approach, and no weight was

allocated particularly to environmental considerations in any of the documents.

To be able to compute the average weights utilized in all the documents, criteria at a higher level
had to be employed. Hence, if there were any, evaluation criteria that belong to the same category
were grouped. As a result, as shown in Figure 3.3, the three most significant groups of criteria
were identified: (1) project comprehension, methodology and management systems, (2) firm

credentials, and (3) project team credentials.

From the statistical analysis of the documents, project comprehension, methodology, and
management systems account for an average of 47% of the total weight and include all the
technical aspects and project management systems that are needed for evaluation. The firm
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credentials had an average weight of 25% and covers the firm qualifications, relevant experience,
and past performance through relevant project examples, etc. For the credentials of the proposed
project team, having a 28% average weight, it comprises both the proposed project leader and team
and requires a description of the key team members, with their skills, education, relevant project

experience, etc.

Figure 3.3 Distribution of Evaluation Criteria Weights in the Dataset

3.4.2 Proposed Criteria Breakdown Structure

Criteria for consultant evaluation were divided into two main categories: (1) technical criteria and
(2) managerial and organizational criteria, as shown in Figure 3.4. The proposed division of the
project comprehension, methodology, and management systems' weight (i.e., all the technical
criteria), which is 47%, is 27% on the project comprehension and methodology, and 20% on the
quality and project controls. The firm credentials and the project team credentials were added

together under the managerial and organizational criteria, with a total weight of 53%.
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Figure 3.4 Hierarchal Classification of Evaluation Criteria

3.4.3 Detailed Description of Criteria and Sub-criteria

All the essential criteria and sub-criteria were extracted from the documents to create a standard
set of criteria that clients can use to assess consultants in different projects. The aim is to include
the "project management knowledge areas" as termed by PMBOK Guide (2013). The number of
the knowledge areas is ten, as illustrated in Figure 3.5; however, the aspects that are applicable at

the procurement stage of consultant selection were the only ones considered.

None of the documents in the analyzed dataset gave importance to all the project management
systems. Documents that focus solely on the schedule, for example, ignore other critical factors
such as quality, communication, and risk. Other documents state project comprehension and

methodology in general without all the necessary details.
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Figure 3.5 Project Management Knowledge Areas, as described by PMBOK Guide (2013)

3.4.3.1 Project Comprehension and Methodology

For the project comprehension and methodology (27%), it comprises sub-criteria related to the
overall understanding of the project scope and the proposed methodology, as described in Table
3.1. For example, part of the project scope management knowledge area is covered in this research,
since the process of defining the scope involves the development of a detailed description of the

project and the product (PMBOK Guide, 2013).
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Regarding project communications management, PMBOK Guide (2013) explained that planning
communications management is the process that involves the development of a proper
communication plan. This plan should be in accordance with the needs and requirements of the
stakeholder’s information as well as the available organizational assets (e.g., procedures and

processes, and knowledge base of the corporate) (PMBOK Guide, 2013).

Two other knowledge areas, which are part of the project comprehension and methodology
criterion, are project stakeholder management and risk management. For the former, identifying
stakeholders and planning stakeholder management processes (PMBOK Guide, 2013) are both
considered in a sub-criterion named stakeholder identification and engagement strategy. Risk
management is addressed by identifying different risks and proposing a mitigation approach for
each one. A knowledge area like procurement management was not included because it was seen

to be suitable for evaluating contractors rather than consultants.

Although safety and environmental factors are not part of the project management knowledge areas
and are not considered as evaluation requirements in many of the analyzed documents, they are
major factors. Choudhry et al. (2008) stated that health, safety, and environmental management
systems are being implemented by several construction companies to eliminate illness, decrease
injuries, and provide a safe work environment on sites. The authors also added that the growing
importance of the health, safety, and environmental management issues are not only in the daily
construction firm’s operations but to all people in society as well (Choudhry et al., 2008). Thus,
the inclusion of these management systems at the very early stages of a project is crucial not only
by contractors but also by consultants. Accordingly, the related safety and environmental sub-

criteria should be part of the consultant evaluation process.
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The last project comprehension and methodology aspect is related to innovation, creativity, and
the consideration of services that can add value to the project and should be necessary for
consultant selection. One way to consider this factor is by the inclusion of new techniques that can

help in improving design and/or construction services.

3.4.3.2 Quality and Project Controls

The success of project management relies on the accomplishment of quality, time, and cost
objectives successfully and how the project management process was carried out (Baccarini,
1999). Hence, project managers devise policies for controlling quality, cost, and schedule to
measure the success of a project (Hormozi & Dube, 1999). These three aspects form what is known
as the iron triangle (Atkinson, 1999), as illustrated in Figure 3.6. Hence, the three are considered
a separate major group of criteria, with a recommended total weight of 20%. In addition, PMBOK
Guide (2013) gave importance to each of the three aspects by assigning a separate knowledge area

for each one.

Figure 3.6 The Iron Triangle (Atkinson, 1999)
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As described by PMBOK Guide (2013), “Project Quality Management uses policies and
procedures to implement, within the project’s context, the organization’s quality management
system.” Accordingly, it is necessary that the consultant includes the Quality Assurance/Quality
Control (QA/QC) procedure of the firm and how it will be beneficial for that project. In addition,
an approach for resolving disputes and/or conflicts is essential as it is deemed to have an impact

on the project quality.

The project time management processes take place for managing the timely project completion
(PMBOK Guide, 2013). Hence, at the procurement stage, the consultant should be asked to provide
a logical task-based schedule as well as an approach to controlling this schedule. For cost control,
a cost control approach is required to describe how the consultant costs will be managed

throughout the project.

3.4.3.3 Firm Credentials

The consulting firm's experience, expertise, and proven past performance are all significant factors
to consider when determining whether the firm can carry out the work. Even if the firm is qualified
in terms of the technical aspects such as the proposed project management plans, assessment for
the credentials of the firm should be conducted. For instance, the firm needs to provide three
relevant detailed project examples, including client references. In addition to these project
examples, Table 3.1 includes additional essential sub-criteria, even though they were not often

observed in the studied dataset.
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3.4.3.4 Project Team Credentials
The credentials of the proposed project team are vital in the choice of a proper consultant for any
project, no matter what the characteristics of the project are. According to PMBOK Guide (2013),

project human resource management is one of the project management knowledge areas.

To stress the significance of the project manager or leader, it is included as an individual factor
with its weight, rather than being included as part of the project team description. Some of the
reviewed documents assigned a separate weight for the project leader, with a weight that is higher
than that of the entire project team in one of these documents. A project leader is like the “captain
of the ship”, the greater the leader’s technical skills, project management skills, and relevant

project experience, the higher the chances of project success.

Key requirements for project team members such as the project organizational chart, level of
involvement of team members, professional accreditation, qualifications, and relevant project
experience are included in Table 3.1. Sub-consultants must be identified, and their qualifications

indicated if they are to take part in the project.

The chemistry between team members, as well as their previous performance as a team, can have
a significant influence on the project and predict how well it will perform. As a result, a sub-
criterion pertaining to this subject is considered, including relevant project examples

demonstrating their previous collaborative work.
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Table 3.1 Proposed Criteria, Sub-criteria, and their Weights

Criterion and Criterion Weight % Sub-criterion Weight %
Project Overall Proposal quality; proposal detail, presentation, and completeness 2
Comprehension  Understanding of the
and Project Scope and ~ Goals, objectives, and tasks comprehension including comprehension of 4
Methodology Proposed the roles and responsibilities
27 Methodology
10 Detailed specific description of project approach (work plan) including 4
but not limited to:
* Integration of cross-disciplinary perspectives
* Integration of sub-consultants or specialists’ services
* Included, excluded, and optional services, and those provided by others
Communications and Project communication plan including but not limited to: 3
Stakeholder * Project team communication
Management * Decision documentation strategy for decisions affecting stakeholders
5 and adjacent projects
« Status update reporting frequency
Stakeholder identification and engagement strategy 2
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Criterion and Criterion Weight % Sub-criterion Weight %
Risk Management  Key issues, challenges, and risk identification (classified by quality, 3
3 safety, schedule, cost, etc.) and proposed mitigation plan for each risk
Safety Management  Safety program of the firm and its implementation and effectiveness in 3
3 this project
Environmental Environmental management system of the firm and its implementation 3
Management and effectiveness in this project, as well as environmental impact and
3 sustainable low impact design considerations
Innovation and New techniques or technologies that can result in, but are not limited to: 3
Value-Added * Improve design or construction services
Services » Add value to this project with regard to cost, schedule, or product
3 (e.g., technical, design, and project delivery innovation, as well as
creative problem solving)
Quality and Quality Control QA/QC program of the firm and its implementation and effectiveness in 6
Project Controls 8 this project
20 . . .
Dispute/conflict resolution methodology 2
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Criterion and Criterion Weight % Sub-criterion Weight %
Schedule Control Logical work breakdown structure/task-based schedule that includes all 4
8 phases, with key stages and critical path(s)
Schedule control approach 4
Cost Control Cost control approach; detailed plan for managing consultant costs 4
4 through possible project phases
Firm Firm Qualifications  Overview of the organization including firm profile, work history, 4
Credentials 8 general qualifications, and achievements' record of the firm (e.g.,
25 previous project awards/recognition in the past five years)
Approaches to lessons learned and knowledge sharing inside the firm 4
Firm Relevant Three relevant projects the firm has completed in the past five years (5% 15

Experience and Past
Performance

17

per project) including but not limited to the following:
* Description of the project scope, consultant role in the project, project

duration, and year completed

55



Criterion and Criterion Weight %

Sub-criterion

Weight %

* Details about planned vs actual budget and schedule, and reasons for
variances

* Lessons learned

* Innovation in design and/or project delivery

* Challenges related to design, construction project delivery and/or
methodology, and overcome approaches

» Effective communication with clients, stakeholders, as well as the
public.

* Key project team members' roles in these projects who are proposed for
this project

¢ Client references

Ability to create long term relationships with clients; one example
showing firm experience in developing working relationships with clients
in projects of similar nature/type, including but not limited to:

* Nature and length of this relationship

* A list of completed projects with this client

* Client reference
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Criterion and Criterion Weight %

Sub-criterion

Weight %

Project Team Project Leader
Credentials 10
28

Project Team

18

* Technical and project management skills

 Experience in similar projects including three relevant project examples
to demonstrate successful management of similar projects

* Client references

* Resume

Project organizational chart showing roles and responsibilities of key
team members. Description of team members includes:

* Main team description; a cross-functional team with all the needed
disciplines

* Main contact point

* Resources allocated for communications and stakeholder engagement.
* Level of involvement and availability of team members during each
project phase

* Roles of sub-consultants (if any) and their integration in the team

Education and experience of team members include:
* Education, provincial registration/professional accreditation,

achievements, skills, and proven qualifications
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Criterion and Criterion Weight % Sub-criterion Weight %
* Relevant experience of key team members
* Sub-consultants (if any) qualifications and relevant experience
* Resumes for key team members and sub-consultants
 Team previous collaborative projects, with successful completion of at 6

least two relevant projects, and client references
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3.4.4 Experts Validation of the Conceptual Framework

The proposed criteria breakdown structure shown in Figure 3.4, as well as the detailed criteria and
sub-criteria presented in Table 3.1, have been validated by a panel of experts consisting of three
industry practitioners. The experts agreed that the proposed criteria breakdown structure is

reasonable from the perspective of a consulting engineer.

3.5 Project Templates

A consultant who is the most qualified for one project might not be the best choice for another. As
a result, proper consultant selection should consider not only the credentials of the consultant but
also the features and requirements of the project. The weights presented in Table 3.1 are
recommended for typical projects; however, these weights can be adjusted according to the
demands of the project. For eco-friendly projects, for example, a high level of environmental
considerations is necessary to minimize any harm to the environment, implying that the weight of
the environmental management criterion should be greater than that in typical projects. The same
concept can be followed with other criteria such as increasing the weight of the innovation and

value-added services criterion for highly innovative projects.

3.6 Pre-evaluation Inquiries

3.6.1 The Underlying Concept Behind the Pre-Evaluation Inquiries

Pre-evaluation inquiries are yes/no questions that will be asked to the decision-maker prior to
consultant evaluation to assess whether the consultant is eligible for evaluation or not. The general
idea behind these questions is that some of the evaluation criteria are seen to be not suitable as
criteria that compare and differentiate between consultants. That is because if some consultants do
not fulfill these requirements, there should not be any time or effort spent on their evaluation, as

this means that they are not qualified for such an evaluation.
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Donabedian (1981) mentioned that “Criteria-Medical care criteria are predetermined elements
against which aspects of the quality of medical service may be compared.” By applying the same
concept for assessing consultants, medical care criteria shall be the consultant evaluation criteria,
and the quality of architectural and engineering services offered by different consultants will be
compared instead of that of medical services. Hence, pre-evaluation yes/no questions are points
that cannot be considered as criteria but rather conditions with requirements that need to be

fulfilled by consultants so that they can be considered for evaluation.

Converting some of the criteria into pre-evaluation inquiries will be beneficial in terms of reducing
the number of evaluation criteria. In other words, if there are many criteria involved in evaluating
consultants, there is a probability that all consultants will have almost the same overall score in
the end. That is because the criteria weights, which have a total equal to 100%, will be distributed
over a larger number of criteria if more evaluation criteria are considered. Therefore, the yes/no
questions that will be asked before the evaluation will not only reduce the number of consultants
that will be evaluated but also will help in decreasing the number of criteria and focusing only on

specific ones during evaluation.

3.6.2 Firm Capacity

Capacity was found in three RFP documents as part of the requirements for the capacity of the
proponent. "Capacity includes sufficient qualified staff, resources, and expertise," as described in
one of these documents. However, the capacity of the consultant should be checked at an earlier
stage, not just for the short-listed consultants who reach the detailed evaluation stage. Ng and
Skitmore (1999), in their description of some contractor prequalification criteria, stated that the
capacity of work means that the “Contractor has too much work at any one time.” Thus, whether

the contractor or consultant has a current work overload, they should not be evaluated. The
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question here is as follows: “does the consultant have sufficient resources allocated for this

project?”.

3.6.3 Firm Stability

The strength and stability of the firm were found in an RFP document. Also, the proponent’s
financial ability was mentioned as an evaluation factor in two RFP documents. These were
discussed by Ng and Skitmore (1999) in the form of two separate contractor prequalification
criteria, which are financial stability and firm stability. The authors mentioned that the former
indicates the past, present, and future financial status of the contractor, whereas the latter is
checked by whether the firm is going through bankruptcy proceedings or not (Ng & Skitmore,
1999). Both criteria are considered to have the same meaning; accordingly, “are the past, present,

and future financial status of the consultant stable?” is the question to be asked.

3.6.4 Relevant Experience

There is no doubt that the relevant experience of the consulting firm and the team proposed to
work on the project should be considered as evaluation criteria. Whether the firm has been in
business for a long time or not, it should not be evaluated if it had not performed similar work
before. Therefore, “does the consultant have proven experience in similar nature, scope, and
complexity projects?”” should be the question asked in advance. In case the answer is yes, and the
consultant passes all the other questions, detailed relevant project examples will then be requested

as part of the detailed evaluation.

