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Abstract

Favoritism, personal and political influence embedded in the personnel selection/recruitment for
administrative roles in Nigerian universities has undermined public's trust in the system. This study
focuses on proposing and demonstrating an MCDM method, fuzzy-TOPSIS to promote fairness,
transparency and merit-based selection process. Subjective judgments and uncertainty are embedded
in the recruitment process and can be quantified by using multi-criteria decision-making (MCDM)
method which uses linguistic variables mapped to triangular fuzzy numbers (TFNs) to assess
alternatives performances. A simulated scenario involving 12 candidates, 10 criteria, and 3 experts
was designed for selecting a candidate to fill a vacant Registrar office in a Nigerian university. The
model ranked qualified candidates based on their Closeness Coefficient (CCi) to an ideal solution by
aggregating expert opinions. The model's results generated a definitive ranking, and identified
Candidate 5 (A5) with CCi value of 0.6066 as the most suitable followed by Candidate 10 (A10) with
CCi value of 0.5527 in the second place and Candidate 12 (A12) with CCi value of 0.5427 in the third
place. Also, Candidates 11 (A11), 7 (A7) and 1 (Al) were ranked tenth with CCi value of 0.4623,
eleventh with CCi value of 0.4616, and twelfth with CCi value of 0.3872 respectively. Subsequent
sensitivity analyses were performed to confirmed the model's stability and robustness in which the
top candidates' rankings A5 (80% appearance), A10 (40% appearance), A12 (50% appearance)
remained largely consistent. The study confirms the fuzzy-TOPSIS framework is a dependable tool
for selecting leaders in Nigerian universities. While it doesn't entirely remove bias, it significantly
improves the process by boosting transparency and accountability.

Keywords: fuzzy-TOPSIS; personnel selection; Nigerian Universities; multi-attribute decision
analysis; sensitivity analysis; university personnel selection; linguistic data modelling

1. Introduction

The success and good name of any university solely lies on the effective management of the
leadership on ground (Ogunode & Sarkinfada, 2023). There's no university that can perform well and
maintain its reputation without strong and reliable leaders to occupy key offices such as the Vice
Chancellor, the Deputy Vice Chancellors, Registrar, Bursar, Dean of Faculties, Heads of Departments
and other important stakeholders. They are the key makers of policies, managers of resources and
promoters of research, adequately ensuring that the University runs effectively. Therefore, selection
of right personnel for these positions should be done with fairness and transparency. Nevertheless,
in this our contemporary age, in many Nigerian Universities this selection process has been paralyzed
by favouritism, political influence and nepotism rather than being based on merit. These problems
destroy public trust in the selection procedures and reduces meritocracy (Oparinde & Bamire, 2021;
Oladimeji & Oladejo, 2023).

As noted in recent studies, modern university leaders need variety of skills such as emotional
intelligence, problem-solving skills, innovation, good communication and time management to fight
present-day challenges (Oparinde & Bamire, 2021; Mbangula, 2025). However the conventional ways
of selecting leaders usually neglect these qualities because it depends solely on seniority, personal
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and political influence or recommendations. When the process is being controlled or influenced by
external forces, it invokes a sense of unfairness and damages accountability in leadership
appointment (Agboluaje, 2020). To solve the problem of unfair administrative personnel selection in
Nigerian Universities, this study proposes a multi-criteria computational model called fuzzy-TOPSIS
(fuzzy Technique for Order Preference by Similarity to Ideal Solution). This model is a mathematical
algorithm that enables committee to assess and rank candidates fairly by using both numbers
(quantitative) and opinions (qualitative). It is robust enough to accommodate uncertainty in human
judgement and differences in opinions.

This computational approach improves fairness and transparency, minimize personal and
political influence, rebuilds the society's trust in the system and provides a reproducible structure for
documenting the rationale behind each selection decision. Many multi-criteria decision-making
(MCDM) tools such as AHP, ELECTRE, PROMETHEE, and TOPSIS have been applied extensively
in various other sectors such as engineering, supply chain, and managerial contexts, but has very few
application in academic personnel selection especially in Nigerian universities (Baharin et al., 2021;
Gottwald, et al., 2022). Existing literature on university leadership in Nigeria are qualitative, mostly
focusing on policy or governance analysis rather than computational modeling (Ogunode &
Sarkinfada, 2023). After reviewing a considerable number of literature on personnel selection, it was
discovered that no major study had demonstrated the application of fuzzy-TOPSIS for transparent
administrative selection in Nigerian higher education. By proposing a mathematically sound,
reproducible and evidence-based model for selecting university management personnel, this study
closes that gap.

This study's primary goal is to propose a fuzzy-TOPSIS decision support structure for the
transparent and merit-based recruitment of key administrative personnel in Nigerian universities.
Specific objectives include creating a fuzzy-TOPSIS model that combines qualitative and quantitative
selection criteria, testing the model on a simulated dataset, and evaluating the model's robustness by
conducting a sensitivity analysis to prove how it can enhance transparency, accountability and
fairness in Nigerian university leadership personnel selection.

2. Literature Review

2.1. Administrative Positions and the Need for Transparent Personnel Selection

Administrative positions in Universities require a strong blend of academic excellence, great
leadership qualities, and ethical integrity. Positions such as Vice-Chancellor, Registrar, Deputy Vice
Chancellors, Bursar, Dean of Faculties and Head of various departments and units has a great impact
on all major institutional operations, including finances, academic research, staff and student welfare
as well as health and safety (Ogunode & Sarkinfada, 2023). In Nigeria, however, the appointment
procedures has often been influenced by personal and political considerations, nepotism and
favoritism (Oladimeji & Oladejo, 2023; Oparinde & Bamire, 2021). Many of these practices has
weakened public confidence and trust in the process and create leadership instability, which
negatively affect academic performance of staffs, students and institutional harmony. In opposing
political and personal influence, improving accountability, structured, data-based evaluation
frameworks are highly recommended for Nigerian University leadership recruitment.
Computational and analytical models like MCDM give a structured pathway for quantifying
subjective judgments and ensuring reproducibility in the decision-making processes.

2.2. Multi-Criteria Decision-Making (MCDM) in Personnel Selection

Personnel selection is generally a multi-criteria problem because it involves comparing
alternatives across various quantitative and qualitative attributes. MCDM techniques are designed to
aid experts in ranking alternatives/candidates where compromise exist among competing criteria
(Nabeeh et al., 2019; Tugrul, 2022). The most commonly used tools for Multi-Criteria Decision Making
(MCDM) are quite varied. These methods typically include the Analytic Hierarchy Process (AHP),
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ELECTRE, and PROMETHEE. Researchers also frequently apply techniques like Simple Additive
Weighting (SAW), ARAS, EDAS, MULTIMOORA, and CODAS. TOPSIS is another very popular
method on this list. These specific techniques are widely recognized and utilized in the current
literature (Dhurkari, 2022; Ismail et al., 2024; Villalba et al., 2024). AHP give ordered pairwise
comparisons but can be incoherent and computationally heavy when it involves many criteria or
alternatives (Saaty, 1980). ELECTRE and PROMETHEE use outranking processes useful for complex
decision environments, but their mathematical details limits their accessibility to novice in the field
of study. Ordinary TOPSIS, though spontaneous, relies on crisp numerical data that does not have
the ability to capture the uncertainty embedded in human judgment in vague situations. Fuzzy
extensions of various MCDM techniques have been developed to overcome this limitations. This has

v ou

enhanced the use of linguistic variables (such as “low,” “medium,” “high”) which are being mapped
to different fuzzy numbers as the case may be. These fuzzy number include triangular, trapezoidal,
and Gaussian fuzzy numbers. The more complex ones include pentagonal, hexagonal, and
heptagonal fuzzy numbers. This improvement better reflects the ambiguity of subjective assessments
(Sang et al., 2015). Fuzzy-TOPSIS has therefore been successfully applied in various personnel

selection contexts (Tugrul, 2022; Nabeeh et al., 2019).

2.3. Fuzzy Sets Theory, Linguistic Variables and TFN Mapping

Evaluators and experts find it quite difficult to express decision-making problems in personnel
selection as crisp numerical figures because it often involve ambiguity, vagueness, and subjective
judgments. Zadeh (1965) introduced fuzzy set theory, which has been widely used to evaluate
uncertainty, vagueness and imprecise information. Fuzzy sets can accommodates degrees of
membership between 0 and 1, thereby capturing the uncertainty and linguistic nature embedded in
human opinion for various elements (Lad & Joglekar, 2016). Formally, a fuzzy set A in a universal set
Xis expressed as:

A= (xl' ua(xl))' (x2: ua(xz))' ey (xn' ua(xn)) (21)
where p,(x) : X — [0,1] denotes the membership function. It assigns each element x a degree of
membership. This reflects the extent to which it satisfies the concept represented by set A (Lad &
Joglekar, 2016). Linguistic terms such as High, Medium, or Low are often use in fuzzy MCDM. They
help in assiging importance to criteria and rate the performance of alternatives/candidates. These
linguistic terms are then mapped to Triangular Fuzzy Numbers. They help to facilitate computational
analysis while preserving linguistic uncertainty (Kumar et al., 2018). TFNs, are characterized by three
parameters; a =(ay, a,, az), ai: the lower bound (smallest possible value), a2: the modal value (most
probable value), and as: the upper bound (largest possible value). The corresponding membership
function pg(x) of a TFN defined in equation (2.2) below. It produces a triangular shape (Figure 1)
that reflects gradual transitions between membership degrees, rather than crisp limits. TFNs are
widely used because they are simple and computational efficient. They are inherently interpretable
in linguistic assessments (Awasthi et al., 2011).

