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The Ambiguous Proposal Evaluation Problem

Abstract:

A complex decision-making challenge senior managers commonly face is the selection of the
winning bid from multiple project proposals. Project selection decisions become more complex when
providers deliberately choose to introduce ambiguity to their project proposals rather than address the
client’s predetermined set of desired specifications. In particular, providers suggest in their proposals
a range of values for some product specifications. Providers introdur= a.~biguity for various reasons,
such as future technological advances and strategic misreprosctauon. Further, such disruptive
behaviour is tolerated by clients for reasons such as ambitio.. lack of knowledge, uncertain needs,
complexity and a lack of competition. This paper defines the «mbiguous proposal evaluation problem
and develops a solution which enables such proposs 10 be compared and ranked. The solution is
developed through the utilisation of fuzzy k eic .n combination with a multi-criteria decision-making
method, namely the best worst method (RWM), and is illustrated on a procurement project. The
contribution of this paper is firstly to ¢2fine a practical problem in the literature and secondly to
develop a solution which enables -anx’ng ambiguous options.

Keywords: Proposal selection. nroslem; ambiguous specifications; MCDM methods; soft computing

1. Introduction

The decision which p.uject proposal to select in a bid process is a complex one for senior
managers, with significant future implication for their organisation. The process of selecting the
winning bid from multiple project proposals commonly commences with the project client
organisation’s request for proposals from external providers (Schaeffer & Cruz-Reyes, 2016). While
the proposals are expected to comply with a predetermined set of desired specifications, known as
project scope (Burgelman & Vanhoucke, 2020), providers often introduce ambiguity into the scope

of their proposals (Asadabadi & Sharpe, 2019). This ambiguity makes the proposal evaluation



process challenging as the client organisation becomes unable to clearly compare the proposals. This
is labelled in this paper as the “ambiguous proposal evaluation problem” and is defined as clients
evaluating various project proposals that include ambiguity in their scope.

Ambiguity is generally introduced to the scope by potential providers for reasons such as
uncertainty with regard to future technological advances (Melander & Lakemond, 2015) and strategic
misinterpretation for increasing their future potential earnings (Fugger et al., 2019). This providers’
disruptive behaviour typically involves the introduction of a range of ~ilues for product
specifications rather than a confirmation that they will meet the pre leter mined scope required by the
client precisely. Interestingly, clients commonly tolerate this ¢is. 'n*.ve behaviour for various
reasons, such as hoping to materialise upside of the ambig ity ater in the project (Flyvbjerg, 2009)
and lack of sufficient domain knowledge to discuss 7.0 specify the details (Atkinson et al., 2006).
Given the aforementioned reasons from both ~... vi=rs and clients, the ambiguous proposal
evaluation problem is common and has signific.t implication on the decision making process when
selecting a winning bid. In particular, tFis ~muiguity may cause decision failure in selecting the best
proposal and may result in the selec ion of a proposal which is unable to deliver the client’s original
expectations.

However, the existing 1ter. ture does not discuss the problem of evaluating and comparing
proposals with ambiguous s pecifications. Although the research acknowledges the existence of
uncertainty in the selection process (Pramanik et al., 2019), it commonly assumes clarity in the
available options. The consideration of uncertainty in the selection process has so far been in regard
to ‘obtaining the weightings of the evaluation criteria’, or ‘assigning scores to the options with
respect to the criteria’ — which fails to consider the possibility of having ambiguous options. Despite
its significance, the ambiguous proposal evaluation problem seems to be understudied in the

research.



Therefore, this study attempts to address the following research question: “How can ambiguous
proposals be compared and ranked effectively to support decision making?”. To address this research
question, the paper develops a solution utilising fuzzy logic in combination with a multi-criteria
decision-making method (MCDM), namely best worst method (BWM). In the proposed solution, to
enable a comparison of the available options, subject-matter experts from the client side modify the
range of values suggested in the available proposals. Taking into account their level of confidence in
the modified specification, the relative importance of each product chL. acteristic and the client’s
desired ranges for the specifications, a satisfactory score for each p.opo: al is computed and the
proposals are ranked. The paper contributes to the Decision Scie.>ce iiterature by developing new
knowledge to support decision making under ambiguity. ' pai ‘icular, the paper defines and solves
the ambiguous proposal evaluation problem and pro- i s a suitable platform for making effective
decisions regarding the evaluation and approv.. »t . abiguous project proposals. The paper further
enhances the current knowledge on capabilities ~f decision support systems by showing that even
when options are ambiguous, individua’s « "n use decision support systems and do not have to
proceed subjectively or intuitively.

The remainder of this paper .- as follows. Section 2 provides a brief review of the relevant
papers. Section 3 discusse the vroblem and provides a case illustration. The solution is proposed in
Section 4, and illustrated in Section 5.

2. Literature review

This review covers the most relevant literature related to the ambiguous proposal evaluation
problem, in particular requirement specification, as well as prior applications of BWM and fuzzy
logic in the field of project evaluation.

2.1 Requirement specification



The existing literature on requirement specification is mostly in the context of software
engineering. This is probably due to the complexity of requirement identification and the difficulties
in requirement definition in the field of software engineering.

Diverse tools and techniques have been applied to improve the quality of requirements. A study
by Vilpola and Kouri (2005) deals with requirement specification in enterprise resource planning
(ERP) systems. ERP is an example of complex projects that involve the definition of multiple
requirements. As the number of requirements increase, the risk releva-. to stating requirements
ambiguously, with internal conflicts, or those that are unverifiable, \lso ncreases. Similarly, Mallek
et al. (2012) focus on requirement specification aiming to imr .0 .= r_quirement verifiability. A
survey is conducted to enrich the list of requirements fror- difi :rent partners. Zuo (2010) proposes a
framework to specify requirements aiming to improv . ~ ystem survivability (a system’s ability to
provide essential services and recover, in the - .. = ¢ attacks and failures). Rashid et al. (2006) argue
that the requirement specification process needs *o extensively involve users in the process and since
users are not experts in the software do as'n, wey design a user-friendly visual requirement
specification process. In a very sim® ar s.ady, Bang (2007) develops an agile requirement
specification approach in softwa. = e..gineering to increase the speed of the specification process
through face-to-face comn uni ations. There are also examples of applications of text mining tools
and techniques to identify v ords and sentences that have the potential to create ambiguity later in the
software development process. Femmer et al. (Femmer et al., 2014) develop a text-mining-based tool
capable of identifying the above-mentioned ambiguity and examine methods on documents written
in German utilising dictionaries and part of speech (POS) tagging. The accuracy of the method is
later evaluated in another study by Femmer et al. (2017). Various tools and techniques have been
developed to improve the quality of requirements in the domain of software engineering.