3.6.5 Client-Consultant Relationship
The previous working relationship between the client of the new project and the consultant was

included as an evaluation factor in two RFPs. However, if the answer to “is the client-consultant
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previous working relationship satisfactory?” is no, or there is no chemistry between them, then

they should not be working together again.

3.6.6 Referees

Although the consultant will be asked for client references for the relevant project examples that
are required as an essential part of the evaluation, the reputation of service to previous clients, in
general, should be checked earlier. Reputation was requested in two RFP documents. ACEC-BC
(2016), in their description of the proposed evaluation criteria for the request for qualification,
asked whether the reference person would work with this consultant again or not. Similarly, Ng
and Skitmore (1999) asked the same question as an explanation to a contractor prequalification
criterion named reputation. It is, therefore, suggested to contact two clients; the related question is

“would the two referees work with the consultant again?”.

3.6.7 Health and Safety Record

The health and safety record, along with the history of claims of the firm, form one evaluation
factor, as found in two documents. In addition, five other documents included safety as a pass/fail
qualification or prequalification. According to the description provided by Ng and Skitmore
(1999), health and safety can be measured through the health and safety record on previous projects
as well as the availability of health and safety measures. “Is the health and safety record of the
consultant on previous projects acceptable?” is the question to be asked before evaluation. If the
consultant becomes qualified for evaluation, by getting a yes in this pre-evaluation question, safety

will be further evaluated through the safety management criterion described in Table 3.1.
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3.6.8 Claims Record
For the history of claims, “does the consultant have a record of unjustified claims in past projects?”
is the question derived from Ng and Skitmore’s (1999) description of the claims and contractual

disputes. This was also found in two RFP documents.

3.6.9 Failed Contract

According to Ng and Skitmore (1999), the ten most important contractor prequalification criteria
include the failed contract aspect. Using the authors’ explanation to this criterion, the following
question is considered for consultants: “has the consultant failed to complete a contract, had a
recent termination of a contract by the client, or had withdrawn from a contract prematurely?”,
(Ng & Skitmore, 1999). Although it was not found in the analyzed dataset, it is deemed necessary

to include it as a yes/no pre-evaluation question.

3.7 Limitations in the Dataset

3.7.1 Absence of a Standard Set of Criteria

From the analysis of the documents, it was found that the main criteria, sub-criteria, and their
weights differ from one document to another. There is a lack of “must be used” evaluation criteria.
Regarding the technical aspects, one RFP document, for example, did not mention any criteria
related to the understanding of the project and its requirements, as well as the methodology for
delivering quality projects on schedule and budget. The document just focused on the relevant
experience and qualifications of the firm and team, as well as the availability and capability to

meet the assigned work requirements.

Another RFP document also focused mainly on the managerial and organizational criteria. It did

not ask for the project comprehension and proposed project methodology; however, the schedule
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and the quality assurance process were the only two technical aspects required as part of the
evaluation. Similarly, another document paid more attention to the firm and team credentials,

where the schedule was the only technical criterion involved.

Furthermore, a significant criterion like environmental policies was rarely required by the
documents. Although its importance varies according to the project characteristics, it should
always be involved in the evaluation process, where its weight differs based on the nature of the
project. The same issue was encountered with the cost control factor, which was often not
considered, although it should be essential to include a described approach for managing and

controlling the costs.

It is reasonable to conclude that the described issue was not limited to one or two criteria; it was
of a common occurrence. Some documents focus on technical criteria that other documents may
overlook, either partially (i.e., only stated as part of a criterion's description) or completely (i.e.,
not addressed at all). This was the case for several critical criteria, including communications
management, stakeholder management, risk management, and innovation and value-added
services. In some documents, in the managerial and organizational category, firm credentials were

not required, which should not be valid.

The weights of the criteria and sub-criteria had the same issue, with some documents combining
various sub-criteria with a single weight for all. It was also discovered that the weight of a single
criterion might change considerably from one document to the next. For example, the weight of
the schedule factor in a document was more than three times that in another document. In addition,
even though the criterion related to the proposed team credentials is essential, it was given zero

weight in a document.
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3.7.2 Insufficient Descriptions of Criteria

The explanation of the requirements under each criterion, whether through a description or by
providing a breakdown (i.e., sub-criteria), was sometimes not enough. The lack of information
provided under a criterion increases subjectivity in the evaluation process because the decision-
maker, in this case, would not have enough details to be able to assess the consultant properly. For
instance, in a document, 40% of the total weight was allocated to a criterion named proposed
services and mentioned what was needed for the evaluation of this aspect in just a few words, with
no breakdown for the weight. The two requirements under this criterion were providing a basic
summary of the services being proposed as well as listing the tasks and timelines. In another
example, in a different document, experience and comparable projects were requested without
even stating how many project examples are required or what should be covered under those

project examples.

Given the criteria’s descriptions in some documents, some of the questions would be the following:
how would the client, for example, evaluate a total of 30% on detailed work program, project
control and scheduling with no weight division? How would the client manage the subjectivity,
and would the client be able to assess all proponents equally and fairly without a criterion
breakdown or even a sufficient description? Would that mean that the longer and deeper the
explanation of the consultant is the better, or would the client prefer if it is shorter and straight to

the point?

3.7.3 Combination of Dissimilar Criteria
Merging criteria that should not be added together was another major concern. An example of that
was found in a document that included establishing a proper team under the project comprehension

and methodology criterion, although there is already another criterion for the proposed project
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team which asked for a description of the key team members. Similarly, another document had
proper resources and fees allocation for the project as a sub-criterion under the project
comprehension and methodology, even though the suitability of the project team members could
be evaluated through their experience and education, which was already a requirement in the

document.

Furthermore, two other documents added the QA/QC procedure of the firm with the project team,
which should not be correct as it should be part of the technical requirements under the project
comprehension and methodology. Project comprehension and work history were once included
together, where the latter should be part of the firm experience and capabilities criterion mentioned
in the document. Also, a document combined both project comprehension and firm profile in one
criterion. Although this criterion was broken down into two sub-criteria with a separate weight for
each one, the name of the criterion should not include both aspects together. Hence, criteria or sub-
criteria that do not belong to the same category should not be added together even if they have

different weights.

3.7.4 Duplication of Evaluation Requirements

In some situations, an evaluation requirement was repeated under two separate points in the same
document. This problem was discovered in two documents for the project comprehension and
methodology criterion, with key issues or risk identification falling under both comprehension and
methodology. That is incorrect since it was evaluated in two separate weights, resulting in weight
misallocation and improper distribution. In a similar manner, a document, which had a specific
criterion for the previous work experience within a national park requested the same requirement

under another criterion named relevant previous experience and accomplishment.
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Two different requirements were repeated in the same document twice. In this document, a
minimum of three similar scope contracts, which are active or were completed within the last five
years, was requested once under the scope comprehension and work history and another time under
the firm experience and capabilities. In addition, a criterion named work coordination asked for
the inclusion of any value-added services that can be provided, even though the document had

already considered another criterion for the additional features/value-added elements.

Lastly, under the proposal format section in two documents, a detailed methodology for the work
as well as the main deliverables for completing the project were mentioned under two different

sub-sections (project interpretation and deliverables) in each document.
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Chapter 4: Establishment of Evaluation Rules for Measuring Criteria

4.1 Introduction

This research aims to create a decision support system that will help owners in selecting qualified
consultants by considering a complete set of evaluation criteria. The objective is to minimize
subjectivity and bias during evaluation, as well as increase transparency and consistency in the
decision-making process. This is accomplished by objectively measuring the evaluation criteria,
which are of qualitative nature, allowing the decision-maker to judge consultants objectively.

Simultaneously, the system is designed to be simple to make it easy for different users to utilize.

In the previous chapter, the conceptual model was developed. The model comprises the most
significant criteria and sub-criteria needed for consultant evaluation. Four main groups of criteria
were identified, with their weights validated by experts. In addition, pre-evaluation inquiries were
developed for screening consultants to determine the ones who are eligible for the detailed
evaluation. By that, the time and effort of the decision-maker will be saved because only a few

consultants who are suitable for the job will be assessed.

The conceptual model was further expanded in this chapter. Literature (research papers and project
management books) and the analyzed documents (described in the previous chapter) were used to
identify various evaluation rules, as shown in Figure 4.1. These rules were not stated in the
literature as rules for measuring consultant evaluation criteria; but rather, they were explained as
proper management practices. In addition, the descriptions of criteria, sub-criteria, and evaluation
requirements in the analyzed documents were used to determine some of the evaluation rules. The
purpose of these rules is to be able to objectively measure different criteria. Different scores were

then assigned to the rules based on the relative importance of each rule.
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Literature: Research Industry Practices:
Papers and Project Client Documents (e.g..
Management Books RFPs)

Evaluation Rules for
Measuring Criteria

Figure 4.1 Identification of Evaluation Rules for Measuring Criteria

4.2 Description of Evaluation Rules

4.2.1 Overview of Rule-Based Decision-Making

In every area of life, rules and identities serve as a foundation for making decisions, and individuals
rely on rules to make judgments and decisions (March, 1994). A complex decision problem can
be thought about in a structured manner using rule-based decision-making. This approach can be
adopted by entrepreneurs to build opportunity evaluation decisions using rule content, where rule-
based thinking can systematically combine rule content in relation to some specific rule criteria to
determine opportunity attractiveness (Wood & Williams, 2014). The same concept can therefore

be adopted in the evaluation of engineering consultants.

A set of rules was established to solve the problem of subjective evaluation. It is hard to measure
criteria like schedule control, cost control, and many others, as they are qualitative. Hence, the
most appropriate way of measurement is to define rules for each criterion that will be used by the
decision-maker for objective and fair assessment among different consultants. Accordingly,
judgments by the decision-maker will more reasonable because assessment will be based on these
rules rather than personal opinions, feelings, or assumptions. The real challenge was finding the

rules that are appropriate and sufficient for performing a comprehensive evaluation.
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4.2.2 Rules for Measurement of Technical Criteria

Technical criteria mainly include the project management systems, such as the plans and
methodologies that the firm is going to effectively utilize for the project. These criteria are hard to
quantify due to their nature; hence, the use of measurement rules, in that case, is the most suitable
solution. The technical criteria category comprises 14 different criteria, with their rules and rules’
scores listed in Table 4.1. The total score is 100 for all the rules of each criterion. The names of
the technical criteria, as well as the number of rules for each criterion, are shown in Figure 4.2.
The average number of rules for the technical criteria is about six, which indicates that checking

these rules does not take a long time.

Proposal Quality

Goals, Objectives, and Tasks Comprehension
Detailed Specific Description of the Project Approach
Communications Management

Stakeholder Management

Risk Management

Safety Management

Environmental Management

Innovation and Value-Added Services

Criterion Name

Quality Assurance and Quality Control
Dispute/Conflict Management and Resolution Approach
Task-Based Schedule

Schedule Control Approach

Cost Control Approach

o
—

2 3 4 5 6 7

Number of Evaluation Rules

ee}
O

Figure 4.2 Technical Criteria with the Number of Evaluation Rules
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4.2.2.1 Proposal Quality (C1)
Four rules form the proposal quality criterion. The proposal should be complete, detailed with all
the relevant information, clear in terms of the work description, and is well presented. Equal scores

were assigned to the four rules because they are seen to be equally important.

4.2.2.2 Goals, Objectives, and Tasks Comprehension (C2)

C2 comprises six rules. Scope of work comprehension, detailed goals, objectives and deliverables,
and roles and responsibilities comprehension are the first three rules. In addition, it is important to
mention the consultant’s role in construction, such as the review and approval of shop drawings,
final walkthroughs, and construction inspections. Showing a deep understanding of the
construction QA/QC is also necessary. The remaining rule covers the design vision, which should

be presented in the form of an illustrative project comprehension through plans and sketches.

4.2.2.3 Detailed Specific Description of the Project Approach (Work Plan) (C3)

The work plan should be detailed and comprehensive, while at the same time, it must be precise
and specific. That is because every project is unique and should therefore have its own separate
and specific work plan. Nine rules are needed for a complete assessment of C3. First, the work
plan must match the requirements of the RFP. In addition, there should be a basis and logic for the
proposed methodology, and the design must be constructible. Since there are always differences
between projects, project-specific required approaches should be explained. Furthermore, the
integration of cross-disciplinary perspectives is another essential rule of C3. As mentioned by
ACEC-BC (2016), all services, even the ones provided by others should be clearly described, as
well as the integration of services to be performed by sub-consultants and specialists should be
included. The seventh rule focuses on the implementation of the lean principles, which solely

accounts for 15% of the total score of C3 due to its importance in assessing and distinguishing
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between different consultants. Pusca and Northwood (2016) stated that lean is based on five

principles and described them as follows:

1. Define value: carried out by the client, where the value is the product that the client will
pay for.

2. Identify and map value stream: value stream is the series of processes comprising all
actions that are needed for value creation.

3. Create flow via waste removal: flow in the value stream takes place via obstacles’ removal
such as bottlenecks.

4. Respond to customer pull: switching the system from a push system to a pull system based
on the client demand.

5. Strive for perfection.

The consultant is asked to provide information covering all principles except the first one since
the first principle is defined by the client, who is usually the owner. As explained by Pusca and
Northwood (2016), for the second principle, the main enabler of both effectiveness and efficiency
is the processes. Value stream mapping is a technique for quickly visualizing the whole process,
determining inefficiencies and bottlenecks, as well as finding areas where processes can be

streamlined or enhanced (Pusca & Northwood, 2016).

The last two rules, the eighth and ninth, for measuring C3 are derived from Alberta Infrastructure
(n.d.), which they use for consultant performance evaluation. However, some adjustments were
made to fit the evaluation at the bidding stage. For the eighth rule, the consultant should present in
the work plan how the design at each stage will fulfill basic legislative requirements, codes, and

standards related to safety, accessibility, and community needs. The ninth and final rule is
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concerned with clearly describing the plan for providing a final product that functions, which
means a product that is effective, efficient, safe, and easy to operate and maintain (Alberta

Infrastructure, n.d.).

4.2.2.4 Communications Management (C4)

The act of conveying information is known as communication (Hollermann et al., 2012).
Communications Management consists of five rules. The first three rules are the common ones,
which are communication of the project team, decision documentation strategy for decisions

affecting stakeholders and adjacent projects, and status update reporting frequency.

The use of technology for communication was not given attention in any of the studied client
documents, although it is crucial. According to Rimmington et al. (2015), the evolving nature of
construction projects has prompted a shift towards the use of technology as a main method of
communication. Lewis (2011) mentioned internet-accessible databases as a communication
method used to disseminate information to all project stakeholders. With the COVID-19 pandemic
impacting the whole world for over a year now, utilizing technology for communication became
crucial. Hence, the use of internet-accessible databases is considered one of the rules needed to

assess C4, with 15% of the total score assigned to it.