0 , x<a
Xh g <x<a
Ha(x) =1 ap-x (2.2)
—_, a, <x <az
asz—a
o , x> ag
Hg(x)
____________ a
1 |
0 ’ >
a; a;

as
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Figure 1. The Triangular Fuzzy Numbers, d.

This study employs three experts (DMs) to assess each criterion weight and candidates
performance evaluations using a seven point scale linguistic variables adapted from previous studies
(Sang et al., 2015; Rahi et al., 2022), mapped into TENs to provide finer resolution in judgment and
accommodates varying levels of performance or importance.

Table 1. Linguistic Scale and Corresponding Triangular Fuzzy Numbers (TFNs).

Codes Linguistic Term Triangular Fuzzy Number (a, b, c)
1 Very Low (VL) 0,0, 1)
2 Low (L) 0,1,3)
3 Moderately Low (ML) 1,3,5)
4 Moderate (M) (3,57
5 Moderately High (MH) (5,7,9)
6 High (H) (7,9,10)
7 Very High (VH) (9, 10, 10)

DMs used these linguistic variables to rate both the relative importance of each criterion and the
performance of each candidate under each criterion. The use of a predefined mapping table ensures
consistency across all evaluations while allowing the model to retain the qualitative nuance of human
judgment.

2.4. Why Fuzzy-TOPSIS Is Suitable for University Personnel Selection

Fuzzy-TOPSIS is an extension of the ordinary TOPSIS method by integrating fuzzy logic into the
procedure for handling subjectivity of linguistic judgments. This positions the technique as one of
the best for evaluating candidates/alternatives for administrative leadership positions, where criteria
such as integrity, and leadership qualities are qualitative and subjective (Sang et al.,, 2015). The
method translates experts’ linguistic assessments into TFNs, and the alternatives are ranked based
on their closeness to the ideal solution. It can also accommodates a number of DMs, and aggregate
their assessments into a unified fuzzy decision matrix. This aggregation dilutes each of the DMs
biases and ensures that outcomes reflect collective judgment (Nabeeh et al., 2019). In addition, fuzzy-
TOPSIS finds application in an academic environment where interpretability is important because of
its transparency and simpler computations when compared with other method such as AHP or
outranking methods. (Rahi et al., 2022). Thus, promotion of fairness and evidence based decision
making in university personnel selection can be achieved by adopting fuzzy-TOPSIS which proposes
a balanced, traceable, and linguistically sensitive framework that aligns with the goal of promoting
fairness.

2.5. Criteria Selection and Use of Simulated Data

This study adopts ten criteria depicted in Table 2 below which were derived from existing
literature on academic and administrative personnel selection and Nigerian university statutes
(Baharin et al., 2021; Fathi et al., 2011; Gottwald et al., 2022; Tugrul, 2022). All the ten criteria were
modeled as benefit-type, since higher values of these attributes are invaluably advantageous in
administrative leadership selection. Cost-type criteria (such as administrative cost, disciplinary
record) were excluded because they are less relevant in evaluating professional merit. Each criterion
are chosen based on attribute relevancy to effective university administration. Due to confidentiality
restrictions and limited access to real evaluation data from Nigerian universities, this study uses a
simulated dataset comprising twelve candidates, ten criteria, and three experts (DMs). This technique
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is consistent with existing literature on MCDM studies that employ hypothetical data for
methodological demonstration (Tugrul, 2022; Nabeeh et al.,, 2019). Selection committee should
maintain validity and replicability in the selection process and the simulated data used in this study
reflects the same.

Table 2. List of Evaluation Criteria for University Administrative Personnel Selection.

CRITERIA DESCRIPTION

Academic Qualification Higher qualifications demonstrate advanced
knowledge and eligibility for senior administrative
roles.

Years of Experience in Academia Longer service provides institutional memory and

exposure to diverse university functions.

Leadership Ability Strong leadership skills are essential for guiding
teams, driving reforms, and maintaining academic
standards.

Integrity and Ethical Standards Ethical conduct ensures transparency, trust, and

credibility in university governance.

Administrative/Managerial Skills Effective management skills enable smooth
coordination of resources, people, and processes.

Strategic Alignment and Institutional Impact Alignment of staff goals with university mission to
enhance impact.

Communication Skills Clear communication fosters collaboration, conflict
resolution, and effective policy dissemination.

Decision-Making and Problem-Solving Skills Analytical capacity helps address challenges and
supports sound, timely decisions.

ICT and Digital Literacy Digital competence is crucial for modern
administrative processes, data-driven management,
and e-governance.

Vision and Strategic Thinking The ability to articulate and implement long-term
strategies ensures institutional growth and

sustainability.

2.6. Bias Control, Robustness, and Sensitivity Analysis

In reality, fuzzy-TOPSIS cannot fully eliminate human bias since all assessments of both criteria
and candidates originate from human judgment, but it provide a way to mitigates the DMs influence
if any by applying structured aggregation and normalization rules (Rahi et al., 2022). Also
incorporating multiple DMs and fuzzy averaging ensures that the effect of any single biased DM is
minimized. Sensitivity analysis further tests the robustness of rankings by dropping each criterion
one after the other and computing the result after each drop or excluding DMs to assess result
stability. Consistent rankings across these tests indicate a reliable model, DMs' biases has been
neutralized and enhance confidence in the decision outcomes (Gottwald et al., 2022).
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3. Methodology

3.1. Research Framework

This study adopts an MCDM technique based on the Technique for Order Preference by
Similarity to Ideal Solution (fuzzy TOPSIS). This study research process follows a structured path:
Simulated Data, Linguistic ratings by experts, TFN mapping, Aggregation, Fuzzy TOPSIS
computation, Sensitivity analysis. This method integrates subjective human judgment (expressed
linguistically) with mathematical rigor, ensuring that decision outcomes are both transparent and
analytically defensible. Three experts were assumed, to reflect the typical size and diversity of
Nigerian university selection committees. These DMs represent academic, administrative, and
financial expertise to ensure balanced perspectives in evaluation. Each DM provided linguistic
assessments of both the criteria weights and the candidate performance levels. The use of multiple
DMs enhances objectivity and minimizes the influence of individual bias.

Due to confidentiality restrictions and limited access to actual university recruitment data, a
simulated dataset was developed to illustrate the fuzzy-TOPSIS model. The dataset comprises
evaluations of 12 candidates vying for the position of a Registrar in a Nigerian university against 10
criteria by 3 experts. This simulated approach follows similar methodological precedents (Nabeeh et
al., 2019; Tugrul, 2022) and ensures replicability while reflecting realistic decision-making dynamics
within Nigerian universities. The following steps are fuzzy TOPSIS computational procedures
adapted from Baharin et al.,, (2021) in evaluating the criteria weights and the ranking of candidates
to determine the best fit to occupy the vacant Registrar position.

Step 1: Determination of Criterion Weights . The relative importance (weights) of the twelve criteria
was elicited directly from the three experts using the same 7-point linguistic scale. This participatory
weighting approach ensures that the prioritization of criteria reflects expert judgment rather than
researcher assumptions. The linguistic weights were converted into TFNs and aggregated across kth
experts using the following rule:

W = (wjn, o, wjs)

where

min 1 max . . .
wj = k{v%-kl}; Wi, = ;Zﬁﬂ ijz,' Wiz = k{wj"3}; j=1,2,...,n criteria. (3.1)

This aggregation process captures both the diversity and consensus of committee evaluations.
In decision situations such as personnel selection and appointments, experts may hold divergent
views due to the inherently subjective and imprecise nature of the evaluation criteria. The min—-mean-—
max aggregation method effectively accommodates this variability; it is inclusive and captures the
full spectrum of expert uncertainty without suppressing individual perspectives. It yields a balanced
aggregation by combining conservative boundary estimates with a consensus-based central
tendency.

Step 2: Construct the aggregated fuzzy decision matrix, D by combining ratings from all DMs.

C1 C2 Cs Cn
Ay [R11 X2 Xz o X
Ay [Xr Xpp Xaz o Xop
D = Az [X31 X3p X3z 0 Xzp (3.2)
Am JZm1 JZm2 imS fmn

Let X;; be the aggregated fuzzy ratings of each candidates with respect to each criterion in a
group of K experts. It can can calculated as follows:

X = (aij, bij, ci]-); i=1,2, ..., m(candidates), j=1,2, ..., n (criteria)

min 1 max
where a;; = k{afj}; bij = ;Z};ﬁﬂ bikj; Gij = k(cikj) (3.3)
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kK — gk pk ok
and xi; = (ai}-, bl-j,cij)
Step 3: Normalize the decision matrix, D to ensure comparability across criteria.
Benefit criteria: 7. = “4 bu G . s — max 3.4
enefit criteria: 7; = —,—,—; ¢ = ""(cy) (54)
J J J
o a7 a7 a7 B .
Cost criteria: 7;; = -, =+, a; = "™"(a;;) (3.5
Cij bij al-]-

Step 4: Multiply fuzzy weight, W; by the normalized fuzzy decision matrix f; to obtain the

weighted normalized fuzzy decision matrix, V.