After reviewing the most related papers, it becomes clear that insufficient research attention has

been given to the ambiguous project proposal evaluation problem. The only relevant paper is a recent



study by Asadabadi et al. (2019), which focuses on requirement specification in large-scale projects.
They suggest focusing on information that is not stated in the project’s documentation but is implied.
Such information may include ambiguity and fuzziness. They develop a method, relying on fuzzy set
theory, to identify and address such fuzziness. While we acknowledge the necessity of further studies
on requirement specification in large-scale projects, the problem discussed here will remain novel
even after such future studies. In this paper, the focus is on the case where the requirements are set
unambiguously by the client. However, for the reasons explained in t. <. introduction, the potential
providers involve ambiguity in the process. This ambiguity makes ie e -aluation process a
challenging problem for which a solution will be proposed in hi n~per (see Section 5). In the next
section, the existing applications of MCDM methods to a- dres : project and portfolio selection
problems are reviewed.

2.2 Applications of MCDM methods in . 9jc "t evaluation

The project selection problem usually requu s evaluating the performance of the available
projects with respect to selecting criteri .. “escarch has already examined MCDM methods to
evaluate the available projects and 7 roviles solutions for selection problems, especially in complex
projects. A review of the researc: is ziven in this section.

Mavrotas et al. (2015) stua ' the robustness and reliability of the information that
managers/decision makers ) ceive. They focus on reducing the uncertainty of such information by
proposing a multi-objective combinatorial optimisation approach, which utilises the Monte Carlo
simulation process. Jeng and Huang (2015) propose a decision model for evaluating project
portfolios in the initial stages of a research program. They develop a model that relies on two
techniques: ANP and Delphi. Although their study discusses an interesting case of portfolio
evaluation and provides a rational list of decision criteria, their justification of ANP applications does
not seem to be quite valid. For example, it is not clear how and why the criteria affect their own

weightings and why such consideration makes the model more reliable. While admitting that the



consideration of the ANP approach makes the selection model less sensitive to changes in criteria
weightings, this is not necessarily a positive characteristic for a selection model. Karasakal and Aker
(2017) prioritise a set of projects by designing a hierarchal structure to identify the most important
evaluation criteria, relying on the analytic hierarchy process (AHP). Fiala (2018) assumes budget
restrictions when developing an evaluation approach which relies on data envelopment analysis.
Bonetti et al. (2012) use ordered weighted mean to aggregate individual estimates in project
management and exploit the synergies between experts and non-expe.*s in an MCDM framework.
These papers are examples of the relevant applications of MCD M tc address selection problems
in project management. This study utilises a recent MCDM ar p1o2c’y, namely the best worst method
(BWM) (Rezaei, 2015). In this method, firstly the best an- wo. st criteria are selected. Then, other
criteria are compared with them and relative weighti'.g: are assigned. Despite the fact that this
method was proposed only recently, it has rec .. -eu ~onsiderable attention (Kheybari et al., 2019).
While applications of BWM to address differen. nroblems have been proposed, the method has not
yet been applied to evaluate multiple prop >sais. In this study, BWM is used to find the importance

weightings of different characterist*s/sy. >cifications of the proposed solutions.

2.3 Soft computing ir prdiect evaluation

Soft computing techniqg: es are commonly used to address a range of uncertainty-related problems
in the literature (Chan et al., 2019; Chica et al., 2016; Kwok & Lau, 2019). There are examples of
applying soft computing techniques, i.e. fuzzy models, in combination with MCDM methods to
evaluate multiple projects, some of which are reviewed here.

Schaeffer and Cruz (2016) focus on the project evaluation process where budget is the main
constraint of the selection problem. They divide each proposal into its various tasks and develop a
fuzzy-based model to compare the proposals. The application of fuzzy set theory in their study aims

to cover uncertainty with regard to project budget. In a similar study, Perez and Gomez (2016)



develop a project evaluation approach with a fuzzy budget constraint. Considering the budget
constraint, they provide a ranking of projects to help managers select those which contribute more to
achieving the objectives. By contrast, Zhang et al. (2019) utilise fuzzy linguistic preference relations
to deal with the impreciseness and uncertainty of criteria weightings and the available historical data
in project portfolio selection. Jafarzadeh et al. (2018) highlight the importance of prioritising the
existing projects considering the budget limitations that exist in almost every organisation. They
propose a combination of data envelopment analysis and quality func.? )n deployment. In their
proposed method, fuzzy logic is utilised to deal with the impreciser =ss « f the relations among
elements of quality function deployment. Zhou et al. (2019) p op~<¢ a group decision making model
to rank projects. In the proposed group decision-making r ode. fuzzy modelling is used to deal with
the uncertainty of the decision environment. Further u:.v use hesitant fuzzy numbers to compute the
return and risk of the projects. An extensive a-,."ic.*ion of fuzzy set theory can be observed in the
study on project portfolio evaluation conductea v Guo et al. (2018). Their proposed selection model
is designed to select those projects whirn ~aximise strategic contribution and financial returns. To
do so, parameters, such as financia! retu. 1s, costs, potential risks, resources, and even the objective
function, are structured using fu.~y .aodels to reduce uncertainty in their proposed decision model.

Despite the existing af slic. tions of fuzzy logic in project evaluation, no study has focused on the
evaluation problem where 1 roviders intentionally involve ambiguity in the project specifications. The
literature usually takes project specifications into consideration as a whole, with the name of quality
or scope, and a score is assigned to it, usually based on a subjective judgment (Nydick & Hill, 1992).
The proposal evaluation process under ambiguity has not been discussed in the literature and further
studies are needed to investigate its various aspects. In a more telescopic view, the existing literature
on applications of fuzzy logic to address uncertainty in MCDM problems usually focuses on

uncertainty in computing the weightings of the decision criteria or assigns scores to alternatives with



respect to the criteria. The aforementioned literature does consider the ambiguity of alternatives as a
problem for which this paper develops a solution.