BIM and Virtual Prototyping have emerged and gained recognition as the foundation for the
design, production, and maintenance of many new structures since the beginning of the 21st
Century (Baldwin & Bordoli, 2014). BIM is a form of digital documentation. Since relational
information is linked to each other and saved in the model, object-oriented construction models
like BIM make it much easier to obtain information (Hollermann et al., 2012). Since many

significant construction sector clients are increasingly requesting engineering and construction
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firms to use BIM due to its benefits (Baldwin & Bordoli, 2014), BIM, or any equivalent digital
system, was added as an essential rule for measuring C4 and was given the highest score (30%)
among all the other communications management rules due to its significance in differentiating

between consultants.

There is a link between the last two communications management rules: internet-accessible
databases and BIM. The latter is one of the powerful examples of the former. If the consultant uses

BIM or an equivalent digital system, which is as strong as BIM, they get the score of both rules.

4.2.2.5 Stakeholder Management (C5)

Client documents that mentioned stakeholder management focused on identifying stakeholders
only and generally mentioned the need for a stakeholder engagement strategy. However,
stakeholder management entails a much greater set of requirements. According to Vlad (2018),

checklists can be used as a supporting tool for stakeholder identification.

Bal et al. (2013) described six steps for an effective stakeholder engagement process, where
stakeholder identification accounts for the first step only. The second step is linking stakeholders
to a variety of goals, which meet the needs of stakeholders. Prioritization of stakeholders takes
place after that. How will the stakeholders’ relationship be managed should then be explained,
followed by examples of used key performance indicators (KPIs) for measurement of
stakeholders’ performance (Bal et al., 2013). The sixth step was excluded from this research
because it is not applicable at this stage of the evaluation. In view of these five steps, which are all

believed to be necessary for measuring C5, they were converted into five rules.

The last rule for C5 is the description of the public engagement plan since public are considered
part of the external stakeholders which is necessary to involve.
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For the scores, since the first two rules of C3, stakeholder identification and link of stakeholders
to different project tasks and objectives, are regarded the most important in comparison to the
others, they were given a slightly higher percentage (20% each). Each of the remaining four rules

received 15% of the total score.

4.2.2.6 Risk Management (C6)
Risk, being a critical factor, must be looked at carefully. Normally, client documents generally
mention the need to identify key issues, challenges and/or risks, with proposed mitigation plans,

and few ones ask for risk classification. Risk management can be assessed using six key rules.

According to Baumann et al. (2016), the relevance of risk identification is expanding as the
corporate environment becomes more volatile. As part of the risk management process, this step
establishes the foundation for all subsequent stages (Baumann et al., 2016). However, none of the
documents clarified on what basis will the risk identification part of the consultant submission be
assessed, the method that the consultant should apply to identify the risks, and what is considered

a clear and sufficient identification of risks and what is not.

Baumann et al. (2016) divided the risk identification methods into two main categories:
retrospective risk identification and prospective risk identification. The former is concerned with
risks that have occurred in the past and for which knowledge in managing is available are usually
best identified through collection methods. Collection methods include A checklist, RIM, SWOT
analysis, and interview. For the prospective risk identification, it excludes past data by using
creativity tools; therefore, biases encountered while applying collection methods that deal with
past data are minimized because past data is purposely withheld from the knowledge base of

participants in the risk identification process. Examples of creativity tools include brainstorming,
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brainwriting, the Delphi technique, and synectics (Baumann et al., 2016). Accordingly, both were
considered crucial and were used as two separate rules for the evaluation of the consultant risk
management approach. Prospective risk identification was given a slightly higher percentage
(20%) than the retrospective one (15%) because identifying risks that have not been encountered

before is seen to be more challenging.

In addition to threats, which are considered negative risks, there are also positive risks, which are
known as opportunities. Demonstration of opportunities is often missed by clients in the proposal
requirements, although they are of great benefit to any project; hence, having this as one of the

evaluation rules is necessary.

For risk assessment, some clients request an assessment of the likelihood and impact of the risk.
However, it could be rephrased in a different and more detailed way, where the consultant also

specifies and clearly explains the risk analysis technique applied (e.g., quantitative).

4.2.2.7 Safety Management (C7)

The focus on managing safety is much higher for contractor evaluation. However, this does not
deny the fact that this factor should be given attention for consultants too. Thus, suitable rules for
measuring the safety aspect were determined mainly through generally checking construction
health and safety elements from the literature and considering whichever points are applicable for
consultant evaluation. As mentioned by Choudhry et al. (2008), on-site safety inspections are
performed on a daily, weekly, and monthly basis, and on construction sites, joint site walks with

consultants are a common occurrence.

The first and basic rule is the description of the safety program, which should be effective and can
be implemented for that specific project through both office and site. Findley et al. (2004)
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explained that there should be a clear establishment and implementation of the responsibility and
accountability of health and safety as well as the establishment of safe work practices for effective
management of worksite hazards. In addition, identification of health, safety, and ergonomic
hazards through analysis of the worksite should also take place (Findley et al., 2004), which can
be considered part of an initial hazard identification process that the consultant can carry out during
their site visit. According to Jazayeri and Dadi (2017), for danger control, there should be an initial

hazard identification survey.

Employee safety awareness and competency could be improved by safety education and training
(Fang & Wu, 2013). As explained by Jazayeri and Dadi (2017), an effective system should be in
place for employees to report potentially unsafe issues (e.g., a safety representative, safety
committee). Inspections can be conducted at regular intervals, which can be considered a system
for identifying dangers (Jazayeri & Dadi, 2017). There should also be emergency response plans
to deal with rapidly changing hazards on construction sites (Findley et al., 2004).

4.2.2.8 Environmental Management (C8)

For the environment, and as mentioned in Chapter 3, it was not given attention in the studied client
documents although, as explained by Handfield et al. (2001), the greatest possibility to reduce a
product's environmental impact is during the product design stages. First, and just like safety
management, a comprehensive and effective environmental management system that can be
utilized for that specific project should be provided by the consultant. For the remaining rules, a
literature review was necessary to determine what is needed to thoroughly evaluate and measure

C8.

According to Christini et al. (2004), an environment management system (EMS) of an organization

should be designed and implemented with specific objectives, commitments, and methods in mind.
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It should also include corrective and preventive actions and emergency plans. In addition,
environmental policy should conform with regulations (Christini et al., 2004). By that, three

essential rules for measuring the environmental factor were identified.

Hui et al. (2001) explained that the primary purpose of EMS is to reduce environmental impact;
this can be achieved through waste reduction, reuse, recycling, and treatment, as well as the use of
sustainable resources. Pollution prevention is also required to protect the environment (Hui et al.,
2001). Benefits of implementing an EMS include environmental liability minimization and social
responsibility commitment (Rumane, 2010). By that, the remaining rules for evaluating C8 were

determined.

4.2.2.9 Innovation and Value-Added Services (C9)

Innovation and value-added services require seven rules to be measured. The first five rules were
derived from the descriptions used by the industry for evaluating the innovation aspect in the
consultant submission. They include the new techniques/technologies that can improve design and
construction services, as well as the ones that can add value to the project cost, schedule, and
product. These five rules were all considered equally important and were hence, given the same
score, which is 10% for each one. The remaining 50% were divided equally onto two separate

rules, rules six and seven, which were determined from the literature.

Hidalgo and Albors (2008) stated that it is not always necessary to use the most cutting-edge
technology to be innovative; however, it is less about technology and more about a way of thinking
and coming up with creative solutions within the firm. In addition, Charyton et al. (2011) clarified
the difference between problem solving and problem finding. The former is defined as the capacity

to find a solution to a problem or circumstance, whereas the latter is the capacity to identify
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problems or forecast possible problems that have not yet occurred. The authors added that both are
important aspects of an engineer’s creativity (Charyton et al., 2011). Accordingly, identification
of existing or potential design-related problems and creative problem solving was the sixth rule

considered.

The seventh and evaluation rule for C9 is linked to its sixth rule, as it is concerned with the
creativity development techniques. Hidalgo and Albors (2008) listed some creativity development
techniques which are brainstorming, lateral thinking, mind mapping, TRIZ, and the SCAMPER
method. Rumane (2010) explained that TRIZ is short for “theory of inventive problem solving”
and is a structured strategy for developing unique ideas and solutions for problem solving that is
based on creative thinking. TRIZ, in contrast to brainstorming, strives to develop an algorithmic
approach to the invention of new systems and the refining of existing ones. Engineers can use
TRIZ to solve problems such as changes in regulations governing the use of specific types of

materials (Rumane, 2010).

4.2.2.10 Quality Assurance and Quality Control (C10)

Arditi and Gunaydin (1997) explained that quality assurance entails developing project-specific
policies, procedures, standards, guidelines, training, and system required to generate quality. Also,
all planned and methodical efforts essential to provide adequate confidence that a structure,
system, or component will work successfully and meet project requirements are included in quality
assurance (Arditi & Gunaydin, 1997). These were, therefore, the first two rules identified for

measuring C10.

The use of a process quality technique such as Six Sigma can also be considered one of the rules

for measuring the consultant’s QA/QC program. Rumane (2010) indicated that Six Sigma aims to
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reduce variation in the process and prevent product defects. The variance in a process that has

attained Six Sigma capability is negligible in comparison to the specification limits (Rumane,

2010).

For quality control, it represents the specific application of the QA program and related tasks
(Arditi & Gunaydin, 1997). Hence, the consultant should properly explain in their submission how
the QA program will be effectively implemented for that specific project. Arditi and Gunaydin
(1997) clarified that an effective QC decreases the possibility of changes, errors, and omissions,
resulting in fewer conflicts and disputes. Therefore, the consultant's plan should explicitly state

how they intend to do this.

To improve the quality process, quality control tools can be used (Rumane, 2010). Examples of
QC tools include check sheets, histogram, control chart, Pareto analysis, flow chart, cause-and-
effect diagram (Rumane, 2010). The consultant should therefore be asked to describe the tool they

are going to apply for the project.

Wang (2008) mentioned that in the construction sector, quality inspection and management (QIM)
is critical. In addition, QIM should be an intrinsic component of daily work in test laboratories so
that the system is maintained on a regular basis and task execution is documented (Wang, 2008).
Hence, arule that is concerned with the frequency of quality inspections was added, through which,
for instance, the consultant is required to check that the materials being used conform to the

specifications and the ones stated in the design.

4.2.2.11 Dispute/Conflict Management and Resolution Approach (C11)
Proper planning for conflict management from the very beginning helps in the reduction of
conflicts and disputes that may occur in the future. Regarding organizational conflict, Jones and
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George (2015) mentioned that it occurs when different individuals or groups' aims, interests, or
values are incompatible, and those individuals or groups hinder or hinder one another attempts to
fulfill their goals. Therefore, the consultant should provide a strategy demonstrating how they are
planning to manage such conflicts. An organizational conflict can be an interpersonal, intragroup,
or intergroup conflict (Prause & Mujtaba, 2015). Conflict within the same group is known as
intragroup conflict, whereas intergroup conflict is the conflict that occurs with other groups (Jones

& George, 2015).

Strategy for the management of diverse workplace challenges is another important aspect. As
stated by Prause and Mujtaba (2015), the term "workplace diversity" refers to an emphasis on the
differences among employees. A diverse workplace, if appropriately managed and organized, can
be a positive force in a business, providing fruitful collaboration, creativity, greater recruitment

opportunities, and higher productivity (Prause & Mujtaba, 2015).

Diversity awareness and job training on diversity are also considered in measuring C11. According
to Prause and Mujtaba (2015), individuals with accurate perceptions and understanding of diversity
can change their behaviors and attitudes, resulting in increased diversity skills, improved
interaction, and a healthier work environment. Therefore, managers should work on diversity
awareness every day and encourage employees to rethink their perceptions of the notion (Prause
& Mujtaba, 2015). In addition, conflict management training should take place, and so it was used
as one of the fundamental rules for evaluating C11. Prause and Mujtaba (2015) highlighted that
diversity education, conflict management training, and the development of innovative thinking can
help modern businesses compete more effectively in the market and can be a critical step in

building advanced companies with strong human resources.
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The last two evaluation rules for C11 are concerned with the previously managed conflicts. The
consultant should provide at least two examples of previously managed conflicts as well as a
description of the conflict solving technique used. If the conflict was solved through a negotiation
process, for example, the consultant should describe the negotiation style adopted (e.g.,
cooperative, competitive). As described by Jeong (2009), a multi-step conflict resolution method
tries to identify different sorts of controversial issues, uncover their underlying causes, and devise
a strategy for resolving them. This should be provided by the consultant in their explanation of

previously managed conflicts' examples.

4.2.2.12 Task-Based Schedule (C12)

C12 comprises six evaluation rules, where four of them were extracted from the studied client
documents. The first rule is concerned with providing a logical work breakdown structure for the
schedule, with the schedule broken down into different levels until reaching the activity level. In
addition, the Gantt chart must be included with the schedule. All key stages and phases should be
presented in the schedule, and the duration of activities, as well as the critical path, must be logical.
For the activity total and free floats, both must be realistic. Except for the logical work breakdown
structure, which received 25% of the overall score owing to its criticality, other rules were given

equal scores (15%).

4.2.2.13 Schedule Control Approach (C13)
Microsoft Project and Primavera are two of the scheduling software examples being used (Lewis,
2011). This software should also be the one used for progress updates and the generation of reports.

Additionally, the consultant is asked to mention the planned frequency of the progress updates.
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A plan for managing schedule changes through different phases is needed. This plan should be
detailed and well described. The method used for monitoring progress should also be properly
explained. For example, earned value analysis (EVA) is a method used for that purpose (Baldwin
& Bordoli, 2014). According to the same authors, many people believe that EVA is the best method
for evaluating progress because it considers time, cost, and scope. At all levels, EVA is adaptable

and capable of generating timely information (Baldwin & Bordoli, 2014).

4.2.2.14 Cost Control Approach (C14)
Without any sort of management cost and control system, no program or project can be effectively
structured and managed (Kerzner, 2017). Therefore, the consultant should provide a plan for

managing costs through different phases, which should be thorough and clearly explained.

A true evaluation of performance must consider not only improvement through time but also
progress in terms of cost and value (Baldwin & Bordoli, 2014). As explained for the schedule
control approach, EVA is concerned with not only time but cost as well. Thus, EVA, or equivalent,

is added as an essential rule for measuring C14.