V= [Dijlmn 1=1,2, ..., m candidates, j =1,2,..., n criteria where ¥;; = 7;; [024) w; (3.6)
Step 5: Determine the Fuzzy Positive Ideal Solution (FPIS) and Fuzzy Negative Ideal Solution (FNIS).

FPIS; A™ = (91, 93, ..., V); where 7/ = ™% (v;;3) (3.7)

FNIS; A™ = (97, D3, ..., By,); where B = ™" (v;;,) (3.8)

Step 6: Compute the distance of each candidate’s performance from FPIS and FNIS using fuzzy

Euclidean distance.

Distance from FPIS;  d; = X7_, d(7;;, ;") (3.9)
Distance from the FNIS; di = ¥7_; d(¥;;, 7;7) (3.10)
a(@B) = [El@ = a) + (b~ b)? + (6 - 2] 311
Step 7: Calculate the Closeness Coefficient (CC:) for each candidate:
CCi=-%_, i=123,..m (3.12)
di +d;

i
Step 8: Ranking and Decision Process: The closeness coefficients (CCi), which range between 0 and
1, serve as crisp indicators of overall candidate performance. A higher CCi value indicates greater
proximity to the ideal solution and, thus, a higher ranking position. This stage yields a transparent
and traceable ranking list of candidates, providing a defensible basis for final selection decisions by
university committees. Candidates are then ranked in descending order of their crisp scores the

higher the value, the better the candidate’s suitability for the Registrar appointment.

3.2. The Implementation of Fuzzy TOPSIS Model

In this study, a simulated dataset was constructed due to the unavailability of real recruitment
data from Nigerian universities to illustrate the application of the fuzzy-TOPSIS model in the
selection of university administrative personnel. The simulated scenario assumes 12 candidates (Al
— Al2) competing for the position of Registrar, a key administrative post in a typical Nigerian
university. The candidates were evaluated by three experts (DM1 — DM3), representing the diverse
expertise of university selection committees (academic, administrative, and financial).

Each candidate was assessed across ten criteria (C1 — C10) derived from statutory university
requirements and relevant literature. The criteria are as follows: Academic Qualification (C1), Years
of Experience in Academia (C2), Leadership Ability (C3), Integrity and Ethical Standards (C4),
Administrative/Managerial Skills (C5), Strategic Alignment and Institutional Impact (C6),
Communication Skills (C7), Decision-Making and Problem-Solving Skills (C8), ICT and Digital
Literacy (C9), Vision and Strategic Thinking (C10). All criteria were modeled as benefit criteria,
meaning that higher values indicate more desirable qualities for the position.

The evaluation process began with each experts expressing the importance weights of the
criteria and performance ratings of the candidates using linguistic variables, which were then
converted into Triangular Fuzzy Numbers (TFNs) using the seven-point scale defined earlier. The
individual fuzzy assessments were subsequently aggregated to form a group fuzzy decision matrix,
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D and a set of aggregated fuzzy weights for the criteria. Table 3 presents the linguistic assessments
of the experts on the importance of the criteria. Table 4 displays the corresponding conversion of
these linguistic variables into TFNs and the aggregated fuzzy weights () for each criterion. Table 5
shows the linguistic ratings of the candidates across the ten criteria, while Table 6 provides the
aggregated fuzzy decision matrix D, representing the combined evaluations of all the three DMs.
Detailed results of all the 8 steps discussed above are attached in Appendix A below for review.

Table 3. Linguistic assessments of criteria importance by experts.

C1 c2 C3 C4 C5 Cé6 c7 C8 c9 C10
DM1 H VH H H MH VH H VH H MH
DM2 VH VH H H VH VH H H VH VH
DM3 VH VH VH H H MH VH H H MH
Table 4. Conversion of linguistic variables to TFNs and aggregated fuzzy weights (W)
C1 C2 C3 C4 C5
DM1 (7,9,10) (9,10,10) (7,9,10) (7,9,10) (5,7,9)
DM2 (9,10,10) (9,10,10) (7,9,10) (7,9,10) (9,10,10)
DM3 (9,10,10) (9,10,10) (9,10,10) (7,9,10) (7,9,10)
w; (7,9.67,10) (9,10,10) (7,9.33,10) (7,9,10) (5,8.67,10)
Co Cc7 C8 C9 C10
DM1 (9,10,10) (7,9,10) (9,10,10) (7,9,10) (5,7,9)
DM2 (9,10,10) (7,9,10) (7,9,10) (9,10,10) (9.10,10)
DM3 (5,7,9) (9,10,10) (7,9,10) (7,9,10) (5,7,9)
w; (5,9,10) (7,9.33,10) (7,9.33,10) (7,9.33,10) (5,8,10)
Table 5. The Linguistic ratings of the candidates.
C1 C2 C3 C4 G5 Co c7 C8 c9 C10
Al VL VL VL VH L VL L M H M
DM1 A2 L VH VL L M M L VH L H
A3 L L M VL VL H M M M VH
A4 H VL L VH M MH MH VL VH VH
A5 VH VH M VL M VL H M VH M
A6 L L M VL ML VH H H H
A7 VL M L L ML M H VH M L
A8 M H VH VL H H M VH VL H
A9 ML H H VL MH VH ML M H VL
A10 MH M M M VH L M ML M M
All H M M L VL VL H MH VL VH
Al2 H MH VH H M L VH H H VH
Al H M M M VL VL VL M VH H
A2 M H H VH VL M VL M VL M
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DM2 A3 VH VH M VH VH M VH L VH  VH
A4 VH VH ML M VH MH VL VH H L
A5 VL M MH ML H VL  VH H H VH
A6  VH H VH MH VL L VH M L L
A7  VH L VH M VL VL  VH M M VH
A8 M VL M L VL H VH M L
A9 M VL  VH H VL H M L VH  VH
A10 H ML VH VH VH H H VL H VH
All M VH M H VL VL M VL VL ML
Al2 VL  VH H H VL H VL M VH MH
Al L VL H H L M L L H H
DM3 A2 VH M M VH M L VH ML VH
A3 ML H VH H VL MH VL M MH  VH
A4 MH L L VH M M M M M H
A5 H VH VH VL VL ML H H H VL
A6 MH M VL M VH H MH  VH L MH
A7 L MH VH VL M H ML L VH  MH
A8 M ML MH VH VL H M ML ML
A9 M M ML L VH ML H VL MH M
A10  VH M M M M MH  VH M M VL
All H MH M VH MH VH H M M
Al2 VL MH L H ML VH VH M L L
Table 6. The weighted normalized fuzzy decision matrix .
Ww; (7,9.67,10) (9,10,10) (7,9.33,10) (7,9,10) (5,8.67,10)
C1 2 C3 C4 C5
Al (0,3.22,10) (0,1.66,10) (0,4.35,10) (2.1,7.2,10) (0,0.57,9)
A2 (0,3.54,7) (6.3,9.66,10) (0,4.35,10) (0,4.8,10) (0,4.33,9)
A3 (0,4.51,10) (0,6.66,10) (2.1,6.22,10) (0,5.7,10) (0,2.88,7)
A4 (3.5,8.37,10) (0,3.66,10) (0,1.55,5) (2.1,7.5,10) (1.5,5.77,9)
A5 (0,6.12,10) (2.7,8.33,10) (2.1,6.84,10) (0,0.9,5) (0,4.04,9)
A6 (0.5.8,10) (0,5,10) (0,4.66,10) (2.1,5.1,9) (0,2.88,9)
A7 (0,3.54,10) (0,4.33,9) (0,6.53,10) (0,1.8,7) (0,2.31,9)
A8 (2.1,4.83,7) (0.9,7,10) (0,5.28,10) (0,1.8,10) (0,2.88,9)
A9 (0.7,4.18,7) (0,4.66,10) (0.7,6.84,10) (0,3,10) (0,4.91,9)
A10 (3.5,8.37,10) (0.9,4.33,7) (2.1,6.22,10) (2.1,6,10) (1.5,7.22,9)
All (2.1,7.41,10) (2.7,7.33,10) (2.1,4.66,7) (0,6,10) (0,2.02,9)
Al2 (0,2.9,10) (4.5,8,10) (0,6.22,10) (4.9,8.1,10) (0,3.46,9)
W; (5,9,10) (7,9.33,10) (7,9.33,10) (7,9.33,10) (5,8,10)
C6 c7 C8 C9 C10
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Al (0,1.5,7) (0,0.62,3) (0,3.42,7) (4.9,8.71,10) (1.5,6.13,10)
A2 (1.5,4.5,7) (0,0.62,3) (2.1,7.77,10) (0,1.24,5) (1.5,6.4,10)
A3 (1.5,6.3,10) (0,4.66,10) (0,3.42,7) (2.1,6.84,10) (4.5,8,10)
Ad (1.5,5.7,9) (0,3.73,9) (0,4.66,10) (2.1,7.46,10) (0,5.33,10)
A5 (0,0.9,5) (4.9,8.71,10) (2.1,7.15,10) (4.9,8.71,10) (0,4,10)
A6 (0,3.9,10) (3.5,8.4,10) (2.1,7.46,10) (0,3.42,10) (0,4.53,10)
A7 (0,4.2,10) (0.7,6.84,10) (0,4.97,10) (2.1,6.22,10) (0,4.8,10)
A8 (0,5.4,10) (2.1,5.91,10) (2.1,7.77,10) (0,2.48,7) (0,3.46,10)
A9 (0.5,6.6,10) (0.7,5.28,10) (0,1.86,7) (3.5,8.08,10) (1.5,6.66,10)
A10 (0,5.1,10) (2.1,7.46,10) (0,2.48,7) (2.1,5.91,10) (0,4,10)
All (0,3,10) (2.1,7.15,10) (0,3.73,9) (0,1.55,7) (0,3.73,10)
Al2 (0,6,10) (0,6.22,10) (2.1,5.91,10) (0,6.22,10) (0,4.8,10)