3. The ambiguous proposal evaluation problem

In this section we define the problem in practice and its implications to decision making and
organisation performance. As mentioned in the introduction, even though clients request providers to
explicitly commit to what they will deliver, potential providers typically involve ambiguity when
responding to bid requests. Two key reasons for this disruptive behav ~.ur are: (1) technological
uncertainty — provider uncertainty regarding future technological ac vanc es that may occur during a
long project life (Melander & Lakemond, 2015); and (2) stratc gio m.srepresentation - manipulation
of information by the provider in order to win the project 'y in plying that the product specifications
may be better than requested, yet later meeting only *.ic lower bounds of the ambiguous scope
(Fugger et al., 2019). If the client insists on hi_..~r .*andards, the provider is still able to negotiate
additional funding for the surplus work requirec to achieve the scope. Clients, on the other hand,
tolerate this disruptive behaviour and d-, 1 >t suress providers to eliminate ambiguity before
proceeding with the evaluation proc2ss 1or various reasons: (1) ambition - the client is ambitious,
hoping that the better proposed s,ec.fication ranges will materialise later in the project (Flyvbjerg,
2009); (2) a lack of knowl dge - the client is less knowledgeable and experienced than the providers
about the product which wi 1 be delivered and therefore, is less confident about their own initial
specifications of the final product (Atkinson et al., 2006); (3) uncertainty - the project will commonly
be delivered after a long period of time, during which the specifications of the product are unlikely to
remain the same, so insisting on precise specifications may be pointless (Jayatilleke & Lai, 2018); (4)
complexity — the client acknowledges that the number of requirements is large, and it might be
difficult for providers to precisely deliver all the product’s specifications (Asadabadi et al., 2019);
and (5) a lack of competition - there is a limited number of qualified providers and it is not wise to

eliminate proposals only because of ambiguity (Parker & Hartley, 2003).



3.1 Problem definition

To illustrate the nature of the problem, assume that the client requests proposals to build a
product with only two specifications, namely x and y, which can be considered as the scope of the
project. If precise specifications are received, the evaluation process is less challenging as it can be
solved as a simple MCDM problem: specifications have different weightings of importance and
depending on how satisfactory each proposal is with respect to the specifications, the proposals are
ranked. In other words, the suggested specifications are compared wi.*" respect to the utility curve of
the client. Figures 1a and 1b illustrate two different situations that t e c) ent may confront depending
on the received proposals. The proposals may be viewed as ec ua'lv .ttractive (Figure 1a), or one may
be located on a higher utility curve and is therefore more - ftrac iive (Figure 1b). In the first case, the
proposals have the same satisfaction level regarding “uc proposed scope and therefore only the
performance of the proposals with regard to tF.c ~tuor criteria (e.g. time or cost) need to be considered
to select one. In the second case, the MCDM mv. *hod finds the relative ranking of the two, which is
then considered alongside the performa ic . ot the proposals with regard to the other criteria to select
one. However, in practice, the case “eco.mes more complicated. Providers often involve ambiguity in
the specifications of the future p. ~duct, as presented in Figure 1c. More specifically, instead of
precisely stating what the pec.fications of the product are, the providers may suggest ranges for
specifications, e.g. between x; and x; and y; and y,. In such cases, it is quite challenging to compare
these proposals with regard to the suggested specifications before moving to the next step. For
instance, although both the upper and lower bounds of the ranges suggested by provider A in Figure
1c seem to be better than those suggested by provider B, it does not necessary mean that the precise

specifications delivered by provider A will be better than provider B’s.
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Figure 1: Proposals with two requested specifications

To illustrate further, in the case of procuring some engines, n th ir request, the client determines
the need for a speed of 3,500 rpm and torque of 600 nm. A .~vider may state in their response to
this request that:

“The product will have the speed of 3,300-4,000 rom -=d the torque of 450-700 nm. Note that our
engines are made using xyz technology whic:. < wables them to work in high temperature, which is
usually more important to organisations because...”

The above response not only inv~.es ~.nbiguity in the suggested specifications, but also
introduces other ambiguous requi. »ments to the product. This extra information can be used to
educate the client about wh2* t1,0v really need, the utilisation of which may require further study.
Here, the extra informatic ~ 1s disregarded, and the proposals with ambiguous scopes are evaluated.

The ambiguity of the specifications stated by the providers, as illustrated in Figure 1c, makes the
comparison process challenging. Note that even if we assume that the only reason for involving
ambiguity in the process — e.g. suggesting intervals for specifications rather than specifically
expressing them — is due to the providers’ lack of knowledge about the final products in the early
stages of projects, it is still hard to believe that these intervals are suggested impartially with no bias

or exaggeration. Given this, the suggested ranges for specifications must not be the basis for

decisions without analyses and modifications. While the MCDM literature provides solutions when



the decision criteria, e.g. specification x and y, are ambiguous, no methodological solution has been
proposed to address the problem of ambiguous alternatives, e.g. ambiguous proposals.

3.2 Problem case illustration: The Australian Navy submarine project

Due to the reasons explained earlier, namely ambition, lack of knowledge, uncertainty,
complexity, and a lack of competition, it is often the case that there is a need to evaluate ambiguous
proposals, especially in the public sector. Take the recent procurement project owned by the
Australian government as an example: the Shortfin Barracuda Class s.">marines project. The
Australian government received three proposals for this project fro. 1 Ge rman, French, and Japanese
companies. While the Japanese option (Soryu class submarine s) va- the least ambiguous choice
(almost buying off the shelf), the two other proposals wer: cor siderably ambiguous regarding the
specifications of future deliverables (Asadabadi & S'.a: pe, 2019). For instance, the French option
would require the replacement of the nuclear ~..in. and therefore, the entire system would need to
be completely adapted, and the German option . 'ould require the combat system to be replaced and
the submarine size to be doubled (Joine. ¢. Reay Atkinson, 2016; Sam, 2016). Such huge variations
on billion-dollar products, especial’:’ in . 2lation to the French case, creates considerable ambiguity
and uncertainty with regard to ti.> pc:formance of the products (to be delivered after decades).
Although Tokyo was fairl: co: fident of winning the project (Hollingsbee, 2016), their failure could
have been expected becausc their proposal was quite straight forward and hence in contrast with the
government’s interest in ambiguous projects.. Due to the sensitivity of the case, we might not be able
to investigate and find detailed evidence (at least for several years), but we believe their proposal did
not have a high chance of success, even though the product was well designed, and the price was
completely reasonable and justifiable (about A$15 billion cheaper than the French submarines). It is
suggested that one reason for keeping the Japanese in the tendering process was to have a base for
comparing the other two. We believe the Japanese could have had a chance by involving ambiguity