The last rule for proper measurement of the cost control approach is the use of a proper cost control
software such as Oracle or the SAP system. Therefore, the consultant should specify the software

they are going to utilize for this purpose.
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Table 4.1 Evaluation Rules for Measuring the Technical Criteria and their Corresponding Scores

S.N. Criterion Evaluation Rule Score
Cl1  Proposal Quality 1.1 Complete Proposal 25
1.2 Detailed proposal with all the relevant information 25
1.3 Clear proposal in terms of work description 25
1.4 Well-presented proposal 25
C2  QGoals, Objectives, 2.1 Scope of work comprehension 20
and Tasks 2.2 Detailed goals, objectives, and deliverables 20
Comprehension 2.3 Roles and responsibilities comprehension 20
2.4 Inclusion of the consultant’s role in construction (e.g., shop drawing review and approval, 20

final walkthroughs, construction inspections)

2.5 Deep understanding of the construction QA/QC 10
2.6 Design vision - Illustrative project comprehension (e.g., plans, sketches) 10
C3  Detailed Specific 3.1 Work Plan matches the RFP requirements 10
Description of 3.2 Methodology rationale and constructability of design 10
Project Approach 3.3 Inclusion of project specific required approaches 10
(Work Plan) 3.4 Description of included, excluded and optional services, and those provided by others 10
3.5 Integration of cross-disciplinary perspectives 10
3.6 Integration of sub-consultants and/or specialists’ services 10
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S.N. Criterion Evaluation Rule Score
3.7 Implementation of lean principles (e.g., identify and map value stream, create flow via 15
waste removal, respond to customer pull, and strive for perfection)

3.8 Design at each stage fulfills basic legislative requirements, codes, and standards related 15
to safety, accessibility, and community needs
3.9 Clear plan for providing a final product that functions; a product that is effective, efficient, 10
convenient, safe, and easy to operate and maintain
C4  Communications 4.1 Project team communication 25
Management 4.2 Decision documentation strategy for decisions affecting stakeholders and adjacent 25
(Project projects
Communication 4.3 Status update reporting frequency 5
Plan) 4.4 The use of Internet accessible databases 15
4.5 The use of BIM or any equivalent digital system 30
C5 Stakeholder 5.1 Identification of all key stakeholders (e.g., the use of checklists) 20
Management 5.2 Link of stakeholders to different project tasks and objectives (meet the stakeholders’ 20
needs and interests)
5.3 Prioritization of stakeholders 15
5.4 Management of stakeholders (how will their relationships be managed?) 15
5.5 Measurement of stakeholders’ performance (examples of the used KPIs) 15
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S.N. Criterion Evaluation Rule Score
5.6 Description of the public engagement plan 15
C6 Risk Management 6.1 Retrospective risk identification: risks that have occurred in the past and for which 15
knowledge in managing is available (e.g., the use of checklists, RIM, SWOT analysis,
interview)
6.2 Prospective risk identification, which excludes past data (the use of creativity tools: (e.g., 20
brainstorming, brainwriting, the Delphi technique, synectics)
6.3 Classification of risks (e.g., quality, safety, schedule, cost, etc.) 10
6.4 Demonstration of potential opportunities, not just threats 15
6.5 Description of the risk analysis technique (e.g., quantitative) and assessment of the 20
likelihood and impact of each risk
6.6 Proposed mitigation/response plan for each risk 20
C7 Safety 7.1 Comprehensive safety program that is effective and can be implemented for this specific 20
Management project through office and site
7.2 Clear establishment and implementation of the responsibility and accountability of health 15
and safety
7.3 An effective system in place for employees to report potentially unsafe issues (e.g., a 15

safety representative or safety committee)
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S.N. Criterion Evaluation Rule Score
7.4 ldentification of health, safety, and ergonomic hazards through analysis of the worksite 15
(initial hazard identification survey)
7.5 Establishment of safe work practices for effective management of worksite hazards 10
7.6 Frequency of worksite inspections (which can be a system for hazard identification) 5
7.7 Emergency response plans 15
7.8 Safety education and training (for improvement of the employees’ safety awareness) 5
C8 Environmental 8.1 Comprehensive environmental management system of the firm that is effective and can 20
Management be implemented in this specific project
8.2 Regulatory compliance of environmental policy 15
8.3 Defined goals, commitments, and methods for meeting environmental requirements 10
8.4 Corrective and preventive actions, and emergency plans 10
8.5 Sustainable low impact design considerations that have minimal effect on the 20
environment including reduction, reuse, recycle and treatment of waste, use of sustainable
resources, and pollution prevention
8.6 Environmental management system describes how the environmental liability is 10
minimized
8.7 Environmental management system describes commitment to social responsibility 15
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S.N. Criterion Evaluation Rule Score
C9 Innovation and 9.1 New techniques or technologies that can improve design (e.g., technical innovation, 10
Value-Added design innovation)
Services 9.2 New techniques or technologies that can improve construction services (e.g., project 10
delivery innovation)
9.3 New techniques or technologies that can add value to this project with regard to cost 10
9.4 New techniques or technologies that can add value to this project with regard to schedule 10
9.5 New techniques or technologies that can add value to this project with regard to the 10
product
9.6 Identification of existing or potential design related problems, and creative problem 25
solving
9.7 Discussion on the implementation of creativity development techniques (e.g., 25
brainstorming, lateral thinking, mind mapping, TRIZ, the SCAMPER method)
C10 Quality Assurance 10.1 QA: Development of project-specific policies, procedures, standards, guidelines, 25
and Quality training, and system required to produce quality
Control 10.2 Inclusion of all planned and methodical actions in the quality assurance program, which 20
are essential to provide adequate confidence that a structure, system, or component will work
successfully and meet project requirements
10.3 Use of a process quality technique (e.g., Six Sigma technique) 15
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S.N. Criterion Evaluation Rule Score
10.4 Clear description of effective implementation of QA program and related tasks (which 20
represent the QC), and how the QC plan can decrease the possibility of changes, errors, and
omissions
10.5 Description of the QC tool that is going to be applied for this project (e.g., check sheets, 15
histogram, control chart, Pareto analysis, flow chart, cause-and-effect diagram)

10.6 Frequency of quality inspections, site monitoring/reviews and reporting 5

C11  Dispute/Conflict 11.1 Strategy to management of organizational conflict (interpersonal conflict, intragroup 20

Management and  conflict, and intergroup conflict)
Resolution 11.2 Strategy to management of diverse workplace challenges 15
Approach 11.3 Diversity awareness and job training on diversity 15
11.4 Conflict management training 15
11.5 At least two examples of previously managed conflicts, with description of the conflict 20
solving technique (e.g., negotiation style, meditation)
11.6 The examples of previously managed conflicts cover the following: identifying different 15
sorts of controversial issues, discovering their underlying causes, and devising a strategy to
remove them
C12 Tasked-Based 12.1 Logical work breakdown structure (task-based schedule) 25
Schedule 12.2 Inclusion of Gantt chart 15
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S.N. Criterion Evaluation Rule Score

12.3 Logical duration of activities 15

12.4 Inclusion of all key stages/milestones and phases in the schedule 15

12.5 Inclusion of logical critical path(s) 15

12.6 Logical total and free floats of activities 15

C13  Schedule Control  13.1 Schedule developed using a suitable scheduling software (e.g., Primavera, MS Project) 30
Approach 13.2 The mentioned scheduling software will be used for progress updates, reports 10

generations, etc., with mention of the frequency of those updates

13.3 Plan for managing schedule changes through different phases 15

13.4 Proper description and sufficient detail of the schedule management plan 15

13.5 Use of Earned Value Analysis or equivalent, with proper description 30

Cl4 Cost Control 14.1 Plan for managing consultant costs through different phases 20
Approach 14.2 Proper description and sufficient detail of the cost management plan 20

14.3 Use of Earned Value Analysis or equivalent, with proper description 30

14.4 Use of a cost control software (e.g., Oracle, the SAP system), with proper description 30
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4.2.3 Rules for Measurement of Managerial and Organizational Criteria

The managerial and organizational criteria are concerned with the firm and team credentials. Most
of the rules were extracted from the descriptions of criteria and sub-criteria provided in the
analyzed client documents. Some further details were needed to have a comprehensive evaluation;
hence, additional rules were obtained from the literature. The managerial and organizational
criteria category comprises eight different criteria, where one of these criteria (three relevant
project examples) is divided into three, bringing them to a total of 10 criteria. All evaluation rules
used to measure the criteria under this category, with their corresponding scores, are listed in Table
4.2. The total score of all the rules forming each criterion is 100. The names of the different
managerial and organizational criteria, as well as the number of rules for each criterion, are shown
in Figure 4.3. Checking the consultant’s fulfillment to the managerial and organizational criteria

requirements is not time-consuming since the average number of rules for this category is six.

Overview of the Organization

Approaches to Lessons Learned and Knowledge Sharing
inside the Firm

Relevant Project A Completed by the Firm in the Past 5
Years

Relevant Project B Completed by the Firm in the Past 5
Years

Relevant Project C Completed by the Firm in the Past 5
Years

Ability to Create Long-term Relationships with Clients

Criterion Name

Project Leader Credentials

Project Organizational Chart and Description of Team
Members

Project Team Qualifications and Experience

Project Team Collaborative Projects

(=)

1 2 3 4 5 6 7 8
Number of Evaluation Rules

el

Figure 4.3 Managerial and Organizational Criteria with the Number of Evaluation Rules
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4.2.3.1 Overview of the Organization (C15)

C15 comprises six rules which are mainly needed to provide a summary of the previous work and
accomplishments of the firm. In general, the firm profile should be acceptable in terms of the
previous projects completed or in progress, and the work history should be properly described.

The firm’s general qualifications should also be clearly explained.

Regarding previous project awards and/or recognition, the general ones received in the past five
years should be described, in addition to the ones for projects of similar scope and nature to that
specific project. The last rule is concerned with any remarkable certifications in aspects like
quality, environmental, or others. For the ISO, for example, Rumane (2010) clarified that the term
"certification" in the context of ISO 9000 or ISO 14000 refers to the issuance of written assurance
(the certificate) by an independent, external entity that has audited the management system of an

organization and verified that it complies with the standard's requirements.

4.2.3.2 Approaches to Lessons Learned and Knowledge Sharing inside the Firm (C16)
The consultant is asked to provide a general description of the firm’s lessons learned and
knowledge sharing approach. It is also important to demonstrate how the lessons learned from

previous projects are being implemented in new projects, with a sufficient and detailed description.

The last rule, which accounts for over one-third of C16’s score due to its importance, focuses on
the knowledge sharing being ICT supported. As stated by Charrel and Galarreta (2007), “If
knowledge sharing is ICT supported, for instance using Intranet as a medium, then knowledge

storage is a natural part of the knowledge sharing task”.
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4.2.3.3 Three Relevant Project the Firm has Completed in the Past Five Years (C17)
C17 is divided into three sub-criteria, one for each project (Project A, Project B, and Project C).
Each project includes the exact same rules, but they are separated as each one needs to be evaluated

individually in detail. Hence, the rules explained under this section are repeated three times.

The rules used to evaluate C17 are similar to some of the points listed under the “Firm Relevant
Experience and Past Performance” criterion in Table 3.1. However, a new last rule was added in
this chapter, which is concerned with the identification of quality improvement opportunities

(Rumane, 2010) found in previous projects that the consultant has worked on.

4.2.3.4 Ability to Create Long-Term Relationships with Clients (C18)

For C18, the consultant is required to provide one project example demonstrating their ability to
build a long-term relationship with a client. In addition, the consultant is asked to list all projects,
relevant and non-relevant to that specific project, that they have worked on with that client. All the

rules were considered equally important, and so were given the same score (25%).

4.2.3.5 Project Leader Credentials (C19)

For the project leader, which includes five essential rules, the descriptions found in the analyzed
client documents were considered sufficient for the proper measurement of C18. Strong technical
and project management skills are critical in determining the project leader's capabilities to manage

the project; thus, this rule received a quarter of C19’s score.

4.2.3.6 Project Organizational Chart and Description of Team Members (C20)
Similar to C19, the rules for measuring the project organizational chart and team members’
descriptions were derived from the studied client documents. One additional rule, used by Alberta

Infrastructure (n.d.) as an aspect for evaluating the performance of consultants, was considered.
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This point is concerned with describing the credentials of the contract administrator who will be

assigned to that project.

4.2.3.7 Project Team Qualifications and Experience (C21)
For the project team qualifications and experience, in addition to the points mentioned in Chapter
3, a separate rule was reserved for the description of specific requirements for the project team

members such as the need for a landscaping expert or an environmental specialist.

4.2.3.8 Project Team Collaborative Projects (C22)

The last criterion is related to the projects that the key team members have previously worked on
together. It comprises four evaluation rules. The first rule, which covers the description of previous
collaborative projects, should include projects of similar nature and scope to that new project;
therefore, this rule received 30% of the score due to its significance. The second and third rules
are both concerned with the successful completion of relevant projects, one project for each rule,
and so, were given equal scores. In the last rule, the consultant is asked to provide client references

for those projects.
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Table 4.2 Evaluation Rules for Measuring the Managerial and Organizational Criteria and their Corresponding Scores

S.N. Criterion Evaluation Rule Score
C15 Overview of the 15.1 Satisfactory firm profile 15
Organization 15.2 Proper description of firm’s work history 15
15.3 Good and sufficient explanation of firm’s general qualifications 15
15.4 Previous general project awards/recognition in the past five years 15
15.5 Project awards for projects of similar scope and nature to this specific project 20
15.6 Any remarkable certifications in quality, environmental, or any other aspects (e.g., ISO) 20
Cl6 Approaches to 16.1 General description of the lessons learned and knowledge sharing approach of the firm 25
Lessons Learned ~ 16.2 Description of how the lessons learned from previous projects are implemented in new 25
and Knowledge projects
Sharing inside the ~ 16.3 Detailed and sufficient description provided in the previous point (16.2) 15
Firm 16.4 Knowledge sharing is ICT supported (e.g., the use of Intranet) 35
C17 Three Relevant 17.1 Description of the project scope, consultant role in the project, project duration, and 5
Projects the Firm  year completed
has Completed in  17.2 Details about planned vs actual budget and schedule, and reasons for variances 15
the Past Five Years 17.3 Effective communication with clients, stakeholders as well as the public 10
(The Provided 17.4 Challenges related to design, construction project delivery and/or methodology, and 10
Rules for C17 are  overcome approaches
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S.N. Criterion Evaluation Rule Score
Repeated for Each  17.5 Lessons learned 10
Project) 17.6 Key project team members' roles in those projects who are proposed for this project 10
17.7 Innovation in design and/or project delivery, and creative problem solving 10
17.8 Identification of quality improvement opportunities 10
17.9 Client references 20
C18  Ability to Create  18.1 A project example with that client; a project which is of similar nature and scope to this 25
Long-Term specific project
Relationships with ~ 18.2 Description of the nature and length of that working relationship 25
Clients 18.3 A list of projects completed with that client (including relevant and non-relevant 25
projects)
18.4 Client reference 25
C19 Project Leader 19.1 Description of technical and project management skills 25
Credentials 19.2 Description of experience in similar projects 20
19.3 The described experience includes at least three relevant project examples 20
demonstrating successful management of similar projects
19.4 Resume 15
19.5 Client references for three relevant project examples 20
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S.N. Criterion Evaluation Rule Score
C20 Project 20.1 Project organizational chart showing roles and responsibilities of key team members 25
Organizational and sub-consultants (if any)
Chart and 20.2 Main team description showing a cross-functional team with all the needed disciplines 25
Description of 20.3 Specification of main contact point 5
Team Members 20.4 Description of resources allocated for communications and stakeholder engagement 15
20.5 Description of level of involvement and availability of team members during each 15
project phase
20.6 Description of the contractor administrator who will be assigned to this project (must 15
be proficient)
C21 Project Team 21.1 Description of relevant experience of key team members and sub-consultants (if any) 30
Qualifications and  21.2 Description of education, provincial registration/professional accreditation, 30
Experience achievements, skills, and proven qualifications of key team members and sub-consultants (if
any)
21.3 Any specific requirements for key team members (e.g., landscaping expert, 20
environmental specialist)
21.4 Resumes of key team members and sub-consultants (if any) 20
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S.N. Criterion Evaluation Rule Score

C22 Project Team 22.1 The described collaborative projects are of similar nature and scope to this specific 30
Collaborative project

Projects 22.2 Successful completion of one relevant project 25

22.3 Successful completion of another relevant project 25

22.4 Client references for team previous collaborative projects 20

98



Chapter 5: Development of a Computerized Analytical Model for Consultant Evaluation
and Ranking

5.1 Introduction
The evaluation and ranking of consultants must occur reliably and fairly, with the least possible
subjective judgments. The system through which this process will take place must be

comprehensive, encompassing all the necessary aspects.