3.3. Sensitivity Analysis

The fuzzy TOPSIS model must stay stable when inputs change. Sensitivity analysis checks this
stability. It helps to see if small changes in criteria or experts affect the final ranking. When results
remain similar, the model is said to be robust. Adapting the style from previous studies (Syamsuddin,
2013; Hatami-Marbini & Kangi, 2017; Baharin et al., 2021), two simple tests were used. The first test
removed one criterion at a time while keeping others fixed. This shows which criteria strongly
influence the result. Each model run was compared with the baseline ranking to see if the top
candidates changed. The second test removed one expert at a time. This checks if any single expert
had too much influence on the outcome.

The process began with the full model that used all ten criteria and three experts. The baseline
closeness coefficients of each candidate were recorded. Then, each criterion was dropped in turn, and
the model was recalculated. After that, each expert’s ratings were removed one after another, and the
results were compared. The new rankings were placed beside the original list to measure changes in
position. When the same candidates stayed near the top, the model proved stable.

This step also exposed how bias or unequal weights can affect the decision. If one expert or one
criterion shifts the ranking sharply, it signals where review is needed. A steady pattern means the
fuzzy TOPSIS process distributes influence fairly across evaluators and criteria. In the end, sensitivity
analysis builds trust in the model. It shows that the ranking is not random or biased but grounded in
balanced evaluation. A robust model gives reliable results even when small inputs vary, which is
vital for transparent personnel selection in universities.

4. Results and Discussion

This section presents the outcomes obtained from the implementation of the fuzzy TOPSIS
model and the subsequent sensitivity analyses carried out to assess the robustness and consistency
of the proposed approach.

4.1. Candidates Result

This study demonstrated the practical application of the fuzzy TOPSIS method with a simulated
dataset representing the recruitment of a qualified candidates for the office of a Registrar in a Nigerian
university. This technique determines candidates' ranking based on their closeness coefficient (CC),
which indicate the relative proximity of each candidates to the Fuzzy Positive Ideal Solution (FPIS)
and the Fuzzy Negative Ideal Solution (FNIS). Only one qualified candidate can occupy the office of
the Registrar at a time, therefore the computed CC; values and rankings of all the candidates are
summarized in Table 7.
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Table 7. The final ranking of the top three candidates with their respective CC; values.
Candidates CGi Baseline Ranking

Al 0.3872 12

A2 0.4941 8

A3 0.5119 5

A4 0.4988 6

A5 0.6066 1

A6 0.5252 4

A7 0.4616 11

A8 0.4826 9

A9 0.4949

A10 0.5527 2

All 0.4623 10

Al12 0.5427 3

Figure 3 demonstrates the ranking distribution, emphasizing the best three candidates for the
Registrar position.

0.62 0.6066
0.6

0.58

0.5527
0-56 0.5427

0.54

Closeness Coefficient

0.52
ate 5 ate 10 ate 12

(A5) (A10) (A12)

0.5

Figure 3. The closeness coefficient, CCi of the top three candidates.

The outcome of the model revealed that A5 has the highest CCi score, suggesting it as the most
suitable candidate to fill the role, because the higher the CC; value, the closer the candidate is to the
FPIS and the farther from the FNIS, indicating superior performance across all evaluation criteria
(Amiri-Aref et al., 2012; Collan et al., 2015). The outcome of the computations demonstrate that fuzzy
TOPSIS provides a transparent, consistent, and justifiable approach to personnel selection, and also
aligns with the findings of Nabeeh et al. (2019) and Gottwald et al. (2022), studies on MCDM
techniques ability in handling uncertainty. This outcome supports the model’s applicability to
academic personnel selection in an ideal Nigerian university settings.

4.2. Sensitivity Analysis

4.2.1. Results of Criteria-Based Sensitivity Test

The first test checked how each criterion affected the final ranking. One criterion was removed
at a time, and the fuzzy TOPSIS model was recalculated. The new rankings were then compared with
the original baseline. This method allows for evaluating how sensitive the entire decision is to the
absence of any single criterion. Table 8 contains the results of the first phase where Candidate 5 (A5)
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from the baseline ranking remains consistent across all the twelve scenarios carried out. This stability
indicates that the model is robust and not majorly dependent on any specific criterion.

Table 8. Ranking variations under criterion-drop sensitivity analysis.

Candidates Criterion Being Dropped
State 1 (C1) State 2 (C2) State 3 (C3) State 4 (C4) State 5 (C5)
Al 0.3940 0.4372 0.3605 0.3388 0.4040
A2 0.5277 0.4311 0.4793 0.4932 0.4880
A3 0.5209 0.5186 0.4836 0.5365 0.5246
A4 0.4651 0.5238 0.5344 0.5209 0.4794
A5 0.6161 0.5974 0.5713 0.6441 0.6132
Ab 0.5281 0.5451 0.5136 0.5520 0.5344
A7 0.4724 0.4822 0.4338 0.4955 0.4708
A8 0.4910 0.4797 0.4634 0.5192 0.4888
A9 0.5155 0.5132 0.4660 0.5225 0.4849
Al10 0.5216 0.5855 0.5248 0.5912 0.5226
All 0.4407 0.4454 0.4569 0.4848 0.4731
Al12 0.5619 0.5206 0.5256 0.5680 0.5479
Ranking A5>A12>A6  A5>A10>A6  A5>A4>A12 A5>A10>A12 A5>A12>A6
Candidates Criterion Being Dropped
State 6 (C6) State 7 (C7) State 8 (C8) State 9 (C9) State 10 (C10)
Al 0.4000 0.4434 0.4018 0.3114 0.3814
A2 0.4895 0.5633 0.4545 0.5246 0.4937
A3 0.4806 0.5053 0.5309 0.4709 0.5501
A4 0.4747 0.5001 0.4971 0.4497 0.5458
A5 0.6622 0.5489 0.5812 0.5401 0.6866
Ab 0.5142 0.4804 0.4967 0.5113 0.5785
A7 0.4428 0.4313 0.4547 0.4131 0.5195
A8 0.4577 0.4545 0.4481 0.4852 0.5436
A9 0.4627 0.4789 0.5275 0.4363 0.5431
A10 0.5355 0.5240 0.5845 0.5209 0.6218
All 0.4518 0.4254 0.4686 0.4579 0.5207
Al2 0.5217 0.5324 0.5299 0.5197 0.6036
Ranking A5>A10>A12  A2>A5>A12  A10>A5>A3 A5>A2>A10 A5>A10>A12

The CCi value of each candidate at ten different states was show in the table above. The outcome
which is the CCi value of the candidates changed when the weight of each criterion was shifted to
zero. The findings revealed that out of the ten states, A5 had the maximum scores in eight states (state
1,2,3,4,5,6,9, and 10). However, A10 was ranked first for one state (state 8), second for four states
(state 2, 4, 6, and 10) and third for other one state (state 9) . In addition, A12 obtained second for two
states (state 1 and 5), and third for five out of ten states (state 3, 4, 6, 7, and 10) as depicted in Table 8.
Hence, it can be validated that A5 was the most preferred candidate to occupy the position while
others were the least preferred. The results showed that small changes in the criteria had little effect
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on the overall order. The top three candidates stayed the same in all runs. Only minor shifts appeared
in the middle positions. This means no single criterion dominated the result.

When the most weighted criteria, such as academic qualification (C1) and years of experience in
academia (C2) were removed, the ranking still held steady. That stability confirms that the fuzzy
TOPSIS structure balanced all inputs fairly. It also shows that the criteria weights assigned earlier
were consistent with the model’s logic. This test proved that the model is not sensitive to any single
criterion. A change in one factor does not distort the overall judgment, which is key for fair and
repeatable personnel selection.

4.2.2. Results of Decision-Maker-Based Sensitivity Test

The second test focused on the influence of each expert. One expert’s ratings were removed in
turn, and the fuzzy TOPSIS model was recalculated. The purpose was to check if any single expert’s
opinion had too much weight in the final ranking. This approach was used in previous studies by
Hatami-Marbini & Kangi (2017) and Nabeeh et al. (2019), to seek insight into the model’s adaptability
to potential bias or inconsistencies among DMs.

Table 9. Ranking variations under DM-drop sensitivity analysis.