and proposing an ambitious project which could be more appealing to the Australian government;



and the ambiguity could be resolved and settled later in the project, maybe years after winning the
bid. Note that terminating a project or switching to another provider becomes costlier after the
project has commenced and the power of the government to do so diminishes (due to public and
media pressure accusing the government of making a costly mistake) (Asadabadi & Sharpe, 2019).
In practice, the government’s neutral or avid attitude to ambiguity means that ambiguity
continues to exist. This attitude is mainly due to two reasons. Firstly, when decision makers use
public money, they are less concerned about the amount of money the* expend (compared with the
private sector). Secondly, decision makers are inherently interested in p: oposals that are unique even
though they are ambiguous and costly. It is disappointing, but it .~ 1 ideniable that governments
tolerate proposals that contain ambiguity. Governments’ ;> “ope 1sity to initiate unique and ambitious
projects often results in unnecessary costs and the w-.su of public money. This ambition is usually
costly and may result in the downside of the » .."ig. ity being realised in later stages of the project
where people ultimately have to pay (in the casc of Shortfin Class Submarines, it cost the Australian
taxpayer $2000 per person for a project w rth A$50 billion). Note that even in relation to undeniably
unsuccessful projects, governments have to exaggerate the outcomes to lessen media and public
pressure. The same reason preve.'ts Jaem from terminating a project, even if all signs indicate that it
is best terminated. An exa aple of the receipt of low-quality products is the Collins Class Submarines
that may unfortunately still e referred to as an achievement by some public servants, despite
hundreds of problematic issues with the delivered products, from fuel tanks and engines to propellers
(Yule & Woolner, 2008). The submarines were demonstrably unable to meet the required
performance due to design deficiencies and operational limitations (Australian-National-Audit-
Office, 1997; Yule & Woolner, 2008). The project cost considerably more than the budget and was
delivered with significant delay. One of the areas that is questioned in this project is the selection of a

proposal with ambiguous and ambitious specifications proposed by Kockums, a Swedish company.



Considering this study’s scope, this paper only focuses on the technical side of the problem as
follows. While there are a huge number of specifications in the case of building submarines, Figure
2a shows the specifications of the three submarine options were reduced to two: speed and engine
power. Assume that the German and French proposals propose ranges for these two specifications

while the Japanese proposal is precise, as presented in Figure 2a.

S — ® German
) 4 = French
é g #* Japanese
2\ H\a
= 2 .
= X = \*
Speed Speea
a — Proposals with ambiguous B — This p~rer proposes a model that allows
specifications (German and French evaluation of proposals with ambiguous
submarines) specifica. ons.

Figure 2: French, German and Japanese suv.* .rine proposals

The next section suggests a model that .nables ranges of specifications to be turned into precise
ones for evaluation and comparison -.ovporcs, as illustrated in Figure 2b.

4. Developing a solution to ‘he problem

In this section we show hov, =vailable tools and techniques from the decision-making literature
can be combined to addre. < a complex real-life problem. Assuming that we receive multiple
proposals with ambiguous specifications, i.e. ranges instead of precise specifications, there are steps
to follow to evaluate and select the most suitable proposal. Firstly, the ranges for each product
specification need to be converted to a precise specification. To do so, the ranges are associated with
complementary ranges suggested by subject-matter experts from the client side. Then, the weighted
average of the ranges is computed. Specifications can be related to different components of the
deliverables and hence may have different weightings of importance for the client. These weightings

are computed using BWM, and the proposals are ranked in terms of their suggested specifications



(scope). After this, the problem becomes a simple multi-criteria decision-making problem, in which
the scope of the proposal is only one criterion among other criteria such as time, cost and benefits.
Table 1 summarises the required steps in the proposed solution.

Table 1. Ambiguous proposal evaluation methodology

Phase and step Action
Phase 1 - Transform ranges in proposals to Ranges for specifications in the providers’ proposals are
precise specifications transformed to precise specifications to enable comparison
Step 1.1 - Obtain expert estimates for A question is designed .~ obtain the expert’s estimated range
specification ranges for each specificatior. u. the final product

Step 1.2 - Graph the client’s satisfaction | Two questions are %T;Lled to obtain the client’s satisfaction
bounds based cn fuzz y graphs

Step 1.3 - Compute the centre of gravity | Each specifimu\T range suggested by providers in their
of each specification proposals ~1d ti e respective estimated range from step 1.1 are
combined *o 1.nd a precise number for each specification.

Step 1.4 - Compute specification Valucs f.cm Step 1.3 are found on the x axis of the client’s
attractiveness score sati ifac un graphs. The respective number on the y axis
| e sre.~nts the score for that specification attractiveness
Phase 2 - Integrate multiple specifications into ““he weightings of importance for different product
the client satisfaction score specifications are computed using BWM and a client

| satisfaction score is computed for each proposal

4.1 Transforming ranges into hred se specifications

To address the problem, the .2ng s proposed by the potential providers need to be transformed
into precise specifications .0 e. able comparisons. To do so, the following steps need to be taken.

4.1.1 Obtaining client . stimates for specification ranges

The proposed ranges need to be accompanied by estimates from the client or a group of subject-
matter experts who have experience working with the provider (or are familiar with the providers’
quality of work) and can anticipate the provider’s overall capability to deliver the proposed project
scope. We recommend the client or the domain experts provide estimations by relying on the
available historical data in relation to how the potential providers handled previous projects.
Developing a methodical approach to extract such estimations can be challenging, but in most cases,

a straightforward question is sufficient to obtain the client’s/experts’ estimates. For instance, Figure 3



shows an example of a question which can be used to obtain the client’s/experts’ estimates on a
specification for a CNC machine (CNC stands for Computer Numerical Control), this being the
travelling capacity of the CNC machine on the X axis (the higher the travelling capacity, the more

attractive the CNC machine). These obtained estimates are referred to as the expert’s estimates.

Provider ‘A’ has claimed that the traveling capacity, X axis for the
delivered NC machine will be between 3500 and 5500. Based on your
experience, what are your estimates of the interval that the provider will
finally deliver.

O A. Between | and | |
O B. No idea

AW
The degree of confidence (from 0 to 100%>. _ .