In the preceding chapters, Chapters 3 and 4, a thorough theoretical framework for consultant
evaluation and selection was created. A standard set of evaluation criteria and sub-criteria was first
identified, and pre-evaluation inquiries were developed. Evaluation rules were then gathered from
research papers, project management books, and industry practices to objectively measure the

different criteria.

In this chapter, an automated analytical model, which implements the fuzzy TOPSIS technique, is
developed using the Python (PyCharm) programming language. Figure 5.1 depicts a summary of
the entire process carried out by the model. The output of the model is the ranking of different

consultants.

Screen and Shortlist Evaluate Eligil?le Implement the
Consultants Consultants Using Fuzzy TQPSIS
Predefined Rules Technique

Figure 5.1 Summary of the Automated Three-Step Consultant Evaluation and Ranking Process
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5.2 Screening and Shortlisting of Consultants

Consultants are screened using the pre-evaluation yes/no questions described in Chapter 3 during
the preliminary stage of the evaluation and ranking process. This phase is required to limit the
number of consultants by excluding those who are not eligible for a comprehensive review of their
qualifications, allowing the decision-maker to concentrate on specific consultants during the

detailed evaluation stage. The screening process of the developed decision support system is
presented in Figure 5.2. At the beginning of the process, the decision-maker is required to specify

the criteria weights according to some project characteristics that they should enter. The decision-
maker will also be provided with the recommended criteria weights detailed in Chapter 3. The
output of the flow chart described in this figure, which is determining the eligible consultants, is

the input for the next step of the process.

5.3 Detailed Evaluation Using Predefined Rules

During this stage, eligible consultants who pass the screening process are evaluated, as shown in
Figure 5.3. Each criterion comprises a certain number of evaluation rules, as described in Chapter
4. The decision-maker is required to check those rules and has three choices: yes, no, or not
applicable. The answer should be “yes” if the rule is applicable and its requirements are fulfilled
by the consultant in their proposal submission, “no” if the rule is applicable and the submission
does not include the rule requirements, and “na” if the requirements of the rule are not applicable
for that project. According to the answers provided by the decision-maker to the evaluation rules,
the total score for each criterion will be automatically calculated, which will be converted to a

linguistic rating (low, medium, or high). The fuzzy TOPSIS approach will then be implemented.
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\ 4

Specify the Project Characteristics
and Criteria Weights

A 4

Specify the Number of
Consultants

A 4

Specify the Names of the
Consultants

A\ 4

Screen Consultants through Pre-
evaluation Inquiries

Consultant
Passes the
Screening

The Consultant is Eligible for the
Detailed Evaluation Stage

End

Figure 5.2 Automated Process for Screening and Shortlisting of Consultants
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Evaluate Consultant Using
Decision-Making Rules for Each
Criterion

Consultant
Fulfills Rule’s
Requirements

No Consider a Score of Zero for the
Rule

Adjust the Scores of the
Remaining Applicable Rules

Add Predefined Score of the Rule

\ 4

Calculate the Total Score of All
Rules for Each Criterion

v

A 4

Convert the Total Score of Each
Criterion into a Low, Medium, or
High Rating

End

Figure 5.3 Automated Process for Detailed Evaluation of Consultants
Yes and no answers to the evaluation rules are needed if the rules are applicable. However, since
some of the rules may not be applicable for some projects, especially small-sized projects, the

decision-maker has the not applicable option for the rule. In this case, the scores of the remaining

rules for that criterion will be adjusted accordingly.
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5.4 Implementation of the Fuzzy TOPSIS Technique

The fuzzy TOPSIS technique is utilized after all eligible consultants have undergone a thorough
evaluation, with the results of this evaluation (low, medium, and high ratings) serving as input to
the fuzzy TOPSIS model. Figure 5.4 depicts the events that occur in the fuzzy TOPSIS model. The

steps mentioned in this figure will be detailed in the next sections.

List the Low, Medium, and High
Ratings for All Criteria

\ 4

Implement the Steps of the Fuzzy
TOPSIS Approach

A 4

Obtain the Ranking of Consultants
from the Most to the Least
Qualified

Figure 5.4 Summary of the Automated Consultant Ranking Process

5.4.1 Overview of the Fuzzy TOPSIS Technique

Fuzzy TOPSIS is determined to be the best-suited approach for dealing with the multi-criteria
decision-making problem addressed in this research. The fuzzy component of the method, as
indicated in Figure 5.5, deals with linguistic variables by transforming them into fuzzy numbers.
Following that, TOPSIS does certain mathematical computations to generate the ranking of

different consultants.
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Making
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of Performance Ratings into Computations
Fuzzy Numbers
N Y J U y

Figure 5.5 Components of the Fuzzy TOPSIS Technique

5.4.2 Utilization of the Fuzzy Logic Component of the Fuzzy TOPSIS Technique

Normally, the decision-maker provides an evaluation in the form of a linguistic term (e.g., low,
medium, high) in previous implementations of the fuzzy TOPSIS technique. What is different and
new in this research is that the decision-maker reviews the rules for each criterion, then responds
to each rule with a yes (consultant submission covers the rule requirements), no (consultant
submission does not cover the rule requirements), or not applicable (the rule is not relevant for that
project) response. The developed model will automatically calculate the overall score for each
criterion (out of 100) after receiving the responses to the evaluation rules. Using the Python
programming language, this score will be transformed to a low, medium, or high rating. As a result,
subjectivity in the consultant evaluation process is minimized, and consistency is improved

because the answers to the evaluation rules are what determine the performance ratings.

Roberts (1986) explained that fuzzy set theory is an extension of classical set theory in which

elements of a set have membership grades ranging from zero to one [0,1], with zero indicating
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non-membership and one indicating full membership. There are operators, relations, and mappings

appropriate for these fuzzy sets, just as there are for classical sets (Roberts, 1986).

In this research, trapezoidal fuzzy numbers are used. Trapezoidal fuzzy numbers are fuzzy
numbers with a trapezoid-shaped membership function (Kuchta, 2001). The trapezoidal curve is
defined as a function of a vector, x, and four scalar parameters, a, b, ¢, and d, as shown in Equation

5.1 (Princy & Dhenakaran, 2016), where pu(x) represents the membership function.

(0, (x<a)or(x>d)
xX—a <x<b)
Py (a<sx<
Ha(x) =4 1 (b<x<c) (5.1)
d—x
) (c<x<d)
d—c

A lower limit a, an upper limit d, a lower support limit b, and an upper support limit ¢ define the

parameters, where a <b < c <d, as illustrated in Figure 5.6 (Princy & Dhenakaran, 2016).

Core
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H(x) - "
1

v
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< >

Figure 5.6 Trapezoidal Membership Function (Princy & Dhenakaran, 2016)
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Each linguistic variable on the three-point scale employed (low, medium, and high) includes a
range of scores, as shown in Table 5.1, which was determined after analyzing the evaluation
criteria and establishing a suitable range for each rating. The aim was also to maintain each rating's
range as close as possible to the standard grading system. For example, the high rating spans from
80 to 100, which corresponds to the excellent grades (A+, A, and A-) in the commonly used
grading system. If the user needs to change any of the recommended ranges of scores for the
linguistic ratings or modify the scores assigned to the evaluation rules, the system administrator

can make the necessary changes.

Table 5.1 Linguistic Variables for the Ratings

Linguistic Variable  Trapezoidal Fuzzy Number

Low (0,0,40,50)
Medium (45,50,80,85)
High (80,90,100,100)

Even though triangular fuzzy numbers have been used in many publications, trapezoidal fuzzy
numbers were found to be more suited to the problem under consideration. That is because full
membership is gained at the apex, which is represented by only one number, in the case of
triangular fuzzy numbers. However, it appears to be more reasonable that for the consultant
evaluation problem, a membership function of one (full membership) occurs at more than one

value, each of which represents a score. Accordingly, trapezoidal fuzzy numbers were employed,
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where the maximum value is represented by a range of values rather than a single value, as

illustrated in Figure 5.7.

The trapezoidal fuzzy numbers, shown in Figure 5.7, reflect the range of scores for each linguistic
variable. The low rating is defined as (o, o0, ¢, d), the medium rating is represented as (a, b, ¢, d),
and (a, b, oo, w0) denotes the high rating. According to Kuchta (2001), the shape functions (o, o,

¢, d) and (a, b, oo, o0) of fuzzy numbers are special types of trapezoidal fuzzy numbers

uex) 1 Low Medium High
1

| | I 1 | I <
0 10 20 30 40 50 60 70 80 90 100 Secore

Figure 5.7 Trapezoidal Fuzzy Numbers for the Scores

To explain how the overall score is computed for each evaluation criterion and then translated to
a linguistic rating, the following example is provided for the communications management
criterion (C4), which includes five evaluation rules. If the consultant gets a "yes" in the first four
rules and a "no" in the last rule for C4, the overall score of C4 will be 70 out of 100; that is because,
according to the scores listed in Table 4.1 in the previous chapter, the last rule contributes to 30%

of the overall score. This overall score corresponds to a medium performance rating. The rule
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concerning the use of BIM, or an equivalent digital system, was the rule in which the consultant
received a “no.” As a result, it is fair that the consultant gets a medium rating rather than a high
one in C4 since BIM, which is one of the most powerful and effective ways of communication
nowadays, is not used by the consultant. All the other evaluation criteria follow the same approach
explained in the example.
In case the overall score S;,:q; Of a criterion lies in the overlapping area between the low and
medium ratings (from 45 to 50), the following will take place:
o If Siorar = 45, the rating will be low because the degree of membership in the medium
rating is zero.
o If45<S;ora1 <47.5, the rating will be considered low because the degree of membership
in the low rating is higher than that in the medium.
o If 475 < Siorar < 50, the rating will be considered medium because the degree of
membership in the medium rating is higher than that in the low.
o If Siprar = 47.5, the rating will be considered medium because it will be mathematically
approximated to the nearest whole number, which is 48.
o If Siorar = 50, the rating will be medium because the degree of membership in the low
rating is zero.
The same concept is applied in case the overall score of the criterion lies in the overlapping area

between the medium and high ratings (from 80 to 85).
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5.4.3 Utilization of the TOPSIS Component of the Fuzzy TOPSIS Technique

According to Ashrafzadeh et al. (2012), the TOPSIS method is based on the concept that the chosen
alternative should have the shortest distance from the positive ideal solution, that is, the solution
that maximizes the benefit criteria and minimizes the cost criteria, and that chosen alternative
should have the longest distance from the negative ideal solution, which is the solution that
maximizes the cost criteria and minimizes the benefit criteria. This implies that TOPSIS divides
the criteria into two types: benefit criteria and cost criteria. Higher values are desired in the former,
whereas the opposite is true in the latter. Since the QBS approach is adopted in this research, no
cost criteria are included, and higher values are required for all evaluation criteria; thus, all criteria
are benefit criteria. The output of TOPSIS is ranking of different alternatives, which in this study

are consultants.

5.4.4 Steps of the Fuzzy TOPSIS Technique

The fuzzy TOPSIS approach entails a series of steps to obtain the ranking of different consultants,

as shown in Figure 5.8.
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Define a Finite Set of Consultant Evaluation Criteria

v

Establish the Fuzzy Decision Matrix

\ 4

Establish the Normalized Fuzzy Decision Matrix

v

Construct the Fuzzy Weighted Normalized Decision Matrix

\4

Determine the Fuzzy Positive Ideal Solution and the Fuzzy Negative
Ideal Solution

\ 4

Calculate the Distance of Each Alternative from the Fuzzy Positive
Ideal Solution and the Fuzzy Negative Ideal Solution

\ 4

Calculate the Closeness Coefficient of Each Alternative

Y

Rank the Different Alternatives

Figure 5.8 Steps of the Fuzzy TOPSIS Technique

5.4.4.1 Define a Finite Set of Consultant Evaluation Criteria
Defining a set of evaluation criteria is the first step in solving the consultant selection problem.

The developed set of evaluation criteria was validated by industry experts, as discussed in detail

in Chapter 3.
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5.4.4.2 Establish the Fuzzy Decision Matrix
The general concept of constructing a decision matrix, as explained by Papathanasiou and Ploskas
(2018), was applied in this research. The ratings represent the evaluation of the decision maker k&

for m alternatives, A4, 4>, ..., An. Each alternative (i.e., consultant) is evaluated separately with

respect to each of the n criteria, C;, C», ..., C,. The decision matrix X = (xi j)mxn is formed by

the decision maker’s evaluations, and the vector of the criteria weights is represented as W = (wy,
w2, ..., wn), where the total weight of the n criteria for each alternative is 1, as shown in Equation

5.2 (Papathanasiou & Ploskas, 2018).

S w=1 (52)
j=1

Since the evaluation rules measure the different evaluation criteria, to avoid making any subjective
decisions, and the decision-maker is only required to check the fulfillment of the consultant to the
requirements of each rule, only one decision-maker £ is needed. Thus, the step of aggregating the
opinions of different decision-makers is not performed in this study. The total score S;,¢,; of all
rules forming each criterion C determines the linguistic rating (low, medium, high), where the
maximum score S,,,, a consultant can get is 100 for each criterion C. After the model calculates
the total scores of all criteria and converts them into linguistic ratings, these ratings are then
represented by trapezoidal fuzzy numbers. Equations 5.3 and 5.4, provided by Papathanasiou and

Ploskas (2018), represent the fuzzy decision matrix and the vector of criteria weights, respectively.