Candidates experts being dropped
State 1 (DM1) State 2 (DM2) State 3 (DM3)
CGi Ranking CGi Ranking CGi Ranking
Al 0.4646 10 0.3492 12 0.3184 12
A2 0.5132 6 0.5233 6 0.4048 9
A3 0.5743 3 0.4685 9 0.4698 7
A4 0.5250 5 0.4470 11 0.5051 2
A5 0.6152 1 0.6951 1 0.5010 4
Ab 0.5358 4 0.5324 5 0.4542 8
A7 0.5039 7 0.4651 10 0.3837 10
A8 0.4613 12 0.5205 8 0.4982 5
A9 0.4636 11 0.5552 3 0.5020 3
A10 0.6082 2 0.5210 7 0.4981 6
All 0.4976 8 0.5549 4 0.3250 11
Al12 0.4719 9 0.5851 2 0.5609 1

The results stayed stable across all runs. The same top candidates appeared even when one
evaluator’s inputs were excluded. As observed from the table above, A5 was ranked first in two states
(states 1 and 2), and fourth in state 3. Only slight ranking shifts occurred in lower positions, which
did not affect the final choice. This shows that no expert dominated the process. The finding also
means that the group decision was consistent and balanced. Each evaluator’s input added value, but
none could change the outcome alone. This balance supports the fairness and transparency of the
proposed method. The sensitivity analysis confirmed that the fuzzy TOPSIS model produced reliable
and steady results. The model stayed firm when criteria or expert inputs changed, proving it is robust
enough for real-world personnel decisions. In conclusion, the model demonstrates strong predictive
consistency and provides a transparent, reproducible framework for university personnel selection.

4.3. Discussion

The results underscore the practical application of the fuzzy TOPSIS model to university
personnel selection processes in Nigeria. By integrating linguistic assessments and fuzzy logic, the
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model accommodates the inherent subjectivity of human judgments while ensuring mathematical
consistency. Compared to conventional ranking or scoring methods, the fuzzy TOPSIS approach
enhances transparency and objectivity by providing a quantifiable rationale for each decision
outcome. The consistent top ranking of Candidate A5 across multiple sensitivity analyses shows that
the model’s decision outcome is not easily influenced by individual bias or the exclusion of specific
criteria. This demonstrates the reliability and stability of the method in real decision environments
where subjective assessments play a significant role.

From a practical standpoint, these results imply that university selection committees can rely on
the fuzzy TOPSIS model to make fair and evidence-based choices rather than decisions driven by
personal or political interests. The model also provides a traceable record of how final rankings were
derived, improving accountability and transparency in leadership appointments. Additionally, by
capturing the range of expert opinions through fuzzy aggregation, it ensures inclusiveness and
minimizes conflict among experts.

More broadly, the findings suggest that implementing fuzzy TOPSIS in university recruitment
could help restore public trust in academic governance by demonstrating that appointments are
guided by measurable merit and structured evaluation. Therefore, beyond its computational
strength, the model serves as a socially valuable decision-support tool for promoting fairness,
credibility, and accountability within the Nigerian higher education system. Finally, these findings
align with prior studies emphasizing the utility of fuzzy MCDM models in complex decision-making
contexts (Nabeeh et al., 2019; Gottwald et al., 2022; Tugrul, 2022) and extend their application to the
Nigerian higher education environment, where structured selection systems remain limited.

5. Conclusion and Recommendations

This study proposed and demonstrated a fuzzy TOPSIS-based decision support model for
selecting management personnel in Nigerian universities, using a Registrar’s position as a case study.
The model successfully incorporated qualitative and quantitative criteria, handled linguistic
uncertainty via fuzzy logic, and aggregated multiple evaluators” judgments to ensure fairness. The
results identified Candidate 5 as the most suitable, achieving the highest closeness coefficient.
Subsequent sensitivity analyses confirmed the model's stability and reliability, as the ranking of top
candidates remained largely consistent even when criteria or experts were modified. This outcome
demonstrates that fuzzy TOPSIS provides a structured, transparent, and defensible framework for
personnel selection, which can minimize subjectivity, promote merit-based selection, and enhance
institutional accountability. Based on the findings, it is recommended that Nigerian universities
should consider adopting fuzzy-based MCDM techniques like fuzzy TOPSIS for leadership selection.
This would help reduce bias, improve transparency, and counter the negative influences of
favouritism and nepotism identified in the literature (Oladimeji & Oladejo, 2023; Ogunode &
Sarkinfada, 2023).

For future research, this model should be applied to real-world recruitment data from Nigerian
universities to further validate its effectiveness and practical applicability. To promote consistent,
data-driven, and auditable selection processes, it is recommended that fuzzy TOPSIS framework
should be embedded within institutional e-recruitment platforms and digital decision-support
systems. Also, the proposed framework is adaptable and can be extended to other key administrative
and academic positions, such as Vice-Chancellor, Dean, Bursar, or for academic staff selection
(Paraskevas & Madas, 2024). Furthermore, the fuzzy TOPSIS model offers a reliable and innovative
approach to enhancing fairness and accountability in university personnel selection. Its integration
can significantly strengthen governance and institutional credibility within the Nigerian higher
education system.

Supplementary Material: The following supporting information can be downloaded at the website of this paper
posted on Preprints.org. The supplementary file “Fuzzy-TOPSIS-Data File.xlsx” contains the input data and

computational results supporting this study.
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Appendix A
The following tables contain results of the Fuzzy TOPSIS steps discussed in the methodology
section
ASSIGNATION OF IMPORTANCE TO CRITERIA BY THE EXPERTS
C1 C2 C3 C4 C5 Coé c7 Cc8 9 C10

DM1 High Very High High High Moderately High Very High High Very High High Moderately High

DM2 | Very High | Very High High High Very High Very High High High Very High Very High

DM3 | Very High | Very High | Very High High High Moderately High | Very High High High Moderately High

THE AGGREGATED FUZZY WEIGHT OF EACH CRITERION

DM1| 7 9 (10| 9 [1010] 7 9 |10 7 9 (10] 5 7 9 9 |10 10| 7 9 |10 9 |10 |10]| 7 9 [10] 5 7 9

DM2| 9 (10 |10 [ 9 | 10 [ 10 | 7 9 |10 7 9 (10| 9 |10(10] 9 [10]10 ]| 7 9 | 10| 7 9 (10| 9 |10 (10| 9 [10] 10

DM3| 9 (10 |10 ( 9 |10 |10 9 |10 |10 ]| 7 9 (10] 7 9 (10] 5 7 9 9 |10 10| 7 9 (10| 7 9 [10] 5 7 9

9.666 9.333 8.666 9.333 9.333 9.333

6666 3333 6666 3333 3333 3333

Wi 7 (67|10 9 |10|10 | 7 |33 |10 7 9 (10| 5 |67 (10| 5 9 |10 7 |33 |10| 7 |3 (10| 7 [33|10]| 5 8 |10

THE RATING OF THE CANDIDATES

C1 C2 C3 C4 C5 Ce C7 C8 9 C10
(Candidate-1 VL VL VL VH L VL L M H M
(Candidate-2 L VH VL L M M L VH L H
(Candidate-3 L L M VL VL H M M M VH

DM1

(Candidate-4 H VL L VH M MH MH VL VH VH
(Candidate-5 VH VH M VL M VL H M VH M
(Candidate-6 L L M M VL ML VH H H H
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(Candidate-7 VL M L L ML M H VH M L
ICandidate-8 M H VH VL H H M VH VL H
ICandidate-9 ML H H VL MH VH ML M H VL
ICandidate-10 MH M M M VH L M ML M M
(Candidate-11 H M M L VL VL H MH VL VH
Candidate-12 H MH VH H M L VH H H VH
ICandidate-1 H M M M VL VL VL M VH H
(Candidate-2 M H H VH VL M VL M VL M
ICandidate-3 VH VH M VH VH M VH L VH VH
ICandidate-4 VH VH ML M VH MH VL VH H L
[Candidate-5 VL M MH ML H VL VH H H VH
[Candidate-6 VH H VH MH VL L VH M L L
ICandidate-7 VH L VH M VL VL VH M M VH
[Candidate-8 M H VL M L VL H VH M L
[Candidate-9 M VL VH H VL H M L VH VH
ICandidate-10 H ML VH VH VH H H VL H VH
[Candidate-11 M VH M H VL VL M VL VL ML
DM2 |Candidate-12 VL VH H H VL H VL M VH MH
(Candidate-1 L VL H H L M L L H H
(Candidate-2 M VH M M VH M L VH ML VH
(Candidate-3 ML H VH H VL MH VL M MH VH
(Candidate-4 MH L L VH M M M M M H
(Candidate-5 H VH VH VL VL ML H H H VL
(Candidate-6 MH M VL M VH H MH VH L MH
Candidate-7 L MH VH VL M H ML L VH MH
DM3
(Candidate-8 M ML MH VH VL H M M ML ML
(Candidate-9 M M ML L VH ML H VL MH M
ICandidate-10 VH M M M M MH VH M M VL
ICandidate-11 H MH M VH MH VH H M M L
ICandidate-12 VL MH L H ML VH VH M L L
REPLACING LINGUISTIC TERMS WITH TRIANGULAR FUZZY NUMBERS (TFNs)
C1 C2 C3 C4 C5 Cé6 Cc7 Cc8 9 C10
ICandidate-1 |O0| O [ 1 {0O| O |1 |0]O0O|1|9]|10]10| 0] 1 3 (olo0of1]0 1 3 (3|57 (79 (|10(3[5]7
Candidate-2 |0 | 1 [ 3 |9|10|10[0[0|1|0| 1|3 [3]|35 7 3|5 |7]0 1 3 (910{10[0|1[3]|7]9]10
DM1 [Candidate-3 [0 1 | 3 (0] 1 [3 3|57 |0fO0 |1 [O0]|O 1179 (10]3 5 7 13|57 (3|57 (9]10]10
ICandidate-4 (7| 9 |10| 0| O 1(0(1]3]|]9(10]10]3 5 7 5 7 9 5 7 9 0|01 (9|10|10]|9]|10]|10
ICandidate-5 (91010 |9 | 10 (10 (3|5 |7 |0]| O 1 3 5 7 0 0 1 7 9 0(3(5(7]9]|10]10(3]|5 7
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Candidate-6 {0| 1|3 |0| 1|3 (3|57 (3|5 (7|00 1 (1|3 |5|9]| 10 |10(7]|9]10|7|9|10]|7|9]10