Figure 3: Example of a question to obtain the domain expert., ' viewpoint

4.1.2 Graphing client satisfaction

This step is concerned with the development of t 1e cl’ent’s satisfaction graph. Two key questions,
namely the satisfactory bound(s) question ar .« th : un..cceptable bound(s) question (Asadabadi et al.,
2019) are utilised to graph the client’s sa‘isfactiou paradigm. Taking again the example of procuring
the customised CNC machine, assume h-.t l.e travelling capacity of the machine on its X axis is a
key specification which affects cl’zu. satisfaction. The first question, shown in Figure 4, obtains the

most satisfactory specifications (s, =cifications which have the attractiveness score of one).

1. De. *mu. = th most satisfactory values for the traveling capacity, X axis for the delivered
CNC machine.

OAbeow [ ]

O B. Between l ‘and l ‘

@ C. Above

Figure 4: Example of a satisfactory bound(s) determination question

The second question, shown in Figure 5, obtains the unacceptable specifications of the product
(specifications which have the attractiveness score of zero). Depending on the client’s answer to the
first question, only one option will be active. For example, if the client’s answer to the first question

is C, the second question appears with option A.



2. Determine the unacceptable values for the traveling capacity, X axis for the delivered CNC
machine.

A. Below 3500

B. Between | | undl ‘| The amounts that are Below
. the threshold will be strictly
C. Above
) |:| unacceptable.
ack

Figure 5: Example of an unacceptable bound(s) determination question

The above two questions are sufficient to cover all possible graphs, as shown in Figure 6.

Question 1

A 4

Below ... Between... and ... ‘ | Above...
Question 2 be'ow .
and ibo. °

S
NI
L. Lo

Figure 6: Examples of possible graphs fr »n the satisfactory and unacceptable bound(s) questions

Question 2: above... Question 2: below...

4.1.3 Computing the centre «f g\ ~vity for each specification
The specification ranges i.. the project proposal and the client’s estimates can be graphed, as
illustrated in Figure 7. 1. th:~ *.gure, the a-d range is taken from the proposal and the narrower b-c

range is from the client/expert (in this paper, we assume that only one expert is involved).

1
Provider: Client/expert: 3
Between a and d Between b and ¢ 0 ﬂ _

Figure 7: Fuzzy graphs for the specification ranges

The range suggested by the provider (a and d) and the range estimated by the subject matter

expert (b and ¢) may have different weightings based on how certain or confident the expert is about



their suggested ranges (the expert may suggest a range and also express that his level of confidence —
see Figure 3). This level of confidence, e.g. 60%, is multiplied by the ranges provided by the expert,
and then its complement, e.g. 40%, by the ranges proposed by the provider. As we use fuzzy straight-
line graphs in this paper, the centre of gravity is the weighted average of the bounds (a, b, ¢, and d).
The weighted average of the bounds is computed, and represents the estimated specification of the
product to be delivered in the project. As the provider starts delivering the outputs of the project, the
specifications of the delivered outputs can be compared with the rang.. suggested by the provider
and may be used as the basis for giving the provider a bonus to moti 'vate them to deliver
specifications which are better than those in the ranges in thei p.~nvsal. The specifications can also
be used to judge the experts’ accuracy and fairness in sug; estir g specification ranges (explained in
the Section 5.2). Note that transforming ranges to prr ci. 2 specifications may cause information loss.
One may decide to keep the interval throughc-.. ‘he <olution. Because this may add to the complexity
of the solution, it can only be preferred in cases vhere keeping the information have future benefits,
or where access to the original informa’.o . may be denied after implementing the solution.

4.1.4 Computing specificatior: attr. ctiveness scores

In step 1.3, the centre of gra\ ‘ty Jor the two specification ranges, one suggested in the proposals
and the other one estimate « by *he expert, was computed. This number for each specification is found
on the x axis of client’s sat1 faction graph, which was obtained in step 1.2. Then, the respective
number on the y axis of the same graph is identified, which represents the specification attractiveness
score. For instance, if the centre of gravity for travelling capacity on X axis of a CNC machine is at
5000, and the client’s satisfaction graph determines 3500 as the unacceptable, and 5500 as the most
satisfactory specifications of the product, the attractiveness score of this specification is 0.75.

So far, we have explained how attractiveness scores for different specification ranges, stated in
the providers’ proposals, are computed. The next section explains Phase 2, which deals with

computing the client satisfaction score for each proposal.



4.2 Integrating multiple specifications into the client satisfaction score

Projects have outputs/deliverables with various specifications and these specifications may have

different weightings of importance from the client’s viewpoint. The weightings of importance can be

obtained using an MCDM method, such as BWM. Taking into consideration the proposed

specifications and the relevant weightings, the suggested scopes in the proposals are compared and

the satisfaction score of each proposal is computed. A brief review of BWM is presented as follows.

In BWM, firstly, the best and the worst criteria are selected. Then, the sther criteria are compared

with these two criteria separately. Finally, the values of the alternat ves ire computed. A summary of

the method is as follows (adapted from Nawaz et al., 2018).

1.

2.

Nominate the best and worst criteria of the total ¢! # e» isting criteria.

Estimate the preference of the best criterion ¢ vc - all the other criteria using a 1 to 9 scale
(where 1 is the highest preference and ~ *s e lowest preference). The results build a vector:
Ag = (agy,apy, ..., apy) (Where ag; rep.=sents the preference of the best criterion B over
criterion j).

Estimate the preference of « | the criteria over the worst criteria using the same scale. The
results form a vector: Ay, = a1, Aoy, -, Ay ) (Where the preference of criterion j over
worst criterion Wi shcwn by a;y, ).

Calculate the optm.al weightings denoted by w; to w,,. A comparison which results in perfect

weightings for the criteria occurs when, for each pair of % and W—’ , where wy stands for the
J w

weighting of the best criterion and wy,, for the worst, the following equations are balanced:

ZE - ag; and 2= a;yy - Note that this is unlikely to occur when the number of criteria is
w; j wy

above 4 or 5. The weightings of the criteria can be computed where the maximum absolute

differences and all j are minimised.



— agj| < & forallj ]
Wj
||%/— jW| < ¢ forallj t (1)

w; = 0,forallj )
The symbol ¢ represents the inconsistency of the comparisons. In cases where it is above the

maximum values of ¢ (see Table 2), the comparisons are inconsistent and need to be improved.