X11 X12 X1n

~ 5221 5222 on

D=| | . . . (5.3)
Xm1 Xm2 Xmn
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W = [Wl,Wz,...,Wn] (54)

Where X;; is a linguistic variable representing the performance rating and w; is a real number
representing the weight of the criterion; i= 1,2, ...,mandj =1, 2, ..., n. Since X;; is a linguistic

variable, it can be represented by trapezoidal fuzzy numbers such that X;; = (ay, by, cij, dy).

5.4.4.3 Establish the Normalized Fuzzy Decision Matrix

Normalization takes place to have values that can be comparable by removing their units. Thus,
values of the criteria weights are normalized, if needed, to have a sum of one. For the overall
ranking, where all evaluation criteria are included, their sum is equal to one (100%.), and so
normalization is not required. However, to obtain a separate ranking for the technical criteria
category (47%) and another ranking for the managerial and organizational criteria category (53%),
normalization is needed. That is because the sum of criteria weights in each category is not equal

to 100%, and so the model automatically normalizes the criteria weights in these cases.

The trapezoidal fuzzy numbers, representing the scores, are normalized to have a range of zero to

one rather than zero to 100, as indicated in Table 5.2.

Table 5.2 Linguistic Variables for the Ratings After Normalization

Linguistic Variable Trapezoidal Fuzzy Number
Low (0,0,0.40,0.50)
Medium (0.45,0.50,0.80,0.85)
High (0.80,0.90,1,1)
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The normalized fuzzy decision matrix is represented by Equation 5.5 (Papathanasiou & Ploskas,

2018).

Since no cost criteria are involved, normalization is performed only for the benefit criteria B, using

Equations 5.6 and 5.7 (Papathanasiou & Ploskas, 2018).

o ajj by; cij dij A i
7= (%2 G dy €B, i=12..
l] (d}f ) d}f ) d}k ) d}f ) _] ) l ) 7 m (5-6)

d}‘ = miaxdl-j, ifjeB, i=12,..m (5.7)

5.4.4.4 Construct the Fuzzy Weighted Normalized Decision Matrix
The fuzzy weighted normalized decision matrix V is created as described in Equations 5.8 and 5.9

(Papathanasiou & Ploskas, 2018).

V= [ﬁij]mxﬂ' i=12.m j=12.n (5.8)
ﬁij = ‘F'U()W], 1= 1’ 2’ ..m, ] — 1’ 2’ ) (59)

The criteria weights w; are real numbers not linguistic variables.

5.4.4.5 Determine the Fuzzy Positive Ideal Solution and the Fuzzy Negative Ideal Solution
The fuzzy positive ideal solution (FPIS) and the fuzzy negative ideal solution (FNIS) are

determined using Equations 5.10, 5.11, and 5.12 (Papathanasiou & Ploskas, 2018).

FPIS = At = (¢}, 95, ..., %)) 5.10
1 2 n
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FNIS=A" = (¥7,75, ..., Uy) (5.11)
Since the normalized values of ¥;; range from zero to one, ¥ and 7" are as follows:

7 = (1,111 and 7 = (0,000, j=1,2,..n (5.12)

5.4.4.6 Calculate the Distance of Each Alternative from the Fuzzy Positive Ideal Solution and
the Fuzzy Negative Ideal Solution

Since the alternatives in this study are the consultants, the distance from the FPIS and the FNIS
will be calculated for each consultant. The equation needed for measuring the distance between
two fuzzy numbers differs according to the shape used for those fuzzy numbers (e.g., triangular,
trapezoidal). Chen et al. (2006) used the vertex method to find the distance between two
trapezoidal fuzzy numbers, as presented in Equation 5.13, such that M = (m1, m2, m3, m4) and

fl = (n1,n2,n3,n4) are two trapezoidal fuzzy numbers.

d(m, ) = J} [(my —n)2 + (my —ny)2 + (mg = ng)? + (my = ny)?] (5-13)

The distance of each alternative from the FPIS and the FNIS is determined using Equations 5.14
and 5.15 (Papathanasiou & Ploskas, 2018).
n

Dif = Z d(7,77), i=12.m j=12.n (5.14)
j=1

n
D= d(yF), i=12.m j=12.n (5-15)
j=1
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5.4.4.7 Calculate the Closeness Coefficient of Each Alternative

The closeness coefficient CC; is required to obtain the ranking of different alternatives. The index
CC; reveals how near the alternative is to the FPIS (D;") and how far it is from the FNIS (D;")
(Nofal & Hammad, 2020). The closeness coefficient of each alternative is calculated using

Equation 5.16 (Papathanasiou & Ploskas, 2018).

D;
Df+D; ’

CCi: i=12,..m (516)

5.4.4.8 Rank the Different Alternatives

Ranking alternatives is the final step in the implementation of the fuzzy TOPSIS technique. As
explained by Papathanasiou and Ploskas (2018), the closer the closeness coefficient of the
alternative is to one, the better it is. Thus, the value of the closeness coefficient determines the

final ranking of the different alternatives (Papathanasiou & Ploskas, 2018).

5.5 Automation of the Consultant Evaluation and Ranking Process

5.5.1 Creation of Fuzzy TOPSIS Model Using Microsoft Excel

Microsoft Excel equations were initially used to build a fuzzy TOPSIS model template for the
computerization of the consultant ranking process. The Excel template includes three sheets: one
that calculates the overall ranking of consultants, another that calculates the consultants' ranking
based only on technical criteria, and a third that only ranks consultants based on the managerial
and organizational criteria. The steps of the fuzzy TOPSIS approach in the Excel template are
similar to those explained earlier in this chapter. SUM, MAX, MIN, SQRT, and RANK are some

of the Excel formulas utilized.

After the decision-maker checks the consultant's fulfillment of the evaluation rules’ requirements,

the trapezoidal fuzzy numbers representing the low, medium, and high ratings are fed into the
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Excel template. The number of alternatives in the Excel template is assumed to be three; if this
number changes, for example, if more alternatives are included, Excel formulas for the additional
alternatives shall be copied. The output of the template is the: (1) overall ranking of consultants,
(2) ranking of consultants for the technical criteria category, and (3) ranking of consultants for the

managerial and organizational criteria category.

5.5.2 Creation of a Comprehensive Decision Support System Using Python

The three-step consultant evaluation and ranking process, summarized earlier in Figure 5.1, was
coded in Python to automate the entire process. Four Python files were developed to conveniently
analyze each of the three steps of the process: one file for each step and a file linking the results of
the three other files together since the output of one file (i.e., one phase of the process) is the input
to the other file. The combined file's final output is an overall ranking of different consultants, a
ranking based on the technical criteria, and a ranking based on the managerial and organizational

criteria.

The first file is responsible for coding the pre-evaluation phase of the process in which the user of
the system (i.e., decision-maker) will be given a series of yes/no questions to do a quick screening
and shortlisting operation before the detailed evaluation. In Python, the "if" statement was used to
do this, as seen in Figure 5.9, which shows a portion of the developed code. These questions will

be asked for each consultant.
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print("\n")
print(style.UNDERLINE + style.BOLD + style.BLUE + "Pre-evaluation of {}".format(consultant))
firm_capacity = input(style.RESET + "1. Does the Consultant have sufficient resources allocated for this project? ")

if firm_capacity == "yes":
firm_stability = input("2. Are the past, present, and future financial status of the Consultant stable? ")
if firm_stability == "yes":

relevant_experience = input("3. Does the Consultant have proven experience in similar nature, scope, "
"and complexity projects? ")
if relevant_experience == "yes":
client_consuvltant_relationship = input("4. Is the Client-Consultant previous working relationship "
"satisfactory? ")

if client_consultant_relationship == "yes":
referees = input("5. Would the two referees work with the Consultant again? ")
if referees == "yes":

Figure 5.9 A Portion of the Model for Screening and Shortlisting Consultants

For the second step of the process, a second Python file was created. This file includes all the
evaluation criteria, evaluation rules, and the corresponding scores for those rules. Based on the
decision-maker's answers to the evaluation rules (yes/no/not applicable), the total score for each
criterion will be immediately calculated, which will then be automatically transformed to a low,
medium, or high rating. The “if ...elif ...else” statement was used for this purpose, as shown in

Figure 5.10. This step takes place for each consultant who has passed the screening phase.

117



print(style.RESET + style.UNDERLINE + style.MAGENTA + "For Criterion #6 - Risk Management:™)
list_c6 = []

criterioné_rulel

input(style.RESET + "6.1 Retrospective risk identification: risks that have occurred in the "
"past and for which knowledge in managing is available (e.g., the use of "
"checklists, RIM, SWOT analysis, interview): ")

criterions_rule2 = input("6.2 Prospective risk identification, which excludes past data (the use of creativity "
"tools (e.g., brainstorming, brainwriting, the Delphi technique, synectics): ")

criterioné_ruled = input("6.3 Classification of risks (e.g., guality, safety, schedule, cost, etc.): ")

criterions_rule4 = input("é6.4 Demonstration of potential opportunities, not just threats: ")

criterions_rule5 = input("6.5 Description of the risk analysis technique (e.g., quantitative) and assessment of "

"the 1likelihood and impact of each risk: ")
criterions_ruleé = input("é6.6 Proposed mitigation/response plan for each risk: ")

if criterioné_rulel == "yes":
co_rl =1

elif criterioné_rulel == "no":
co_rl =1

else:# for the "not

co_rl = 0
list_c6.append(cé_ri1)

Figure 5.10 A Portion of the Model for Obtaining Linguistic Ratings

As depicted in Figure 5.10, first, all the evaluation rules of the criterion are presented, and then the
“if ...elif ...else” statement takes place for each rule; the “else” part of the statement in this figure
denotes the situation in which the evaluation rule is not applicable, and the decision-maker is
requested to enter “na” in this case. Following the elimination of all the non-applicable rules in
each criterion, in case there are any, certain coded computations will be carried out to adjust the
scores; a small portion of these calculations is presented in Figure 5.11. For example, if the non-
applicable rules account for 30% of the total score of a criterion, which is originally 100%, the

remaining 70% of the score will be the new 100%.

for i in range(B, cé):
scores_co[i] = scores_ca[i] / sum_co
new_list_cé = []

if criterioné_rulel == "yes":
criterions_rulel = scores_c6[0]
else:# for the "no” answer

criterion6_rulel = @
new_list_c6.append(criterioné_rulel)

Figure 5.11 A Portion of the Model Computations After Eliminating the Non-Applicable Rules
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The third step of the automated process involves the fuzzy TOPSIS method calculations. A small
part of that code was obtained from Papathanasiou and Ploskas (2018); this part of the code
includes converting the linguistic variables for the ratings into a fuzzy decision matrix and

calculating the fuzzy weighted normalized decision matrix.

In step three of the process, the decision-maker is requested to specify the weight of each criterion,
as shown in Figure 5.12. The recommended criteria weights are also provided by the system for
the decision-maker, with a total of 47% for the technical criteria category and 53% for the

managerial and organizational criteria category, as explained in Chapter 3.
print(style.BOLD + style.BLUE + "The recommended weights (%) for the Technical Criteria are: [C1=2, C2=4, C3=4, C4=3,6 "
"€5-2, C6=3, C7=3, C8=3, C9=3, €10=6, C11=2, C12=4, C13=4, C14=4]")

print(style.UNDERLINE + style.BOLD + style.MAGENTA + "NOTE: The total weight of the Technical Criteria should be 47%")
print(style.RESET + style.BOLD + style.RED + "Please enter the weights without the % sign")

criterionl_weight = float(imput(style.RESET + "C1. Please enter the weight of the 'Proposal Quality' criterion: "))
cl_weight = criterionl_weight/108

criterion2_weight = float(input("C2. Please enter the weight of the 'Goals, Objectives and Tasks Comprehension' "
"criterion: "))
c2_weight = criterionZ_weight/108

criterion3_weight = float(input("C3. Please enter the weight of the 'Detailed Specific Description of Project "
"Approach' criterion: "))
c3_weight = criterion3_weight/108

Figure 5.12 A Portion of the Model for Obtaining the Criteria Weights from the Decision-Maker

Figure 5.13 represents part of the calculations performed by the fuzzy TOPSIS model. A list of
technical criteria is extracted from the original list containing all the criteria to obtain a ranking for
the technical criteria separately; the same took place to get a ranking for the managerial and

organizational criteria.

The decision-maker is allowed to enter the criteria weights because weights may differ from one

project to another depending on the characteristics of the project. For example, in a project where
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high innovation is required, the decision-maker can increase the percentage of the innovation and
value-added services criterion while maintaining a total of about 50% on the technical criteria

category.

criteria_weights = [cl_weight, c2_weight, c3_weight, c4_weight, c5_weight, cé_weight, c7_weight, cB8_weight, c9_weight,
cl8_weight, cll_weight, cl12_weight, cl3_weight, cl4a_weight, cl5_weight, clé_weight, cl7a_weight,
c17b_weight, c17c_weight, cl8_weight, cl19_weight, c20_weight, c21_weight, c22_weight]

crw = norm_weight(criteria_weights)# normolize criterio weights

extracted_technical_list = criteria_weights[:141# technicol criterio
norm_extracted_technical_list = norm_weight(extracted_technical_list)# n

extracted_managerial_list = criteria_weights[-10:1#

norm_extracted_managerial_list = norm_weight(extracted_managerial_list)#

rating_ranges = [[0, 0, 40, 50],[45, 50, 80, 85],[80, 90, 100, 108]1# Low, Medium & Hig

max_value_range =(max(map(lambda x: x[-1],rating_ranges)))
a = {"Low": [rating_ranges[o][6]/max_value_range, rating_ranges[0][1]/max_value_range, rating_ranges[o][2]/

max_value_range, rating_ranges[0][3]/max_value_range],
"Medium”: [rating_ranges[1][0]/max_value_range, rating_ranges[1]1[1]/max_value_range, rating_ranges[1][2]/
max_value_range, rating_ranges[1]1[3]/max_value_range],
"High": [rating_ranges[2][6]/max_value_range, rating_ranges[2][1]/max_value_range, rating_ranges[2][2]/
max_value_range, rating_ranges[2][3]/max_value_rangel}

Figure 5.13 A Portion of the Fuzzy TOPSIS Model Computations

The fourth file (combined file) reads from the three other files. To summarize how the decision
support system works, when the combined file is run, the decision-maker will first be asked to
enter some of the project characteristics and the weights of all the evaluation criteria, with
recommended weights provided. After that, the total number and the names of the different
consulting firms that will undergo the screening and shortlisting operation should be specified.
Detailed evaluation will then take place for the eligible consultants using the evaluation rules,

where the decision-maker is asked to provide yes/no/not applicable answers to these rules. The
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system will automatically calculate the low, medium, and high ratings, which will be utilized by

the fuzzy TOPSIS model to reach the desired goal of ranking consultants.

To ensure that the Python code works properly in terms of the calculations performed by the fuzzy
TOPSIS model, the Excel template described earlier in this chapter was used to validate the results.
Both models, Python and Excel, gave the same closeness coefficient values with the same ranking

of consultants.

