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Abstract

Ranking candidates in Iran’s National University Entrance Exam (Konkoor) is a
critical step in the university admission process. Traditional ranking methods,
based on a linear combination of standardized scores, face limitations such as
neglecting data distribution and inter-variable correlations. This study aims to
enhance the ranking process by employing Principal Component Analysis (PCA)
for dimensionality reduction and Mahalanobis Distance for candidate ranking.
The study population consisted of 126,728 candidates from the Mathematics and
Technical Sciences group in the 2021 exam, reduced to 110,550 after eliminating
missing data. Data were preprocessed, subjected to PCA for dimensionality
reduction, and ranked using Mahalanobis Distance. Analyses were conducted
using SPSS and Python. The results indicate that the proposed method offers
greater discriminatory precision in distinguishing among candidates while
retaining critical informational variance. This enhanced approach facilitates a
more effective identification of academically superior candidates for university
admission. The findings suggest that integrating Principal Component Analysis
and the Mahalanobis Distance provides a robust and more effective
methodological framework for candidate ranking, with the potential to
significantly improve upon current admission methodologies.
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Introduction

Ranking individuals within multivariate datasets remains a persistent
challenge in educational assessment and related fields. Traditional
methods, such as linear ranking and weighted averages, have been
widely used to compare individual performance (Njoroge et al., 2014).
However, these approaches often fail to account for the influence of
correlated variables and the underlying data distribution, which can lead
to significant inaccuracies in ranking (Dorans, 2004). In Iran’s National
University Entrance Exam (Konkoor), candidate ranking is based on a
linear combination of standardized scores from general and specialized
subjects, further adjusted by academic records. Raw scores for each
subject are first calculated based on the number of correct and incorrect
responses. These raw scores are then standardized to facilitate
comparison across all candidates. The final composite score is derived
by combining these standardized scores using subject-specific weights
predetermined for each academic subgroup. Academic records
contribute an additional 5% to 30% to this composite score, depending
on the candidate's diploma type and chosen exam group (National
Organization for Educational Testing, 2021).

The standardized score, while conceptually analogous to a Euclidean
distance metric, fails to account for inter-subject correlations. This
omission renders it sensitive to outliers and the specific distribution of
the data. In contrast, advanced statistical methods such as Principal
Component Analysis (PCA) and Mahalanobis Distance incorporate the
covariance structure between variables, thereby providing a more
robust and accurate ranking framework (Holland & Wainer, 2012).
PCA reduces data dimensionality while preserving essential
information and maximizing variance (Jolliffe & Cadima, 2016),
whereas Mahalanobis Distance measures multivariate divergence from
a centroid by accounting for the inherent covariance structure (De
Maesschalck et al., 2000). These techniques have been widely applied
in educational research to evaluate student performance
multidimensionally and enhance the objectivity of decision-making
processes.

Research Questions

This study addresses the following research questions:

(1) Does the integration of Principal Component Analysis (PCA) and
Mahalanobis Distance improve the precision and differentiation of
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candidate ranking compared to the traditional method of a linear
combination of standardized scores?

(2) How effectively does this combined methodological approach
mitigate the impact of outliers and better account for inter-subject
performance correlations?

The study aims to conduct a comparative analysis using real
examination data to address these questions.

Literature Review

Principal Component Analysis (PCA) has been extensively applied in
educational research for dimensionality reduction and for identifying
latent factors underlying student performance. Njoroge et al. (2014)
demonstrated that PCA can highlight critical variables, such as English
language proficiency, that are predictive of overall academic success.
Similarly, Twenefour et al. (2015) found PCA to provide a more precise
analysis of student performance than traditional grading systems. In a
different application, Nunes et al. (2015) utilized PCA to assess
academic management efficacy within engineering programs, while
Aboagye and Mensah (2016) employed it to differentiate key
performance criteria in mathematics and statistics education. More
recently, Tsoni et al. (2021) integrated PCA with clustering techniques
to analyze behavioral patterns in distance learning, and Raj and Vidyaa
Thulasiraman (2021) used PCA as a preprocessing step to improve the
efficiency and personalization of e-learning systems.

Mahalanobis Distance is a robust multivariate metric that addresses
key limitations of traditional ranking methods by incorporating the
covariance structure of the data. De Maesschalck et al. (2000)
demonstrated its efficacy in detecting subtle group differences. Within
educational research, Giovannella et al. (2013) employed it to evaluate
the impact of Web 2.0 tools on digital learning ecosystems. Singh
(2022) and Kumar and Thakur (2019) applied the metric to rank
universities based on multidimensional performance indicators such as
graduation rates and research output. Arai et al. (2021) enhanced the
prediction of language proficiency by integrating Mahalanobis
Distance with regression modeling. More recently, Ahmed et al. (2024)
utilized it to analyze shifts in student performance patterns during the
COVID-19 pandemic.