Candidate-7 0| 0 | 1 |3| 5|7 0|13 |0|1 (3|13 |5 (3|5 |73 9|9 |9|10(103|5]|7|0|1]3

(Candidate-8 |3 | 5| 7 |7| 9 |10[{9]|10(10[0]| O 11719 101719 |10(3 5 7 19|10{10{0)0]1]7]9]10

Candidate-9 |1| 3 | 5 |7| 9 |10|7])9|10{0| O 1T |57 |9 (9|10]|10|1]| 3 |5 |(3|5|7 |79 |[10]9]|10]10

(Candidate-10{ 5| 7 | 9 |3| 5 | 7 (3|57 [3]| 5 7 19]10]10|0f1 3|3 5 711|135 |35 (7]|3[5]7

Candidate-11{7| 9 |10|3| 5 | 7 (3|5 |7 (0| 1 (3 |OfO0O | 1 (O] O |1 |7]| 9 |10|5]7]9|0|0|1]9|10]10

Candidate-12{ 7| 9 |10 |5| 7 | 9 [9|10[10(7| 9 (10 |7 | 9 |10 (0| 1 31910 (1079|1079 |10|9|10]|10

Candidate-1 |79 |10|3| 5 |7 (3|5 |7 (3|5 (7|00 1 (0|0 ]| 1|0 O |1 |3|5|7|9|10[10]7|9]10

Candidate-2 {3| 5| 7 |7| 9 |10|(7|9|10|9|10f10|0O|O0O ]| 1 (3|5 |7 |0 0 |1 |3[5[7]|]0]0]|1|3|5]|7

ICandidate-3 {910 10|9| 10|10 (3|5 |7 [9]10 |10 |9 (10| 10 [ 3| 5 719 10 (10| 0|13 |9 |10]|10(9]|10]|10

ICandidate-4 {91010 |9 |10 |10|1|3 |5 (3|5 |7 9101057 |9|0]| 0 |1 |[9|10(10|7]9|10{0|1]3

Candidate-5 0| 0 | 1 |3| 5|7 (5|7 |9|1|3 (5|79 ]|]10(f(0|0]|1]|9]| 10 |10[7]|]9]|10|7|9|10]|9]|10]10

ICandidate-6 {91010 |7| 9 |10 |9|10|(10|(5| 7 |9 |00 ] 1 (0| 1 |3 |9]| 10 |10(3|[5[7]|]0]1]|3|0|1]3

(Candidate-7 {91010 | 0| 1 | 3 [9]10[10|3]| 5 71010 1 0| 0 11910 100|357 (3]|5]|7]9|10]10

(Candidate-8 (3|5 | 7 (7|9 |10|0|jO|1 (3|5 |7 (|01 |3 |0o|O]|1(|7| 9 [10[9]|10{10|3 |5 |7 |0]|1]|3

ICandidate-9 3|5 | 7 (0] 0 [1]9]|10|10(7]| 9 (100 | O 1 719|103 5 71013 (9]10]10]|9]|10]10

(Candidate-10{ 7| 9 |10 |1| 3 | 5 [9|10[10|{9|10 (10 |9 (10| 10 [ 7| 9 |10| 7 9 10(0)0) 1 (7|9 ([10|9|10]10
DM2

(Candidate-11{3 | 5 | 7 |9 10 |10 (3|5 |7 |7| 9 [10 |0 [ O 1 0] 0 113 5 7{0jO0|1|O0OfO0Of1]|1[3]|5

ICandidate-12[{0 | 0 | 1 (9] 10 [10|7| 9 |10|(7| 9 [10 [0 | O 1 719 |10|0 0 113|5(7(9]10]10|5]|7 ]9

Candidate-1 {0 1 | 3 |0| 0|1 |7)9 107|900 1| 3 (3|5 |7|0| 1 |3 [0]|1]|3]|7|9]|10]7|9]10

Candidate-2 {3| 5| 7 |9|10|10(3|5 |7 (3|57 |9|10]|10(3|5|7|0| 1 |3 [9]|10{10|1|3|5]|9|10]10

Candidate-3 |1| 3 | 5 |7| 9 |10|9)10(10|7| 9 (10|00 | 1 (5|7 |9]|0| 0 |1 |[3|5]|7|5|7|9]|9|10]10

Candidate-4 |5| 7 | 9 |0| 1|3 |01 [3|9]|10(f10|3 |5 | 7 (3|5 |7 |3| 5 |7 |3|5|7|3|5|7]|7|9]10

(Candidate-5 |7 | 9 |10|9| 10|10 |9|10|(10{0| O |1 |O|O | 1 (1|3 |5|7| 9 |10(7][9]10]|7]|9|10]0|0]1

Candidate-6 |5| 7 | 9 |3| 5|7 (|0|J0|1|3|5 |7 |9|10]]10(7]| 9 |10|5]| 7 |9 [9]|10[10/0]|1]|3|5|7]|9

DM3 (Candidate-7 |0 1 | 3 (5| 7 [ 9 |9|10]|10|0]| O 113]5 7 719|101 3 51013 ]|9|10(|10(5[7 ]9

Candidate-8 3|5 | 7 (1|3 |5]|5|7|9|9|10f(100(O0O| 0| 1T |7|9|10|3| 5 7 |[3|5|7|1|[3]5|1|3]|35

(Candidate-9 [3 |5 | 7 (3|5 |7 [1][3]|5(|0]1 3 19(10]10]|1 3 517 9 wlo|jo|1|5(7]9]|3|5]|7

ICandidate-10{ 9 |10 |10 (3| 5 [ 7 [3| 5| 7 [3]| 5 7 13]5 7 517 919 10 03|57 |3[5]|7|0]0]1

(Candidate-11{7 | 9 |10 (5| 7 [ 9 |3| 5|7 (9|10|10|(5| 7| 9 |9|1W0|1W0|7| 9 [(10|3|5|7|3|[5]|7|0]1]|3

ICandidate-12[{0 | 0 | 1 (5] 7 | 9 |0| 1|3 [7| 9 [10 |1 3 5 910|109 10 0357|013 ]|0]1]3

AGGREGATED FUZZY DECISION MATRIX

C1 C2 C3 C4 C5 Co c7 Cc8 9 C10
(Candid 3.33333 1.66666 4.66666 0.66666 1.66666 0.66666 3.66666 9.33333 7.66666
ate-1 0| 333 |10|0 | 6667 | 7 | 0| 6667 |10 |3 8 10|10 6667 3|0 | 6667 | 7 [0 ]| 6667 | 3 [0 | 6667 | 7 |7 | 3333 |10 |3 | 6667 |10
(Candid 3.66666 9.66666 4.66666 5.33333 0.66666 8.33333 1.33333