5.6 Sensitivity Analysis

Saltelli et al. (2004) explained that sensitivity analysis was formerly thought of and described as a
local measure of the effect of a given input on a particular output. It can also be defined as “The
study of how the uncertainty in the output of a model (numerical or otherwise) can be apportioned

to different sources of uncertainty in the model input” (Saltelli et al., 2004).

Sensitivity analysis was performed by running the developed model through many different
scenarios to ensure that the model is sensitive to changes in its input and to make sure that its
output makes sense. For example, the number of consultants to be screened prior to the evaluation
was changed, and the yes/no answers to the pre-evaluation inquiries were also changed. For the
evaluation rules, the yes/no/not applicable answers were randomly changed several times to ensure
that the final score for each criterion is properly calculated and gives the correct conversion to low,
medium, and high ratings. The model output, which is the ranking of consultants, was different
each time in a way that makes sense in terms of the produced values. These checks took place for

both the Python and Excel models.
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5.7 Experts Validation of the Developed Decision Support System

5.7.1 Experts Feedback and Comments on the Developed Decision Support System

During the meeting that was held with experts from the industry to validate the evaluation rules
used for measuring different criteria, experts were also asked to validate the entire decision support
system. Initially, the whole model presented to the experts included yes/no answers to the
evaluation rules without the not applicable option as an answer for the rule. The experts mentioned
that the evaluation rules used for the large industrial type of projects might not be needed in many
cases where small projects take place. They also pointed out that the model should be adaptable
and flexible in terms of adjusting some parameters if needed since project characteristics differ

from one project to another.

For the evaluation rules, the experts suggested checking the vendor performance management
(VPM) evaluation form for consultants (post-performance evaluation), used by Alberta
Infrastructure (n.d.), which may contain some essential points that can be considered for evaluation

at an early stage (bidding stage) as well.

The experts highlighted the need to keep the 47%-53% kind of split between the (1) technical
criteria category and (2) managerial and organizational criteria category, respectively, which is
about 50% for each category. They stated that this idea works for all projects, and that is why it is
good to keep this division between them. As explained in Chapter 3, this division was obtained
from the analysis of 85 documents used by industry clients (public organizations in Alberta) for

evaluating and selecting consultants.

Furthermore, the experts mentioned the usefulness of being able to reuse some of the information

they provided for a specific project with specific characteristics and criteria weights in other
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projects with similar features so that the decision-maker does not have to re-enter the same data

for those projects.

5.7.2 Modifications Performed to Incorporate the Experts Comments

Some changes were made in response to the experts' comments. These comments are incorporated
in Chapters 4 and 5. The not applicable option for the rule was introduced to the decision support
system in case the rule is not needed for that specific project. Accordingly, the Python model was
adjusted in such a manner that, if any non-applicable rules are found, they are excluded from the
evaluation process by making certain modifications to the computations without affecting the
calculations of the other rules' scores. For example, if one or more rules are not relevant for a
certain criterion in a project, the system will automatically remove them when the user answers
"

no." The remaining relevant criteria will then be given adjusted scores, resulting in a total of

100% on the applicable rules' scores for each criterion

Because various project needs vary, criteria weights were modified from being pre-defined by the
system to being input by the user to make the system more flexible. If a criterion is not necessary
for a project, for example, it might be given a zero weight. The user can alternatively utilize the
system's recommended weights, which will be shown for the user to review before entering any

weights.

As suggested by the experts, consultant post-performance evaluation forms, which are part of the
Alberta’s VPM program for infrastructure projects (Alberta Infrastructure, n.d.), were checked to
analyze the KPIs used. Accordingly, some points were obtained from the aspects explained in
these forms and were included as evaluation rules for measuring the criteria. These points were

added to the rules in Table 4.1 and Table 4.2 in Chapter 4, and each one is explained as follows:
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For the quality of design/safety aspect in the form, it included having the design at each
stage fulfilling basic legislative requirements, codes, and standards related to safety,
accessibility, and community needs. Hence, this was added as the eighth rule for measuring
the “Detailed Specific Description of the Project Approach (Work Plan)” criterion
(additional rule 3.8). Furthermore, under the same aspect of quality of design/safety aspect,
a plan for providing a final product that functions (an effective, efficient, convenient, safe
product that is easy to operate and maintain) was another rule considered the same criterion
(additional rule 3.9). Because the form is concerned with post-evaluation rather than pre-

evaluation, the word "plan" was added to suit the bidding evaluation stage.

Regarding the quality control and inspection process, the post-performance evaluation
form included site monitoring/reviews and reporting; this part was added to the “Quality
Assurance and Quality Control” criterion as part of an existing rule (rule 10.6).

Under the “Project Organizational Chart and Description of Team Members” criterion, a
rule related to providing proficient contract administration, which is accurate, effective,
and organized, was added; for this rule, the consultant is required to provide a description
of the contract administrator who will be assigned to that specific project (additional rule

20.6).

Some other KPIs mentioned in the same post-performance evaluation forms were identified from

the analyzed RFPs and so were not repeated.

To keep the 47% and 53% division between the technical criteria category and the managerial and

organizational criteria category, respectively, the user of the decision support system will be
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alerted, via a printed message, to consider these percentages while entering the criteria weights so

that they can maintain about 50% for each category.

Regarding the experts’ opinion of having the option to use the same information they entered for
a project in other projects that have common characteristics, questions related to some project
characteristics will be asked to the user of the system at the beginning of the evaluation process,
and then the user will be asked to enter the criteria weights for that project. Hence, some project
characteristics, identified from the literature, include project complexity, project type, and project
size, which were mentioned by Chan et al. (2004) as project-related factors that impact the success
of a project, and were also mentioned by Ng and Skitmore (1999) as contractor prequalification
criteria. According to ACEC-BC (2016), projects which can be classified as small are the ones
with fees less than $75,000, projects with fees from $75,000 to $200,000 can be classified as

medium projects, and large projects are those with fees greater than $200,000.

In addition to the project characteristics outlined in the previous paragraph, environmental
considerations, sustainability, and green design, as well as innovation, are key elements that have
recently gained attention. For sustainability, it was mentioned by Chinowsky and Kingsley (2009)
as a social-related aspect. Also, since projects can be driven by schedule, resources, etc., the main

project driver was added as one of the considered project categorization factors.

The system's flexibility and adaptability were improved as a result of the changes made. It is
critical to set a limit on the system's flexibility to preserve the system's objectivity. That is because
too much flexibility (e.g., enabling the user to input whatever they desire) increases subjectivity in
the consultant evaluation and selection process, which is in direct opposition to the fundamental

aim of minimizing subjectivity and bias in the decision-making process.
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Chapter 6: Application of the Developed Decision Support System

6.1 Introduction

This chapter represents the implementation of the developed methodology for objective selection
of engineering consultants and application of the constructed decision support system. The
presented numerical example is comprehensive and will be explained in detail from the start (the

user input) to the end (the analytical model output, which is the ranking of consultants).

6.2 The User Input to the System
The first step in employing the developed decision support system is the need for the technical
criteria weights as well as the managerial and organizational criteria weights to be entered by the

user, according to the project characteristics inserted by the user, as shown in Figure 6.1.

Project Characteristics:

Q1. What is the type of the project? infrastructure

Q2. What is the size of the project? (the following are recommended: Small Projects < $75k, $75k <= Medium Projects <= $200k, Large Projects > $200k) medium
Q3. What is the level of complexity of the project? medium

Q4. What is the expected level of environmental, sustainability and green design considerations in the project? low

Q5. What is the expected level of innovation in the project? Llow

Qé. What is the main project driver? (e.g., schedule, resources) resources

@

@ @

The recommended weights (%) for the Technical Criteria are: [C1=2, C2=4, C3=4, C4=3, C5=2, C6=3, C7=3, C8=3, C9=3, C10=6, C11=2, C12=4, C13=4, Cl4=4]
NOTE: The total weight of the Technical Criteria should be 47%

Please enter the weights without the % sign

C1. Please enter the weight of the 'Proposal Quality' criterion: 2

C2. Please enter the weight of the 'Goals, Objectives and Tasks Comprehension' criterion: 4

C3. Please enter the weight of the 'Detailed Specific Description of Project Approach' criterion: 4

C4. Please enter the weight of the 'Communication Management (Project Communication Plan)' criterion: 3
C5. Please enter the weight of the 'Stakeholder Management' criterion: 2

C6. Please enter the weight of the 'Risk Management' criterion: 3

C7. Please enter the weight of the 'Safety Management' criterion: 3

C8. Please enter the weight of the 'Environmental Management' criterion: 3

C9. Please enter the weight of the 'Innovation and Value-added Services' criterion: 3

C18. Please enter the weight of the "Quality Assurance and Quality Control' criterion: &

C11. Please enter the weight of the "Dispute/Conflict Management and Resolution Approach' criterion: 2
C12. Please enter the weight of the 'Tasked-based Schedule' criterion: 4

C13. Please enter the weight of the 'Schedule Control Approach' criterion: 4

Cl4. Please enter the weight of the 'Cost Control Approach' criterion: &

Note that the total weight entered by the user for the Technical Criteria is: 47.0%

The recommended weights (%) for the Managerial and Organizational Criteria are: [C15=4, C1é6=4, C17a=5, C17b=5, C17c¢=5, C18=2, C19=18, C20=5, C21=7, C22=6]
NOTE: The total weight of the Managerial and Organizational Criteria should be 53%

Please enter the weights without the % sign

C15. Please enter the weight of the 'Overview of the Organization' criterion: 4

Figure 6.1 User Input to the Decision Support System
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For instance, if the decision-maker enters “high” for the level of innovation in that project, the
weight of the innovation and value-added services criterion should increase in this case. The same
concept can be applied to all other evaluation criteria according to the characteristics of the project.
The recommended weights, shown in Figure 6.1, are advised for standard projects that have no
special requirements. In the example presented in this chapter, weights were kept as recommended;
for example, “low” was assumed to be the expected level of innovation, and so the weight of the
innovation and value-added services criterion was kept as recommended (3%). However, the
decision-maker should maintain a total weight of 100% on all the criteria: around 50% on the
technical criteria and the same for the managerial and organizational criteria for all projects, as

advised by the industry experts.

6.3 The Pre-evaluation Stage of the Process

Following the user input stage, the decision-maker will be asked to specify the total number of
consultants that will be screened to check the eligibility of each consultant for the detailed
evaluation stage, as well as the names of the consultancy firms. After that, the pre-evaluation
inquiries will be asked to the decision-maker for each consultancy firm name entered, as presented
in Figure 6.2. A yes/no answer is required to determine the eligibility. In the presented example, it

is assumed Companies BB, DD, and EE are the ones eligible for the detailed evaluation stage.
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Please enter the total number of Consultants to be screened prior to evaluation: 5

Please enter the name of each Consultant:

Company AA

Company BB

Company CC

Company 0D

Company EE

['Company AA', 'Company BB', 'Company CC', *Company DD*, 'Company EE']

Pre-evaluation of Company AA

1. Does the Consultant have sufficient resources allocated for this project? yes
2. Are the past, present, and future financial status of the Consultant stable? no
FAILED! The Consultant is not eligible for the next evaluation stage

Pre-evaluation of Company BB

1. Dees the Consultant have sufficient resources allocated for this project? yes

2. Are the past, present, and future financial status of the Consultant stable? yes

3. Dees the Consultant have proven experience in similar nature, scope, and complexity projects? yes

4. Is the Client-Consultant previous working relationship satisfactory? yes

5. Would the two referees work with the Consultant again? yes

6. Is the health and safety record of the Consultant on previous projects acceptable? yes

7. Dees the Consultant have a record of unjustified claims in past projects? no

8. Has the Consultant failed to complete a contract, had a recent termination of a contract by the Client, or had withdrawn from a contract prematurely? no
PASSED! The Consultant is eligible for the next evalvation stage

Figure 6.2 Pre-evaluation Stage

6.4 The Detailed Evaluation Stage of the Process

After the pre-evaluation stage is completed for all consultants, yes/no/not applicable questions will
be asked to the decision-maker regarding the evaluation rules used for measuring the criteria, as
shown in Figure 6.3, to determine the linguistic ratings (low, medium, and high) objectively.
Detailed evaluation for the eligible consultants will commence in order, from the first company
that has passed the pre-evaluation stage until the last eligible one. In the presented example, all the
evaluation rules for all the criteria are assumed to be applicable; hence, yes/no answers to the rules

are required.

If an entire criterion is not applicable, all its evaluation rules must be answered with not applicable
(na). The user should also enter zero for this criterion’s weight from the start; therefore, a message
from the system will be printed for the user to alert them about this matter if they enter “na” for

all the evaluation rules of a single criterion.
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Evaluation of Company BB

(1) Evalvation of Technical Criteria - Project Comprehension and Methodology Criteria:

For Criterion #1 - Proposal Quality:

1.1 Complete proposal: yes

1.2 Detailed proposal with all the relevant information: yes
1.3 Clear proposal in terms of work description: yes

1.4 Well-presented proposal: no

The total score for the 'Pro al Quality' criterion is Mediu

For Criterion #2 - Goals, Objectives, and Tasks Comprehension:

Scope of work comprehension: yes

Detailed goals, objectives, and deliverables: yes

Roles and responsibilities comprehension: yes

Inclusion of the consultant's role in construction (e.g., shop drawing review and approval, final walkthroughs, construction inspections): no
Deep understanding of construction QA/QC: yes

Design vision - Illustrative project comprehension (e.g., plans, sketches): no

e total score for the 'Goals, Objectives, and Tasks Comprehensio criterlon 1s Hediun

For Criterion #3 - Detailed Specific Description of Project Approach (Work Plan)

3.1 Work Plan matches the RFP requirements: yes

3.2 Methodology rationale and constructability of design: yes

3.3 Inclusion of project specific required approaches: yes

3.4 Description of included, excluded and optional services, and those provided by others: yes
3.5 Integration of cross-disciplinary perspectives: yes
3.6
3.7
3.8
3.9

Integration of sub-consultants and/or specialists’ services: yes
Implementation of lean principles (e.g., identify and map value stream, create flow via waste removal, respond to customer pull, and strive for perfection): yes
Design at each stage fulfills basic legislative requirements, codes, and standards related to safety, accessibility, and community needs: yes
.9 Clear plan for providing a final product that functions; a product that is effective, efficient, convenient, safe, and easy to operate and maintain: yes
The total score for the 'Detailed Specific Description of Project Approach (Work Plan)' criterion is High

Figure 6.3 Detailed Evaluation Stage

6.5 The Fuzzy TOPSIS Stage
The Fuzzy TOPSIS part of the analytical model collects all the low, medium, and high ratings for
all the eligible consultants to perform all the required computations to obtain the ranking of

consultants.