The integration of Principal Component Analysis (PCA) and
Mahalanobis Distance offers a novel and robust approach to

Homepage: https://jem.atu.ac.ir/



Homepage: https://jem.atu.ac.ir/

4 | Educational Measurement | Vol. 17 | No. 63 | 2026

multivariate ranking. Twenefour et al. (2015) noted that PCA simplifies
data complexity and reduces multicollinearity, thereby enabling
Mahalanobis Distance to assess statistical distances more effectively
within a transformed, orthogonal space. Mehra and Agrawal (2021)
reported that this combination significantly enhances predictive
accuracy and improves the early identification of at-risk students.
However, the application of this integrated methodology to candidate
ranking in Iran’s Konkoor exam remains underexplored, a gap that
underscores the necessity and novelty of the present study.

1. Maximum Likelihood Estimation in Adaptive Testing: This method
estimates student ability independently of raw score scales, offering
high reliability in computerized adaptive testing environments (Padmaji
etal., 2015).

2. Peer-Based Ranking: This approach involves students evaluating
their peers' work, which fosters critical thinking and reduces the
instructor's grading burden. Algorithms such as Hyperlink-Induced
Topic Search (HITS) ensure fairness by weighting evaluations based on
the credibility of the evaluator (Overveld & Verhoeff, 2013).

3. Stochastic Gradient Descent for Large-Scale Educational Data: This
technique efficiently manages sparse, high-dimensional educational
data. It is often employed with Tikhonov regularization to prevent
model overfitting and to optimize pairwise ranking loss functions (Tas,
2022).

4. Human-Centered Al for Interactive Learner Profiles: Al-driven
analysis of student response data is used to generate dynamic,
interactive learner profiles. These profiles facilitate targeted
educational interventions and personalized learning pathways (Guo et
al., 2024).

5. Extended Multi-Attribute Ranking: This methodology evaluates
students holistically based on both theoretical knowledge and practical
skills. It employs multi-attribute utility functions to generate a balanced
and comprehensive assessment (Borissova & Keremedchiev, 2019).

6. Ranking in Iran’s National Entrance Exam (Konkoor): Raw scores
are calculated from the number of correct and incorrect responses.
These scores are then standardized to ensure comparability across all
examinees. The final ranking score is a composite derived from
combining these standardized scores with a percentage drawn from the
student's academic records. Candidates are ranked within their specific
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academic subgroup, with subject weights predetermined by discipline
(National Organization for Educational Testing, 2021).

7. Mahalanobis Distance in Ranking Systems: Unlike Euclidean
distance, Mahalanobis Distance incorporates the covariance structure
of the data, providing a robust statistical metric for analyzing correlated
variables within complex datasets. Its applications include ranking
MBA candidates based on multidimensional profiles (Ketkar & Vaidya,
2014) and detecting anomalies in academic performance patterns (Lim
& Lanckriet, 2014).

Advantages of Mahalanobis Distance: This metric provides a robust
statistical framework that accounts for inter-variable correlations. It
demonstrates resilience to outliers, particularly when enhanced with
shrinkage estimators, and maintains computational efficiency even with
large-scale datasets (Cheng et al., 2022; Behrendt et al., 2024).
Challenges: Its efficacy is contingent upon a precise analysis of data
variability and covariance structures. A key limitation is its underlying
assumption of multivariate normality, a condition that is often violated
in real-world educational data (Lim & Lanckriet, 2014).

Methodology

This descriptive-analytical study utilized data from 126,728 candidates
in the Mathematics and Technical Sciences discipline of the 2021
National University Entrance Exam. After the removal of cases with
missing data, the final analytical sample consisted of 110,550
candidates. The dataset comprised standardized scores from seven
subjects—Persian Language, Arabic Language, Islamic Studies,
Foreign Language, Mathematics, Physics, and Chemistry—as well as
each candidate's high school diploma academic records. All data were
sourced from the National Organization for Educational Testing.

Analysis Method

Principal Component Analysis (PCA) with Promax rotation was
employed to reduce data dimensionality, transforming the original
standardized scores and academic records into two principal
components that preserved the maximum variance. Promax rotation
was selected to allow for potential correlations among components,
thereby enhancing the interpretability of the resulting factor structure
(Adachi, 2004). The component scores were summed for each
candidate, with the highest aggregate score identifying the top-
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performing individual. The Mahalanobis Distance from this top
performer was then calculated within the two-dimensional component
space, incorporating the covariance matrix to account for the underlying
data structure. Candidates were ranked based on these distances, with
shorter distances corresponding to higher ranks. All analyses were
performed using SPSS (version 21) and Python (version 3.9.7). The
proposed ranking method was subsequently compared against the
traditional linear combination approach using several metrics, including
rank correlation coefficients, the magnitude of rank changes, and the
frequency of tied ranks.

Traditional Ranking in Iran’s Exam
Raw scores are calculated as:

3Number of Correct Answers — Number of Incorrect Answers
Raw Score = - x 100
3Total Questions

Raw scores are converted to normalized scores through a three-step
process:
1. The relative frequency distribution of the raw scores is
calculated.
2. The percentile rank of each raw score is determined based on its
relative frequency and the cumulative distribution of scores.
3. The standardized (Z) score is derived by applying the inverse
cumulative distribution function (quantile function) of the
standard normal distribution to the percentile rank.