Table 2. Consistency Index (CI) (Rezaei, 2015)

Order of matrix 1 2 3 4 5

T~
‘ A
Consistency Index (CI) | 0.00 | 0.44 1.00 [ 1.63 |22, 1,500 |[373 |447 |523

(Max §) |

Applying BWM, the specifications are weighted and i! en t 1e proposals are ranked. After this, the
proposals are compared in terms of the other selectica ¢ citeria (cost, time, and benefits), which is a
simple MCDM problem and any MCDM met’i0." ca~ be utilised to find the optimal ranking. In the
next section, the method proposed in this paper .~ numerically illustrated.

S. Case study and the discussior o) the results

In this section, a procurement v. xces. is selected to illustrate the solution. The proposed solution
and the results are then discussea.

5.1 Case study

We take the example of the Australian Defence Force’s procurement of a CNC machine as a case
study. Assume that there are three proposals and each provider suggests specifications for the CNC
machine, as shown in Table 3.

Table 3. Ranges suggested by the providers

Specifications Proposal A Proposal B Proposal C
Standard workable area (mm) 4,500-5,500 3,500-4,500 4,500-4,700
Positioning range (mm) +0.04 +0.07 +0.07
Travelling capacity X axis (mm) | 4,500-5,500 3,500-5000 5,000-6,000
Travelling capacity Y axis (mm) | 550-850 550-750 600-650




Travelling capacity Z axis (mm) | 400-450 350-400 380-450
Spindle speed (rpm) 25,000-30,000 | 28,000-31,000 25,000-28,000
Fast feed Y- Z (m/min) 50-70 60-80 55-75

Fast feed X axis (m/min) 70-90 80-95 80-90

Phase 1: The first phase of the methodology is illustrated as follows. Step 1.1: Domain experts
from the procuring organisation (e.g. experienced engineers or managers who are well familiar with
the product) can suggest the ranges of specifications that they believe the providers will ultimately
deliver. To suggest ranges, we recommend that the experts do not sole.:’ rely on their own intuition
as it may be subjected to bias. They are recommended to obtain infc*ms don about providers
performance and capabilities and then then suggest their expe:‘teu .anges. For instance, they can refer
to the specifications of what the providers currently or pre -iou ly have produced, contact them and
obtain more information about their capabilities, anc ir vestigate the providers’ reputation or their
customer satisfaction records. After receivine, th. ra..zes suggested by the experts, they can be
aggregated using approaches such as we’chted a. erage, in which experts may have different
weightings depending on their experier ce. .~ the case discussed in this paper, one expert is involved.
The expert suggests estimates of 4,270 to 5,000 for the travelling capacity on the X axis of proposal
A’s, 3,600 to 4,000 for proposal  and 5,000 to 5,500 of proposal C as presented in the fourth row of
Table 4. Similarly, sug~es.=2d r: nges for other specifications of the product are presented in Table 4.

Table 4. Specification rao :s suggested by the expert

Specifications Proposal A Proposal B Proposal C
Standard workable area (mm) | 4,750-5,200 3,500-3,800 4,500-4,600
Positioning accuracy (mm) +0.05 +0.07 +0.08
Travelling capacity X axis 4,500-5,000 3,600-4,000 5,000-5,500
(mm)

Travelling capacity Y axis 600-800 550-600 600-650

(mm)

Travelling capacity Z axis 400-425 350-370 380-400

(mm)

Spindle speed (rpm) 25,000-27,000 28,000-30,000 25,000-28,000




Fast feed Y - Z (m/min) 50-55

60-65

55-60

60-70

Fast feed X axis (m/min)

80-85

80-85

Now there are two ranges for each product feature which represent the bounds (a,b,c,d). Table 5

provides a graphical view of these two sets of ranges. Step 1.2: In answer to the satisfactory bounds

question, a team may be involved to decide; a group consisting from key stakeholders from senior

decision makers to engineers, and operators who would ultimately be using the machines. The team

is asked the satisfactory and unacceptable bounds questions (Figures 5 and 6) for each specification

of the product. For the first question regarding the travelling capaciy o, the X axis, the team choses

‘Above’ and then states 5,000. The team is then asked the secor.1 qu :stion which has the active

option of ‘Below’ and they state 3,500, as shown in Figur¢ 2. Thus is repeated for all specifications to

obtain the client’s satisfaction graphs (last column of Talle 5).

Table 5. Graphical representation of the specifica.'on ranges

Proposal A ProposT ‘B Proposal C Client’s
satisfaction graph
Standard
workable f A
area /7 \ | | _\ x
> L > > —

Positionin
accuracy : A_\ A i

| N % l, | N\,
Travelling
capacity X
axis / \ \

:L, > >




Trave}hng f (%) f(x) f(x)
capacity Y ] 1 |
axis / \ |_\
- X X X
0 > 0 D> 0
550 600800 550 600 750 600 650 400 700
Travelling | w0y
capacity Z 1 l 1 |
axis \ 4\
x 0 > 0 > X
0 > 350 370 400 380 400 450 0 >
400 425 450 300 500
Spindle f(x) £(x) f(x) f(x)
speed 1 1 N 1
l’ \
\ v v <
ol 0 > O- JA»‘ 0
5000 27000 28000 30000 31000 2,700 28000 20000 30000
Fast feed f(x) f(x) f(x) f(x)
Y-Z | I ' 1
A X
X 0 — 0L X
0 60 65 80 55 60 75 0
50 55 70 50 75
Fast feed f(x) f(x) f(x) f(x)
X axis 1 I — 1 |
| |
] | < <
0 0 —» 0 > X
60 70 90 80 85 95 80 85 90 0 L& -
65 85

Note that the choice of fu..~y straight-line graphs in this paper (see Table 5) is to avoid complexity
and to keep the proposed solution easier to understand for a wider range of audience. More complex
graphs, e.g. Gaussian, can be used in future applications where reasonable justification for using
more complex graphs can be made. Step 1.3: For each graph, the centre of gravity on the x axis
needs to be computed. As we used straight-line fuzzy graphs, this means computing a simple
weighted average of the bounds of the ranges. In this case, we assume that the expert suggests 75%
confidence in their estimates for provider A’s and B’s proposals, and 90% confidence in their

estimates for provider C’s proposal. So, for provider A and B, the weight of 75% is given to the



estimates by the expert, and 25% to the ranges suggested by the providers (and 90% and 10% to the

expert’s estimates and provider C’s proposal, respectively). The estimated specifications are

computed as shown in the second, fourth, and sixth columns of Table 6. Step 1.4: For each

specification of the product in each proposal, the centre of gravity was computed in Step 1.3. Each of

these numbers needs to be found on the x axis of the client’s satisfaction graph, and the respective

number on the y axis will represent the client’s satisfaction score for that specification of the

proposal, or its attractiveness, as shown in the third, fifth, and seventi. .olumns of Table 6. For the

sake of brevity, the following abbreviations are used for the specifi.atio 1s: standard workable area

(SWA), positioning accuracy (PA), travelling capacity of X a: is “T(_X), travelling capacity of Y axis

(TCY), travelling capacity of Z axis (TCZ), spindle speec ‘SS, fast feed Y-Z (FFY/Z), and fast feed

X axis (FFX).