ate-2 0| 6667 | 7

~

6667 |10 |0 | 6667 [10| 0 | 3333 [10 | O 5 10| 3 5 7 10] 6667 | 3 |3 3333 (100 3333 | 5|3 8 10
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(Candid 4.66666 6.66666 6.66666 6.33333 3.33333 3.66666 7.33333
ate-3 0| 6667 [10|0 | 6667 |10|3 | 6667 |10 |0 | 3333 | 10| 0| 3333 |10| 3 7 10(0 5 10 (0| 6667 | 7 [3| 3333 [10|9 10 10
(Candid 8.66666 3.66666 1.66666 8.33333 6.66666 6.33333 6.66666
ate-4 51 6667 [10 |0 | 6667 (10| 0 | 6667 |5 |3 | 3333 [10|3 | 6667 [10|3 | 3333 | 9 |0 4 910 5 103 8 10| 0 | 6667 |10
(Candid 6.33333 8.33333 7.33333 4.66666 9.33333 7.66666 9.33333
ate-5 0| 3333 |10|3 | 3333 |10|3 | 3333 (10| 0 1 50| 6667 (10| 0 1 573333 [10|3| 6667 (10| 7 | 3333 (10| 0 5 10
(Candid 5.66666 3.33333 4.33333 3.66666 5.66666
ate-6 0 6 100 5 100 5 10({3 | 6667 [ 9 [0 3333 [10({0 | 3333 (10 |5 9 10 | 3 8 10 (0| 6667 |10 [0 | 6667 |10
(Candid 3.66666 4.33333 2.66666 4.66666 7.33333 5.33333 6.66666
ate-7 0| 6667 [10|0 | 3333 | 9 |0 7 10(0 2 7 10] 6667 |7]0| 6667 | 10| 1| 3333 |10 |0 | 3333 |10 |3 | 6667 |10 | O 6 10
(Candid 5.66666 3.33333 6.33333 8.33333 2.66666 4.33333
ate-8 3 5 711 7 10 (0| 6667 |10 |0 2 10| 0| 3333 (10| 0 6 10| 3| 3333 (103 | 3333 |10| 0| 6667 | 7 | 0| 3333 |10
(Candid 4.33333 4.66666 7.33333 3.33333 5.66666 7.33333 5.66666 8.66666 8.33333
ate-9 1] 3333 | 7 (0] 6667 |10 1| 3333 |10 (0| 3333 |10 [0 | 6667 |10| 1 | 3333 [10| 1 | 6667 |10 |0 2 7 5| 6667 (103 | 3333 |10
(Candid 8.66666 4.33333 6.66666 6.66666 8.33333 5.66666 2.66666 6.33333
ate-10 [ 5[ 6667 [10 |1 | 3333 [ 7 |3 | 6667 |10 |3 | 6667 |10 |3 | 3333 |10| 0 [ 6667 |10 |3 8 10 (0| 6667 | 7 [3 | 3333 [10| 0 5 10
(Candid 7.66666 7.33333 6.66666 2.33333 3.33333 7.66666 1.66666 4.66666
ate-11 | 3 [ 6667 [10 |3 | 3333 | 10| 3 5 7 10| 6667 |10 (0| 3333 [9|0| 3333 |10 |3 | 6667 |10 |0 4 9 10| 6667 |7 |0 6667 |10
(Candid 6.66666 6.66666 6.66666 6.33333 6.66666
ate-12 | 0 3 10|5 8 10 (0| 6667 |10 |7 9 10]0 4 10|10 | 6667 (10| 0 [ 6667 |10 |3 | 3333 (10| 0 | 6667 |10 |0 6 10
NORMALIZED FUZZY DECISION MATRIX

C1 C2 C3 C4 C5 Coé Cc7 Cc8 9 C10

(Candid 0.33333 0.16666 0.46666 0.06666 0.16666 0.06666 0.36666 0.93333 0.76666

ate-1 0 3333 [ 1|0 6667 [0.7]0 | 6667

[

03| 08 10| 6667 10310 | 6667 |0.7]0 | 6667 |03]|0 | 6667 |0.7(0.7] 3333 | 1 [0.3] 6667 | 1

(Candid 0.36666 0.96666 0.46666 0.53333 0.06666 0.83333 0.13333
late-2 0| 6667 [0.7]0.7] 6667 | 1 | 0| 6667 | 1 |0| 3333 |1 |0]| 05 |1]03[ 05 |07|0]| 6667 [0.3]0.3| 3333 | 1 | 0| 3333 |0.5(0.3] 0.8 1
(Candid 0.46666 0.66666 0.66666 0.63333 0.33333 0.36666 0.73333

ate-3 0| 6667 [ 1 |0 6667 | 1 03] 6667 | 1 | 0| 3333 | 1 |0]| 3333 |1]03| 0.7 10| 05 1]10] 6667 |0.7(0.3] 3333 | 1 [0.9 1 1

(Candid 0.86666 0.36666 0.16666 0.83333 0.66666 0.63333 0.66666
ate-4  [0.5| 6667 | 1 [0 | 6667 | 1 |0 | 6667 |0.5(0.3| 3333 | 1 [0.3] 6667 |1 (0.3 3333 [09|0 | 04 (09|00 0.5 1 103| 08 10| 6667 | 1
(Candid 0.63333 0.83333 0.73333 0.46666 0.93333 0.76666 0.93333

ate-5 0 3333 [ 1 (03] 3333 | 1 (03] 3333 |1 ]|0]| 01 |05/0] 6667 |1]|0| 01 ]05]0.7| 3333 | 1 |0.3| 6667 | 1 |0.7| 3333 | 1 [0 ]| 05 1
(Candid 0.56666 0.33333 0.43333 0.36666 0.56666
ate-6 0| 0.6 10| 05 1({0] 05 1 103| 6667 |09 0| 3333 | 1[0 3333 | 1 [0.5] 09 1103| 08 1]0] 6667 | 1 |0| 6667 | 1
(Candid 0.36666 0.43333 0.26666 0.46666 0.73333 0.53333 0.66666

ate-7 0] 6667 | 1 |0 | 3333 (09]|0 0.7 110 02 10.7]|0]| 6667 (0.7] 0| 6667 | 1 |0.1f 3333 [ 1 (0| 3333 | 1 |0.3] 6667 | 1 |0 0.6 1

(Candid 0.56666 0.33333 0.63333 0.83333 0.26666 0.43333
ate-8 03| 05 ]0.7]0.1] 0.7 1|10] 6667 | 1[0 0.2 110] 3333 |10 0.6 1 (03] 3333 | 1 |0.3| 3333 | 1 [0 6667 [0.7]0 | 3333 | 1
[Candid 0.43333 0.46666 0.73333 0.33333 0.56666 0.73333 0.56666 0.86666 0.83333

ate-9  [0.1| 3333 |0.7[0 | 6667 | 1 (0.1| 3333 | 1 [0 | 3333 [ 1 [0 | 6667 |1 0.1 3333 [ 1 |0.1| 6667 |1 |0 | 02 |0.7]05 6667 | 1 |03 3333 | 1

(Candid 0.86666 0.43333 0.66666 0.66666 0.83333 0.56666 0.26666 0.63333

ate-10 [0.5| 6667 | 1 [0.1| 3333 |0.7(0.3| 6667 | 1 [0.3] 6667 | 1 [0.3] 3333 |1

o

6667 | 1 10.3| 0.8 10| 6667 |0.7]03] 3333 | 1 |0 | 05 1
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(Candid 0.76666 0.73333 0.66666 0.23333 0.33333 0.76666 0.16666 0.46666

ate-11 0.3 6667 | 1 0.3 3333 | 1 {0.3] 0.5 [0.7|0| 6667 | 1 |0 | 3333 |0.9] 0| 3333 | 1 |03] 6667 | 1 |0 | 04 [09|0]| 6667 |0.7|0 | 6667 | 1

(Candid 0.66666 0.66666 0.66666 0.63333 0.66666

ate-12 [0 | 03 1 (05| 0.8 1 (0] 6667 | 1 (0.7] 09 10| 04 |1

=}

6667 | 1 |0 | 6667 |1 103| 3333 | 1 |0]| 6667 | 1 |0 ]| 0.6 1

WEIGHTED NORMALIZED FUZZY DECISION MATRIC

9.66666 9.33333 8.66666 9.33333 9.33333 9.33333

Wj 7 | 6667 |10 |9 10 10|17 3333 |10 |7 9 10 (5| 6667 (10| 5 9 107 | 3333 [10 (7| 3333 (10 |7 | 3333 [10|5 8 10

C1 Cc2 Cc3 C4 G5 Cé Cc7 c8 9 C10

(Candid 3.22222 1.66666 4.35555 0.57777 0.62222 3.42222 8.71111 6.13333

ate-1 0f 2222 (10| 0| 6667 | 7 | 0| 5556 |10 |2.1| 7.2 10(0]| 7778 9|0 1.5 710 2222 | 3 (0| 2222 | 7 (49| 1111 |10 |1.5 3333 |10

(Candid 3.54444 9.66666 4.35555 4.33333 0.62222 7.77777 1.24444

ate-2 0| 4444 | 7 |6.3] 6667 | 10| 0| 5556 |10 | 0| 48 |10|0| 3333 |9 |1.5| 4.5 7 10| 2222 | 3 (21| 7778 |10 [0 | 4444 | 5 [1.5| 64 |10

(Candid 451111 6.66666 6.22222 2.88888 4.66666 3.42222 6.84444

ate-3 0| 1111 [10| 0 | 6667 |10 (21| 2222 |10 |0 | 57 |10|0| 8889 |7 |15 63 |10|0| 6667 |10 |0 | 2222 | 7 (2.1| 4444 |10 4.5 8 10

(Candid 8.37777 3.66666 1.55555 5.77777 3.73333 4.66666 7.46666 5.33333

ate-4 3.5 7778 [10 |0 [ 6667 (10| 0 | 5556 | 5 |2.1| 7.5 |10 |15 7778 |9 [1.5| 5.7 9 [0 3333 [9 |0 6667 [10 (2.1 6667 [10]0 | 3333 |10

(Candid 6.12222 8.33333 6.84444 4.04444 8.71111 7.15555 8.71111

ate-5 0| 2222 (10|27 3333 |10 |2.1| 4444 |10| 0 0.9 510 4444 (9|0 0.9 5 (49( 1111 |10 (2.1 5556 |10 |49 1111 [10 |0 4 10

