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Abstract

Purpose: Despite the profitability of credit activities, loan granting exposes banks to considerable credit risk, which, in
the event of borrowers' inability to fulfill their financial obligations, may increase non-petforming loans and threaten
banks' financial stability. Traditional credit risk assessment approaches, which mainly rely on historical financial data,
statistical models, and expert judgments, typically analyze qualitative indicators in a deterministic, simplified manner; as
a result, they do not fully account for the uncertainty, ambiguity, and subjectivity inherent in human judgment.
Accordingly, this study aims to present a structured decision-making framework for ranking and prioritizing loan
applicants that explicitly models the uncertainty existing in credit evaluation by integrating quantitative financial indicators
with qualitative expert judgments.

Methodology: Adopting a hybrid approach based on quantitative and qualitative indicators, this study employs
neutrosophic sets to manage uncertainty. In the first step, evaluation indicators were identified through prior studies and
expert opinions and classified into quantitative indicators (collateral value, credit score, loan-to-collateral ratio) and
qualitative indicators (reputation and credibility, occupational and professional status, socioeconomic position).
Subsequently, indicator weights were determined using pairwise comparisons. Quantitative data were extracted from
financial records, while qualitative data were collected using neutrosophic sets to account for uncertainty. After
converting these data into crisp values, they were incorporated into a decision mattix, and the final ranking of loan
applicants was conducted using the TOPSIS method.

Findings: The results indicate that applicants with higher financial capacity and more reliable collateral are prioritized
for receiving credit facilities. Motreover, a comparison of outputs from neutrosophic sets and those from the Likert scale
shows that the neutrosophic approach performs better at reducing uncertainty, improving data accuracy, and improving
the quality of ranking results.

Originality/Value: Unlike conventional approaches that rely on Likett scales or deterministic scoting of qualitative
indicators, the proposed framework more realistically represents uncertainty and ambiguity in the data. Furthermore, this
study demonstrates that the effective use of neutrosophic sets does not require complex neutrosophic extensions of
multi-criteria decision-making methods; instead, neutrosophic information can be converted into crisp values via a score
function and combined with the classical TOPSIS method to obtain more accurate results with lower computational
complexity. The empirical comparison with the Likert-based approach further confirms that the neutrosophic framework
enhances ranking accuracy and improves decision-making quality in credit risk management, particularly when loan
applicants exhibit closely similar characteristics.
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Figure 1- Steps of the proposed algorithm.




‘L‘UL:‘S‘:‘ u‘A.PA.&SLS‘):‘Lﬁ)ﬁ?:““‘A Lﬁ%S)SJM‘—g‘é/A\‘,S)}}wJ‘sﬂJJ

Yoy

I
ulz-:a‘ u’il'é" 6Lhu..a;-u~j Jj,fuggo o33 )‘JS Il dgj"' )L:JI;-‘ BE) ‘_}JLJUM %) CJL;;..S‘ )\ omdum LSLAUA}L& cdjl 4.\7-}4 B
k53L€" LSUAUA;-L&} u&L@.’,b-\j LSAL“’:‘;‘ C,.:x.;j.c ‘6“@}"'} J&ﬁ: Coxoy 4)[.:29\) \:)Jé:'-' ou\.\fagud\l\ &S&Le LSLAUA}L& .,\.:j.&uA

s g 4 ply Comd 5 Ol Sl addy Al oS

)'L..'}b)}.a L;Lho.)\.)t? )ﬁda ERIRLY Q@)’.‘;("«S)L.‘.:"’;])JJ f\)ﬂ ) CJLW.LLL: rl}u‘ le;’ uJﬁJ} Uua}u» Ol g Ls‘)" c().) ‘\.L"J.A BE)
e g0 dpulowe a3l A (i ) Slealde gy sl eslinal b lolgs )5 45 ngﬂzjf

e &S AS slaesls LSJ)T>)§L5L-3} LY 5)}ch.>_-; C\J};:M\ Oleolie g olael 5 JSLA slaodis 3l oS Sleesls ey > e
'J}:”@ oalaial &f&y)}f&lﬁijﬂ gh&juajo.:\)bbfjﬂ wr&g”ﬁﬂ#jr@\ejjpb sl ULALAJLS&MSC»)LAE

S s el ) oleel B 5 585 plaesls 4 olaws OlSel 5,55 55 oy
[18] S oo ks oS slrosls & QY EEN 6 3l eslinl b 1y Sdgans 55 (slaesls epslezr b e 55

_a-nar-p+1 ()

SF
2

et ) 4 B e Olilows s 5530 0 |55 (oS el (Ot Jolim 50 o5 513,5 (gWsesls 3l eslinul b B a0 53
258 o gl

23 ol b (Kb pls Gletolite olg ey ¢ Jd alo o 53 odliplon] Slislons @ 45 L o el 0 5

dallacdyge -F

.\.&ub&:l &L@J u&m ul“i:j (;315)‘]5 UKJ"&)L{""J) U:“A}}i %)Cjﬁpjﬂ C)L::)‘ )‘ AM&L\AL“’L L;Lasupu ‘d}‘ 4.l>jo)>
Q\)'_g‘ ‘g;"hj}: OK}" sz.n)‘ &ﬁ&)y ﬁjj CJLM‘;'LL: c)”’L""ﬂj(’jj 4J~>'JA).> NG wSupL: ded:sup}ww&uﬂ\s

| ol ‘JJA? BE) LaQTC’; c‘J.on @ Lhu..a;-u NSTREM ML>|-.A Lﬁupub

Ajasls G)g 9 893 -) Joux
Table 1- Type and weight of indicators.
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Table 2- Decision matrix.