Table 6. The attractiveness of the specificatio ... 2t .»e providers’ proposals

Proposal | Attractiveness , Proposal | Attractiveness | Proposal | Attractiveness

A (Proposai \) B (Proposal B) C (Proposal C)
SWA 4,981.25 | 0.741 3,737.50 0.119 4,555 0.528
PA 0.0475 0.312 s 0.070 0.000 0.079 0.000
TCX 481250 [0.275 3,912.50 0.275 5,275 1.000
TCY 700 | 1.009 593.75 0.646 625 0.750
TCZ 415.63 1578 363.75 0.319 392.5 0.463
SS 26,375 | 0.638 29,125 0.913 26,500 0.650
FFY/Z 54.375 0.175 64.375 0.575 58.25 0.330
FFX 67.50 0.188 83.75 0.938 82.75 0.888

Phase 2: Different specifications have different weightings of importance. In this phase, an

MCDM method can be applied obtain these weightings and find the most appealing proposal. BWM

is applied in this phase to compute the weightings of the specifications. The results are presented in

Table 7.

Table 7. The weightings of the specifications using BWM




SS | SWA [FFY/Z| FFX | TCX | TCY | PA | TCZ
Best (SS) 1 15 L5 L5 2 4 4 4
Worst (TCZ) 4 32 32 3.2 2 1.1 1.1
Svi?gﬁilngs 0224 |0.164 [0.164 |0.164 |0.112 |0.059 |0.059 |0.056
CI (§) = 0.033

The specification attractiveness scores presented in Table 6, are normalised and then multiplied

by the weightings of the specifications, presented in Table 7.

VProposals:
SWA [0.1647
PA [0.059
SWA  PA  TCX TCY TCZ SS FFY -Z FFX TCX [0.112
0.534 0.747 0.407 0417 0425 0290 0./62 0.093 rcy lo.oso
0.086 0230 0.128 0270 0234 0415 032 0466 X rrr7 9056
0.380 0.023 0465 0313 0340 9.5 0306 0.441 ss |0224
FFY/Z|0.164
FFX L0.164-

Proposal A's scope [0.332
= Proposal B's scope 0.328} O)
Proposal C's scope 0.34;"

The results show that pronc-al C is the preferred option with respect to the suggested
specifications (i.e. anticiy “teu quality) with the highest weighting of 0.342. To analyse the sensitivity
of the proposed solution, the results were examined under four different scenarios. In each of the
scenarios, we changed values of key parameters in the model and analysed the impact of such
changes on the preferred option. First, we assumed that providers increase the ambiguity of the
specifications of the aforementioned three proposals by 20% (10% from each side). Results,
presented in the first column of Equation (3), show that proposal C is still the preferred option. The

second column in Equation 3 assumes 40% increase in the providers’ suggested ambiguity, resulted

in proposal A being preferred. The indifference point, at which proposal A and C are equally



preferred was found to be at 38% increased ambiguity by providers, under which the weightings of
the proposals are as presented in the third column of the equation. Second, we assumed that the
ambiguity of proposal C remains the same while provider A and B increase the ambiguity of their
proposals for 20%. We see that the solution remains robust and recommends provider C, as presented
in the fourth column of Equation 3. Then, we assume that providers A and B increase the ambiguity
in their proposals for 40%, while proposal C remains the same. The results in the fifth column shows
that the solution still recommends provider C. Third, we assumed tha. “;rovider A and B keep their
lower bounds and try to deceive the client by solely increasing theii upp :r bounds for 10% (see the
sixth column). Although borderlined, the recommended propc sa. reraains the same. However, if they
increase this from 10% to 12%, provider A is recommenc: d. Furth, we analysed the sensitivity to
changes in expert inputs on the proposals, measured ",y :he suggested intervals. The sevenths and
eighths columns of the matrix show the result L~ 1% and 20% increase in expert’s suggested
intervals. Whereas for 10 percent increase, prop ~sal C is still recommended, for 20 percent, proposal
A is preferred. This higher sensitivity tr e .neic opinions is due to the confidence level that the expert
had when suggesting the intervals i- the sase study (75% for proposal A and B, and 90% for proposal
C). Looking at the results, while “he proposed solution is relatively robust, we believe that proposals
that are too ambiguous nec d to be either removed from evaluation, or the providers need to be
required to revise their proy dsals. As a general rule, to have more reliable results, where possible, the
providers need to be asked to decrease the level of the involved ambiguity in their proposals before

we use the proposed solution to deal with the remained ambiguity.

0.337 0342 0341 0336 0340 0.338 0.339 0.347
0.324 0320 0321 0324 0319 0325 0322 0314 3)
0.341 0341 0.341 0342 0.342 0339 0.341 0.351



As previously discussed, proposal selection is a multi-criteria decision-making problem and there
are other criteria in addition to the scopes of the proposals, such as time, cost, and benefits, to be
considered. This can be the next step and can again be performed using any MCDM method, which
is excluded from this paper.

5.2 Discussion

This paper tackled this problem showed how can ambiguous proposals be compared and how can
a project which outperforms the others be identified. As illustrated in '« previous section, the model,
first transforms the specification ranges into precise specifications. Nex , the client’s satisfaction
paradigm is obtained by asking straightforward questions (pre se. te' in Figure 5 and 6). Using both
measures and considering how important each specificati-nis o the client, the client’s satisfaction
level with the proposed scope is computed. Finally, t’ic proposals can be compared with regard to
other project criteria to select the proposal wh' > achieves the highest client satisfaction.