6.5.1 The Fuzzy TOPSIS Computations

The scientific calculations performed by the developed Python model are not seen by the user; the
user only sees the ranking of different consultants in a fraction of a second. Table 6.1 lists the
criteria weights entered by the user, and Table 6.2 shows all the low, medium, and high ratings
generated by the model based on the answers to the evaluation rules. Criteria weights are similar
for all consultants, whereas the linguistic performance ratings differ from one consultant to the

other.
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Table 6.1 Criteria Weights

S.N. Criterion Criterion Weight %
Cl Proposal Quality 2
C2 Goals, Objectives, and Tasks Comprehension 4
C3 Detailed Specific Description of Project Approach (Work 4

Plan)
C4 Communications Management 3
C5 Stakeholder Management 2
C6 Risk Management 3
C7 Safety Management 3
C8 Environmental Management 3
C9 Innovation and Value-Added Services 3

C10 Quality Assurance and Quality Control 6
Cl1 Dispute/ Conflict Management and Resolution Approach 2
C12 Tasked-Based Schedule 4
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S.N.

Criterion

Criterion Weight %

C13

Cl4

CI5

Cl16

Cl7a

C17b

Cl7c

C18

C19

C20

C21

C22

Schedule Control Approach

Cost Control Approach

Overview of the Organization

Approaches to Lessons Learned and Knowledge Sharing
inside the Firm

Relevant Project A Completed by the Firm in the Past 5
Years

Relevant Project B Completed by the Firm in the Past 5
Years

Relevant Project C Completed by the Firm in the Past 5
Years

Ability to Create Long-Term Relationships with Clients

Project Leader Credentials

Project Organizational Chart and Description of Team

Members

Project Team Qualifications and Experience

Project Team Collaborative Projects

10
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Table 6.2 Linguistic Ratings of the Companies Under the Criteria

S.N. Company BB Company DD Company EE
Cl Medium Low High
C2 Medium Low Low
C3 High Medium Low
C4 Low Medium High
Cs Low Medium Medium
Cé6 Low Low High
C7 Medium Low Low
C8 Medium High Low
C9 Low Medium Low

C10 High Medium Medium

Cl1 Medium Low Medium
Cl12 Medium High Medium
C13 Medium Medium Low
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S.N. Company BB Company DD Company EE
Cl14 Low Low Low
C15 Medium Low Medium
Cl6 High Low High
Cl7a Medium Low Medium
C17b Medium High Medium
Cl7c Low Medium Medium
C18 High Medium Low
C19 Medium Low Low
C20 Medium Medium High
C21 High Low Medium
C22 Medium Low Medium
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To recall from Chapter 5, the trapezoidal numbers representing the low rating are (0,0,40,50),
medium rating is translated to (45,50,80,85), and it is (80,90,100,100) for the high rating.
Accordingly, the low, medium, and high ratings in Table 6.2 will be converted into these
trapezoidal numbers. Normalization will then take place to have a maximum value of one for the
scores instead of 100. For the criteria weights, their total is 100%, and so for the overall ranking,
normalization is not required; however, normalization will occur in case of the separate ranking
required for the technical criteria category and another ranking for the managerial and
organizational criteria category, since the total weight of the criteria in each category separately is

not equal to 100%.

The fuzzy weighted normalized decision matrix, presented in Table 6.3, is then constructed by
multiplying the weight of each criterion to each of the four normalized fuzzy numbers (forming
the trapezoidal shape); this takes place for every linguistic rating. For the matrix shown in Table
6.3, the criteria are represented horizontally, and the alternatives (consultants) are shown vertically
because the number of criteria is too big to be displayed in another way. Also, the numbers in the
same table are approximated to the nearest two decimal places instead of three to fit all the numbers

in one table.

134



Table 6.3 The Fuzzy Weighted Normalized Decision Matrix

S.N.

Company BB

Company DD

Company EE

Cl1

C2

C3

C4

C5

C6

C7

C8

C9

C10

Cl1

C12

Cl13

(0.01, 0.01, 0.02, 0.02)

(0.02, 0.02, 0.03, 0.03)

(0.03, 0.04, 0.04, 0.04)

(0.00, 0.00, 0.01, 0.02)

(0.00, 0.00, 0.01, 0.01)

(0.00, 0.00, 0.01, 0.02)

(0.01, 0.02, 0.02, 0.03)

(0.01, 0.02, 0.02, 0.03)

(0.00, 0.00, 0.01, 0.02)

(0.05, 0.05, 0.06, 0.06)

(0.01, 0.01, 0.02, 0.02)

(0.02, 0.02, 0.03, 0.03)

(0.02, 0.02, 0.03, 0.03)

(0.00, 0.00, 0.01, 0.01)

(0.00, 0.00, 0.02, 0.02)

(0.02, 0.02, 0.03, 0.03)

(0.00, 0.02, 0.02, 0.03)

(0.01, 0.01, 0.02, 0.02)

(0.00, 0.00, 0.01, 0.02)

(0.00, 0.00, 0.01, 0.02)

(0.02, 0.03, 0.03, 0.03)

(0.01, 0.02, 0.02, 0.03)

(0.03, 0.03, 0.05, 0.05)

(0.00, 0.00, 0.01, 0.01)

(0.03,0.04, 0.04, 0.04)

(0.02, 0.02, 0.03, 0.03)
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(0.02, 0.02, 0.02, 0.02)

(0.00, 0.00, 0.02, 0.02)

(0.00, 0.00, 0.02, 0.02)

(0.02, 0.03, 0.03, 0.03)

(0.01, 0.01, 0.02, 0.02)

(0.02, 0.03, 0.03, 0.03)

(0.00, 0.00, 0.01, 0.02)

(0.00, 0.00, 0.01, 0.02)

(0.00, 0.00, 0.01, 0.02)

(0.03, 0.03, 0.05, 0.05)

(0.01, 0.01, 0.02, 0.02)

(0.02, 0.02, 0.03, 0.03)

(0.00, 0.00, 0.02, 0.02)



S.N.

Company BB

Company DD

Company EE

Cl14

CI15

Cl16

Cl7a

C17b

Cl7c

C18

CI19

C20

C21

C22

(0.00, 0.00, 0.02, 0.02)

(0.02, 0.02, 0.03, 0.03)

(0.03,0.04, 0.04, 0.04)

(0.02, 0.03, 0.04, 0.04)

(0.02, 0.03, 0.04, 0.04)

(0.00, 0.00, 0.02, 0.03)

(0.02, 0.02, 0.02, 0.02)

(0.05, 0.05, 0.08, 0.09)

(0.02, 0.03, 0.04, 0.04)

(0.06, 0.06, 0.07, 0.07)

(0.03, 0.03, 0.05, 0.05)

(0.00, 0.00, 0.02, 0.02)

(0.00, 0.00, 0.02, 0.02)

(0.00, 0.00, 0.02, 0.02)

(0.00, 0.00, 0.02, 0.03)

(0.04, 0.05, 0.05, 0.05)

(0.02, 0.03, 0.04, 0.04)

(0.01, 0.01, 0.02, 0.02)

(0.00, 0.00, 0.04, 0.05)

(0.02, 0.03, 0.04, 0.04)

(0.00, 0.00, 0.03, 0.04)

(0.00, 0.00, 0.02, 0.03)

(0.00, 0.00, 0.02, 0.02)

(0.02, 0.02, 0.03, 0.03)

(0.03,0.04, 0.04, 0.04)

(0.02, 0.03, 0.04, 0.04)

(0.02, 0.03, 0.04, 0.04)

(0.02, 0.03, 0.04, 0.04)

(0.00, 0.00, 0.01, 0.01)

(0.00, 0.00, 0.04, 0.05)

(0.04, 0.05, 0.05, 0.05)

(0.03, 0.04, 0.06, 0.06)

(0.03, 0.03, 0.05, 0.05)
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In the next step, the fuzzy positive ideal solution and the fuzzy negative ideal solution are
determined, as explained in detail in Chapter 5. The defuzzification process takes place by
converting the fuzzy values into crisp values. The results are summarized in Table 6.4; this table
includes the distance of each alternative from the positive ideal solution D;", the distance of each
alternative from the negative ideal solution D;, the closeness coefficient CC;, and the overall

ranking of each consultant.

Table 6.4 Overall Ranking Results

Alternative Df D; CC; Overall Ranking
Company BB 0.142 0.324 0.696 1
Company DD 0.319 0.147 0.315 3
Company EE 0.232 0.234 0.502 2

Figure 6.4 illustrates a comparison between the results of the overall ranking, where the distance
of each company from the positive ideal solution, the distance of each company from the negative

ideal solution, and the closeness coefficients are presented.
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Figure 6.4 Comparison between the Overall Ranking Results

Since the model provides a ranking for the technical criteria category as well as the managerial
and organizational criteria category, Table 6.5 and Table 6.6 summarize the results for each

category, respectively.

Table 6.5 Technical Criteria Ranking Results

Alternative D} D; CC; Technical Criteria
Ranking
Company BB 0.193 0.263 0.576 1
Company DD 0.240 0.217 0.475 2
Company EE 0.297 0.159 0.348 3
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Table 6.6 Managerial and Organizational Criteria Ranking Results

Alternative Df D; CC; Managerial and
Organizational

Criteria Ranking

Company BB 0.096 0.378 0.798 1
Company DD 0.390 0.084 0.177 3
Company EE 0.174 0.300 0.631 2

Figure 6.5 depicts how the Python model shows the ranking. The Python model outputs were
compared to the results from the Microsoft Excel template, and both yielded the same results. The

Python model results are sorted from the highest to the lowest-ranked consultant.

OVERALL ranking of Consultants from the highest to the lowest is:
Company BB 0.696
Company EE 8.5082
Company DD 8.315

Ranking of Consultants from the highest to the lowest for the Technical Criteria only is:
Company BB 8.576
Company DD 8.475
Company EE 0.348

Ranking of Consultants from the highest to the lowest for the Managerial and Organizational Criteria only is:
Company BB 0.798
Company EE 8.631
Company DD 8.177

Figure 6.5 The Final Output of the Analytical Python Model

139



The results indicate that Company BB is the most qualified in every category: overall, technical,

and managerial and organizational.

One of the major advantages of obtaining a breakdown for the overall ranking is that if two
companies, for example, have a nearly identical ranking, the ranking in terms of the technical
criteria category, as well as the managerial and organizational criteria category, can be analyzed
separately to check whether the overall ranking of these companies is nearly similar because of the

former category or the latter category, or both.
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Chapter 7: Conclusion

7.1 Summary

Different procurement methods exist for evaluating and selecting engineering consultants. Clients,
especially from the public sector, prefer priced based selection, although it has many shortcomings.
On the other hand, the QBS procurement method, which excludes price criteria, considers essential
skills and capabilities that the consultant evaluation and selection process relies on to decide upon
the most competent consultant for a particular project. Hence, there was a need for determining all
the necessary criteria which are vital for proper and comprehensive evaluation of consultants. For
example, the future of construction is moving towards being sustainable and smart (i.e.,

innovative), and thus both aspects were covered.

A theoretical consultant evaluation and selection model was developed. This model comprises a
standard set of evaluation criteria and sub-criteria, which were identified from the analyzed RFP
documents and literature, with their weights. Because those criteria are qualitative, scientific
research was conducted to find an objective solution to measure them. Decision-making rules were
found to be the most suitable approach. Accordingly, evaluation rules were determined from the
literature, as well as the descriptions of the criteria, sub-criteria, and proposal requirements in the
analyzed dataset. Consultant post-performance evaluation forms, used by Alberta Infrastructure,

were also checked to look for any additional evaluation rules which may be necessary.

For the analytical model development, fuzzy TOPSIS was found to be the suitable approach for
dealing with the consultant evaluation and ranking problem after a review of the literature to
understand how different MCDM techniques work. Everything in fuzzy logic is a matter of degree,

and it does not deal with crisp values, whereas TOPSIS works with exact values and performs
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mathematical computations to provide the ranking of consultants. Scores were assigned to the
developed evaluation rules to measure the low, medium, and high ratings for the criteria. These
ratings were then translated by the fuzzy logic technique into a range of fuzzy numbers, which
were dealt with by the fuzzy TOPSIS model. The entire process was coded in Python to automate
it. As a result, the primary goal of this research was achieved, which is the development of an
automated decision support system to aid in evaluating and selecting competent consultants with

minimal subjectivity.

7.2 Conclusion

It can be concluded from this research that QBS is the proper procurement method for determining
competent consultants since the inclusion of price usually impacts the analysis of the consultant
qualifications. A complete set of consultant evaluation criteria was identified, and the statistical
analysis of 85 RFP documents resulted in the determination of the weights for the main criteria
categories. In addition, the problem of subjective decisions was addressed through the
establishment of evaluation rules for measuring criteria. Fuzzy TOPSIS, for multi-criteria
decision-making, was utilized to deal with a significant real-life problem, where trapezoidal fuzzy
numbers were used instead of triangular ones because the trapezoid shape is more suitable for
dealing with the consultant selection problem. Finally, the decision support system was validated
by industry experts, including validation of the evaluation criteria, evaluation rules, and the system
as a whole, and the constructed analytical model can be used as a tool to objectively assist owners

in selecting qualified consultants.

For the advantages of the developed decision support system, it (1) increases objectivity and
improves transparency, fairness, and consistency in the consultant evaluation process, as well as

systemizes it, (2) screens and shortlists consultants for a quick review of some essential aspects
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before the detailed evaluation, (3) performs a detailed evaluation of eligible consultants using the
identified set of criteria, (4) minimizes the need for group decision-making through the
employment of the evaluation rules, (5) enhances the level of innovation and sustainability
considerations in construction projects because consultants are not under the usual financial
pressure that generally affects the quality of the product, (6) provides a reliable system that is easy
to understand and use by decision-makers, (7) establishes an adaptable and flexible system that
can be utilized for different projects by eliminating any non-applicable criteria and evaluation rules
as well as changing the criteria weights based on the project characteristics, and (8) provides a

breakdown for the ranking of consultants.

7.3 Limitations

The analyzed documents are RFPs used by public owners in Alberta to evaluate and select
consultants. Therefore, limitations of the model arise from the need to integrate client documents
from outside Alberta to study the different evaluation criteria and criteria weights used in those
documents. In addition, three experts from the industry were involved in the model validation
process. This may be viewed as a limitation, as more experts from different companies were

needed to form a larger panel of experts.

7.4 Recommendations for Future Work

Since the analyzed RFP documents are used by public owners in Alberta only, the dataset can be
extended by including RFPs from other provinces in Canada. In addition, the developed set of
evaluation criteria and sub-criteria can be updated from time to time based on the market changes.
For example, analyzing crisis management and adding it as an evaluation criterion, where the

consultant shall be asked to provide a plan for managing a crisis if it occurred.
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The developed computerized model can be enriched to include the ability to save templates for
various project categories, allowing decision-makers to save their inputs (project characteristics,
criteria weights, and any non-applicable evaluation rules) for a certain project and reuse them in
other projects that have similar characteristics and requirements. The management staff of the
organization can hold a meeting just to agree on the criteria weights to be used for each project

template.

Furthermore, the developed decision support system can be added online and made accessible for
owners to assist them in evaluating and selecting consultants. It can also be utilized to assist in the
selection of competent contractors, which can take place after a thorough analysis of all the

evaluation criteria and evaluation rules needed for assessing contractors.
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