aldg a plg Comnd  siluiel jlotol  ((owkeo) didy )yl Goladl Cuxdge kb Cambg  Hlosl g Wl S0l
0.500 65 100 0.580 0.725 0.770 1
0.375 60 80 0.605 0.540 0.570 2
0.600 75 500 0.770 0.815 0.700 3
0.666 65 300 0.815 0.660 0.680 4
0.222 50 90 0.465 0.395 0.465 5
0.800 80 100 0.770 0.815 0.815 6
1 90 700 0.815 0.860 0.860 7
0.400 70 50 0.620 0.700 0.770 8
0.666 72 150 0.580 0.540 0.535 9
0.400 55 50 0.700 0.620 0.430 10
0.500 68 250 0.725 0.580 0.660 11
0.750 85 200 0.815 0.860 0.860 12
0.625 63 80 0.465 0.380 0.570 13
0.571 77 350 0.570 0.535 0.570 14
0.875 9 400 0.860 0.700 0.815 15
0.500 71 200 0.770 0.620 0.605 16
0.800 82 100 0.740 0.700 0.815 17
0.600 60 50 0.780 0.815 0.570 18
0.500 58 80 0.540 0.440 0.620 19
0.681 80 220 0.700 0.660 0.725 20
0.666 65 300 0.640 0.815 0.580 21
0.571 76 70 0.780 0.860 0.815 22
1 93 50 0.770 0.815 0.860 23
0.650 70 100 0.640 0.740 0.725 24
0.555 82 90 0.680 0.770 0.770 25
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Table 3- Ranking of applicants.

Ay ol (S0P Comd Ay (Golie (S0 Coud
1 7 0.776 14 1 0.189
2 3 0.677 15 9 0.188
3 15 0.512 16 10 0.184
4 14 0.467 17 25 0.172
5 4 0.391 18 19 0.169
6 21 0.390 19 22 0.163
7 11 0.342 20 24 0.153
8 20 0.281 21 18 0.138
9 16 0.279 22 13 0.134

10 12 0.255 23 6 0.132
11 5 0.239 24 17 0.128
12 2 0.201 25 23 0.091
13 8 0.192 - - -
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Figure 2- Comparison of applicants' rankings.
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Table A-1- Quantitative and qualitative data.

aidg a ply Coms  grlael jlool  (Ganlno) dlidy b))l golaidl ComBge (Mid Cumiog Hliel g Ol (Lol
0.500 65 100 0.5,0.2,0.3 0.7,0.1,0.2 0.7,0.1,0.1 1
0.375 60 80 0.6,0.3,0.3 0.4,0.2,0.3 0.5,0.3,0.3 2
0.600 75 500 0.7,0.1,0.1 0.8,0.1,0.1 0.7,0.2,0.2 3
0.666 65 300 0.8,0.1,0.1 0.6,0.2,0.2 0.6,0.1,0.2 4
0.222 50 90 0.4,0.3,0.5 0.2,0.3,0.5 0.4,0.3,0.5 5
0.800 80 100 0.7,0.1,0.1 0.8,0.1,0.1 0.8,0.1,0.1 6
1 90 700 0.8,0.1,0.1 0.9,0.1,0.1 0.9,0.1,0.1 7
0.400 70 50 0.6,0.2,0.3 0.7,0.2,0.2 0.7,0.1,0.1 8
0.666 72 150 0.5,0.2,0.3 0.5,0.2,04 0.5,03,04 9
0.400 55 50 0.7,0.2,0.2 0.6,0.2,0.3 0.4,0.3,0.6 10
0.500 68 250 0.6,0.1,0.1 0.5,0.2,0.3 0.6,0.2,0.2 11
0.750 85 200 0.8,0.1,0.1 0.9,0.1,0.1 0.9,0.1,0.1 12
0.625 63 80 0.4,0.3,0.5 0.3,0.4,0.7 0.5,0.3,0.3 13
0.571 77 350 0.5,0.3,0.3 0.4,0.3,0.3 0.5,0.3,0.3 14
0.875 92 400 0.9,0.1,0.1 0.7,0.2,0.2 0.8,0.1,0.1 15
0.500 71 200 0.8,0.1,0.2 0.6,0.2,0.3 0.6,0.3,0.3 16
0.800 82 100 0.8,0.2,0.2 0.7,0.2,0.2 0.8,0.1,0.1 17
0.600 60 50 0.8,0.2,0.1 0.8,0.1,0.1 0.6,0.3,04 18
0.500 58 80 0.5,0.2,04 0.4,0.4,0.6 0.6,0.2,0.3 19
0.681 80 220 0.7,0.2,0.2 0.6,0.2,0.2 0.7,0.1,0.2 20
0.666 65 300 0.7,0.3,0.3 0.8,0.1,0.1 0.6,0.2,04 21
0.571 76 70 0.8,0.2,0.1 0.9,0.1,0.1 0.8,0.1,0.1 22
1 93 50 0.7,0.1,0.1  0.8,0.1,0.1 0.9,0.1, 0.1 23
0.650 70 100 0.6,0.3,0.2 0.7,0.2,0.1 0.7,0.1,0.2 24
0.555 82 90 0.6,0.1,0.2 0.8,0.1,0.2 0.8,0.1,0.2 25
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