(Candid 4.66666 2.88888 7.46666 3.42222 4.53333

ate-6 0| 58 |10]0 5 10 (0| 6667 |10 [2.1] 5.1 9 10| 8889 (9|0 39 |[10|35( 84 |[10|21| 6667 |10 |0 | 2222 |10 |0 | 3333 |10

(Candid 3.54444 4.33333 6.53333 231111 6.84444 4.97777 6.22222

ate-7 0| 4444 (10| 0| 3333 | 9 | 0| 3333 |10| 0 1.8 7 10] 1111 |9 (|0 4.2 10 (0.7| 4444 (10 (0 | 7778 |10 |2.1| 2222 (10| O 4.8 10

(Candid 4.83333 5.28888 2.88888 5.91111 7.77777 2.48888 3.46666

ate-8 (2.1 3333 [ 7 |09 7 10| 0| 8889 |10(0| 1.8 |10(0| 8889 (9|0 | 54 |10 (21| 1111 |10 (21| 7778 |10 (O | 8889 [ 7 | O | 6667 |10

(Candid 4.18888 4.66666 6.84444 491111 5.28888 1.86666 8.08888 6.66666

ate-9 0.7 8889 [ 7 | 0 | 6667 |10 (0.7| 4444 | 10| 0 3 10({0| 1111 [ 9 |05 6.6 |10 |0.7| 8889 |10 [0 | 6667 | 7 (3.5 8889 |10 1.5 6667 |10

(Candid 8.37777 4.33333 6.22222 7.22222 7.46666 2.48888 591111

ate-10 (3.5 7778 |10 0.9 3333 | 7 |2.1]| 2222 |10 |2.1 6 10 |1.5) 2222 (9|0 5.1 10 (2.1| 6667 |10 (O | 8889 | 7 (2.1 1111 (10| O 4 10

(Candid 7.41111 7.33333 4.66666 2.02222 7.15555 3.73333 1.55555 3.73333

ate-11 (2.1 1111 |10 |2.7| 3333 |10 |2.1| 6667 | 7 | O 6 1010 2222 (9]0 3 10 (2.1| 5556 [10 [0 | 3333 | 9 [0 | 5556 7 | O | 3333 |10

(Candid 6.22222 3.46666 6.22222 591111 6.22222

ate-12 | 0 [ 29 [10|45] 8 10| 0| 2222 |10 (49| 8.1 10({0| 6667 [9]0 6 10 (0| 2222 (10 (2.1 1111 |10 [0 | 2222 (10| 0 | 48 [10

3.5 10.0(6.3 10.0|2.1 10.0|14.9 10.0|1.5 9.0|1.5 10.0|4.9 10.0{2.1 10.0/4.9 10.0|4.5 10.0

A* |00| 8.378 | 00 (00| 9.667 | 00 |00| 6.844 | 00 (00| 8.100 | 00 (00| 7.222 (00|00| 6.600 | 00 (00| 8.711 |00 (00| 7.778 | 00 (00| 8.711 | 00 {00 | 8.000 | 00

0.0 7.00/0.0 7.00{0.0 5.00/0.0 5.00/0.0 7.0{0.0 5.00/0.0 3.00/0.0 7.00/0.0 5.00/0.0 10.0

A- |00f 2.900 [ O |00 1.667 | O |00| 1.556 | O |00| 0.900 | O |00| 0.578 |00|00| 0.900 | O |00| 0.622 | O |00| 1.867 | O |00| 1.244 | O (00| 3.467 | 00

DISTANCE FROM FPIS
C1 2 Cc3 C4 5 C6 c7 c8 9 C10 D*
(Candidate-
1 3.597673002 | 6.12889332 | 1.880121264 | 1.698038084 | 3.932710769 | 3.524202037 | 6.793136817 | 3.285364728 0 2.039970951 | 32.88011097
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(Candidate-
2 3.85621192 0 1.880121264 | 3.661056314 | 1.879333127 | 2.114237451 | 6.793136817 0 5.909346019 | 1.902143041 | 27.99558595
(Candidate-
B 3.011152111 | 4.028647416 | 0.359240167 | 6.645549889 | 2.888354651 | 0.173205081 | 3.668220771 | 3.285364728 | 1.942888266 | 7.83687863 | 33.83950171
(Candidate-
4 0 5.022947342 | 4.373493862 | 7.318014303 | 0.833950389 | 0.776745347 | 4.073829959 | 2.16710347 | 1.769052663 | 6.543303051 | 32.87844038
(Candidate-
5 2.403991879 | 2.216436914 0 3.092643601 | 2.028815057 | 4.462435807 0 0.359240167 0 6.3288093 | 20.89237273
(Candidate-
6 2.50964395 | 4.526506297 | 1.746684101 | 6.040057859 | 2.647500568 | 1.78325545 | 0.828007674 | 0.179620084 | 4.1626252 | 6.433486853 | 30.85738804
(Candidate-
7 3.445340385 | 4.800501517 | 1.225668542 | 5.668725116 | 2.964737894 | 1.634013464 | 2.653578995 | 2.020725942 | 2.162912227 | 7.841272572 | 34.41747665
(Candidate-
8 2.800183709 | 3.477120989 | 1.508835432 | 7.229415221 | 2.647500568 | 1.109053651 | 2.286190427 0 4.889650614 | 7.184070169 | 33.13202078
(Candidate-
9 3.385596458 | 4.643633635 | 0.808290377 | 6.286611288 | 1.590726728 | 0.577350269 | 3.127917568 | 4.014608099 | 0.884526332 | 7.47800873 | 32.79726948
(Candidate-
10 0 4.711844807 | 0.359240167 | 7.106899369 0 1.224744871 | 1.769052663 | 3.714042976 | 2.286190427 | 7.243152009 | 28.41516729
(Candidate-
11 0.982249874 | 2.476855832 | 2.140304967 | 7.48630849 | 3.124633312 | 2.25166605 | 1.849301948 | 2.693667318 | 5.29817501 | 7.646858469 | 35.95002127
(Candidate-
12 3.753045403 | 1.416307144 | 1.264536871 | 7.550632982 | 2.334823158 | 0.932737905 | 3.173041018 | 1.077720502 | 3.173041018 | 7.630003587 | 32.30588959

DISTANCE FROM ENIS ID-

(Candidate-
1 1.742012931 0 3.308574718 | 4.799305505 | 1.154700538 | 1.205542755 0 0.898100419 | 5.909346019 | 1.766457011 | 20.7840399
(Candidate-
2 0.372070173 | 6.12889332 | 3.308574718 | 3.661056314 | 2.456569256 | 2.53048085 0 4.014608099 | 2.974818873 | 1.902143041 | 27.34921465
(Candidate-
€] 1.966017888 | 3.366501646 | 4.130689118 | 4.00166632 | 1.334320622 | 4.336281049 | 4.667530784 | 0.898100419 | 7.100620155 | 3.687867998 35.489596
(Candidate-
4 4.13344285 | 2.081665999 0 4.931869152 | 3.216623488 | 3.709896674 | 3.902093983 | 2.369247419 | 7.30664335 | 1.077720502 | 32.72920342
(Candidate-
b 2.541831102 | 4.499423831 | 4.373493862 0 2.310683721 0 6.793136817 | 3.714042976 | 7.679024161 | 0.307920144 | 32.21955661
(Candidate-
6 2.409010862 | 2.589151155 | 3.399951585 | 3.561366779 | 1.764580646 | 3.366501646 | 6.370343454 | 3.863073043 | 6.204472036 | 0.615840287 | 34.14429149
(Candidate-
7 1.771563212 | 1.924500897 | 4.073420823 | 1.266227994 | 1.528010083 | 3.458805189 | 5.422362627 | 2.495263002 | 6.802587143 | 0.769800359 | 29.51254133
(Candidate-
8 1.648006652 | 3.570921657 | 3.602673904 | 2.933143933 | 1.764580646 | 3.883726733 | 5.208401728 | 4.014608099 | 4.289311052 0 30.9153744
(Candidate-
9 0.846804694 | 2.449489743 | 4.221466794 | 3.13102752 | 2.755465948 | 4.387102309 | 4.874005122 0 7.435706548 | 2.040424792 | 32.14149347
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(Candidate-
10 4.13344285 | 1.624921651 | 4.130689118 | 4.298061579 | 4.006188628 | 3.770057471 | 5.780900153 | 0.359240167 | 6.706842091 | 0.307920144 | 35.11826385
(Candidate-
11 3.354604967 | 4.016678193 | 2.455538797 | 4.123509832 | 1.424361817 | 3.13102752 | 5.659636162 | 1.579498279 | 5.010935914 | 0.153960072 | 30.90975155
(Candidate-
12 1.732050808 | 4.808364625 | 3.948745699 | 5.797988157 | 2.028602065 | 4.123509832 | 5.175583703 | 3.150001633 | 6.819052628 | 0.769800359 | 38.35369951
CG Rank

0.387298402 12 Candidate-1

0.494160506 8 Candidate-2

0.511900445 5 Candidate-3

0.498862656 6 Candidate-4

0.606635026 1 Candidate-5

0.525283219 4 Candidate-6

0.461638245 11 Candidate-7

0.482695265 9 Candidate-8

0.494950812 7 Candidate-9

0.552752515 2 Candidate-10

0.462307158 10 Candidate-11

0.542795394 3 Candidate-12
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