Without the proposed approach presented i *his paper, when a client receives ambiguous
proposals, the proposal selection becon ¢s ~ cuallenging problem. For instance, in the procurement
process of the CNC machine, assur~< thc.t the three proposals are the same with regard to all
specifications except from Trave'ling capacity on Y axis (see the fifth row of Table 3). Therefore,
there are three proposals a «d o.'ly one criterion to evaluate and select one. Even with only a single
criterion, to identify the bes . proposal several scenarios may come to execution. First scenario: the
client may be pessimistic with regard to all proposals and refer to the lower bounds of the suggested
intervals and makes the decision, i.e. 550, 550, and 600 (for proposal A, B, and C respectively),
which this results in selecting proposal C. Second scenario (which is mostly the case in government
projects): the client may be optimistic, hoping for the upside of ambiguity (Flyvbjerg, 2009), and
refer to the upper bounds of the suggested intervals to decide, i.e. 850, 750, and 650, which this
results in selecting proposal A. Third scenario: the client may decide to take the average of suggested

intervals and therefore selects proposal A. Other scenarios: the client may have unethical reasons to



act with bias and be optimistic for some proposals, and pessimistic for others, which create several
scenarios, in each of which the decision may differ. While the case, even when one criterion is to
decide, can be quite challenging, this paper suggested the involvement of subject matter experts as
well as a team from the client organisation and submits a methodological approach to facilitate this
multiple criteria decision making process.

The methodology utilised two straightforward approaches to address this complicated real-world
problem, fuzzy logic and BWM. Fuzzy logic was utilised to resolve t. . uncertainty related the
specifications of the product as well as graphing the client’s satisfa: tion paradigm. Fuzzy logic is one
of several available formalisms in the literature that have beer p. ~n~sed to tackle uncertainty: non-
monotonic reasoning (McCarthy, 1980), possibilistic lc ric ( dubois et al., 1994), Dempster
Shafer theory (Shafer, 1992), and probability theo' y ' Prokhorov, 1956) among others (Holmes,
2008). This study utilised fuzzy graphs beca’ se hey were capable of handling the aforementioned
uncertainty, and also because they are fa‘rly straichtforward, and this facilitates future applications of
the proposed approach in practice. BW vl .5 ~sed in this study to rank the importance of
specifications from the client’s or~a. isation’s perspective. BWM is a recently proposed MCDM
method. In comparison with other methods such as AHP and ANP, it has a lower inconsistency and a
reduced number of reqire 1 pa rwise comparisons (Rezaei, 2015). Moreover, in the case of project
proposal evaluation, the ~n_lication of BWM can be quite straightforward as the decision maker
usually knows clearly that from the client organisation viewpoint which two specifications of the
product are the most and least important ones (a prerequisite key step which facilitates application of
BWM method). This enables computing the weightings for the other specifications of the product
with respect to the most and least important specifications.

Rather than purely relying on historical data, we ask domain experts to provide estimations of the

value for two reasons. First, in complex situations decision makers prefer to rely on the knowledge



and experience rather than solely follow an automated decision-making tool (Diaz-Balteiro et al.,
2017). Secondly, in many complex projects we do not have reliable historical data, because they are
limited, dated or are not fully relevant to the project in hand (as each project is different). For
instance, in the project of procuring customised submarines, experts would be more reliable to see
whether the company is capable of delivering the specifications that they claim rather than purely
referring to historical data. Note that experts usually consider the track record of the company, or
find reliable and justifiable sources of information, when they providc “heir opinions.

This study opens areas for future studies with regard to both the disc assed problem and the
proposed solution. We believe that various perspectives on an bi;1r as proposal evaluation can be
suggested in future research, only some of which were dic "uss: d in this paper (see Section 3). In
particular, a game-based modelling of the problem wou'd be very useful to explain the complexities
of the strategies used by the provider and clie".. vi.>in the proposal evaluation process. In the
solution part, there are many tools and techniqu. < from different disciplines that can be utilised to
empower and strengthen the proposed r 0 '=1. For instance, the solution does not consider that clients
themselves may be ambiguity avid - nd s:ggest optimistic estimates. To resolve this, the opinions of a
group of domain experts can be . <ec. In doing so, the utilisation of crowdsourcing techniques in the
process of shrinking the re 1ges can be quite useful. In such cases, the experts can be asked other
questions, for example, abo 1t their experience working with the specific provider for whose proposal
they are suggesting ranges. Such questions will guide clients to realise how well each expert knows
the provider whose proposal is being judged. This can be considered as a variable contributing to
assigning the weighting that should be given to each expert’s viewpoint. Moreover, the concept of
fairness in crowdsourcing (Faullant et al., 2017) can be utilised to monitor the experts’ opinions. At
the end of the project, the specifications of the delivered project outputs can be compared with the

experts’ ranges (suggested in the proposal selection process). As a result, experts can receive



weightings for the accuracy of their estimations, which may be considered when they make future
suggestions (alongside their claimed level of confidence).

6. Conclusion

Project proposal evaluation becomes a more complex challenge for decision makers when the
proposals received from potential providers are ambiguous. For the reasons explained in this paper,
providers have a strong motivation to include ambiguity in their proposals and the client also has
sufficient incentives to tolerate this ambiguity. Therefore, the existen. - of ambiguity in providers’
proposals is common in real projects and hence, the proposal select on ¢ 2cision often has to be made
under ambiguity. However, the literature has not yet discussec ti.*< rzal-world problem which we call
the “ambiguous proposal evaluation” problem.

This study has shed light on the scientific and prscu zal significance of this problem and has
developed a solution to show how ambiguous .. p. <als can be evaluated and ranked effectively. The
paper specifically focused on the research ques..»n of how ambiguous proposals can be compared.
The paper contributes to the literature by >fu.ing this unique problem, which is common in practice
but has no methodological solution u the existing research. Moreover, to address the problem, a
solution was developed which n.>thcdologically contributes to MCDM approaches by having
ambiguous options to com are More significant is the practical contribution of this paper.
Fundamentally, the study w 1s conducted to provide a possible solution to the aforementioned real-
world problem.

The paper also opens multiple areas for future studies. By defining this problem in the literature,
this paper is expected to stimulate future research studies to discover and discuss various possible
scenarios and aspects of the problem, which may or may not be easily observable in practice. The
solution suggested in this paper is just one possible solution to the ambiguous proposal selection

problem. Future studies can either improve the solution proposed in this paper or provide alternative



solutions using tools and techniques from crowdsourcing, MCDM, and soft computing, among
others.
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