01 fe—wz

®P(z) = 100 ~ Voo 2 dw

Where:

e ®(z): The cumulative distribution function of the standard

normal distribution.

e ®: The integration variable, ranging from —o to z.

« Q(y): The percentile rank of the score.
Finally, the normalized scores are converted to standardized test scores
with a mean of 5000 and a standard deviation of 2500 using the
following formula:
sc=o(sc)z+u(sc)
Where:

e scscsc: The standardized score.

e o(sc): The standard deviation of the standardized scores (2500).
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e u(sc): The mean of the standardized scores (5000).
e Z: The standard normal score corresponding to the percentile
rank.
The candidate's total score is calculated as a weighted linear
combination of standardized scores from both general and specialized
subjects. The weights are determined by the officially prescribed
coefficients for the candidate's respective academic subgroup (National
Organization for Educational Testing, 2021).
Proposed Method
PCA with Promax rotation extracted two components, preserving
83.56% of variance. Mahalanobis Distance was calculated as:
Dy =+ (x— TS 1(x—p)

where X is the observation vector, p is the mean vector, and S is the
covariance matrix. This approach reduced computational complexity
and improved ranking precision by focusing on maximum performance
rather than mean-based metrics (Yin, 2023).

Results

Data analysis was conducted on a sample of 110,550 candidates from
the 2021 Mathematics and Technical Sciences discipline. The Kaiser-
Meyer-Olkin (KMO) measure yielded a value of 0.916, indicating
superb sampling adequacy for factor analysis. Bartlett’s test of
sphericity was significant (¥2(28) = 323,561.658, p <.001), confirming
that the correlations between variables were sufficiently strong for the
analysis. Principal Component Analysis (PCA) extracted two
components, which collectively explained 83.56% of the total variance
(Component 1: 62.84%; Component 2: 20.72%). Following Promax
rotation, these components were interpreted and labeled as “General
Skills and Basic Sciences” and “Mathematical and Computational
Abilities.”

The candidate with the highest sum of component scores was
selected as the multivariate reference point. Mahalanobis distances
from this ideal candidate were calculated for all other individuals, and
final rankings were assigned based on proximity to this benchmark
(shorter distances indicating higher ranks). The Spearman’s rank-order
correlation between the proposed Mahalanobis-based ranking and the
traditional linear method was p = 0.93, indicating a high degree of
agreement between the two systems.
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Convergent validity was assessed by examining correlations with
key concurrent and predictive criteria. The proposed method
demonstrated stronger correlations with  concurrent criteria
(Mathematics score: 0.838; Physics score: 0.756) and a predictive
criterion (high school diploma GPA: 0.335) than the traditional method
(Mathematics: 0.753; Physics: 0.682; GPA: 0.236).

The overlap between the two methods was 90.22% for the top 10%
of candidates and 70.58% for the bottom 10%, suggesting that the
proposed method provides better differentiation, particularly among
lower-performing individuals. The mean rank change between methods
was 10,012.43 (SD = 8,647.66), with a maximum change of 70,472 and
a minimum of zero. A key finding was the significantly reduced
frequency of tied ranks in the proposed method (145 ties) compared to
the traditional method (101,863 ties), demonstrating its superior ability
to differentiate between candidates (Siegel & Castellan, 1988).
Furthermore, after the removal of outliers, the correlation between the
two methods decreased from 0.9343 to 0.8609. In contrast, the internal
consistency (intra-method correlation) of the proposed method
remained perfect (1.0000), confirming its robustness against extreme
values.

Discussion and Conclusion
Accurate candidate ranking in large-scale examinations such as Iran’s
Konkoor is critical for ensuring equitable university admissions.
Traditional methods, which rely on a linear combination of
standardized scores, are fundamentally limited by their inability to
account for inter-subject correlations and their sensitivity to outliers
(Dorans, 2004). This study demonstrates that integrating Principal
Component Analysis (PCA) with Promax rotation and Mahalanobis
Distance creates a robust framework that significantly enhances ranking
precision and differentiation. The high Spearman’s rank correlation (p
= 0.93) with the traditional method confirms strong overall
compatibility. However, the substantial reduction in tied ranks (145
versus 101,863) and the markedly stronger correlations with key
subjects (Mathematics: +11.3%; Physics: +10.8%) underscore the
superior discriminatory power and performance of the proposed
methodology.

The proposed method mitigates outlier impact by leveraging
covariance structures. The post-outlier removal correlation drop of
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7.8% indicates its differential handling of extreme values. PCA’s
dimensionality reduction preserved 83.56% of variance, ensuring
robust data representation (Jolliffe & Cadima, 2016). These findings
align with prior studies (Twenefour et al., 2015; De Maesschalck et al.,
2000) and confirm ability of the method to enhance fairness and
precision in candidate ranking.

Acknowledgments
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Homepage: https://jem.atu.ac.ir/



YA-Y A Fe0 Y o led (VW oey9d

VEE/ /Y8 1 K5k g yB N F /YA el s b

ISSN: 2252-004x

elSSN: 2470-6240

i g5 e sl &y

Y

Y

L) g6 O FE/\ /YT

\fea/eN/e 8

-;—l’/ A e - Z 0 .
089 ;._” .;..Jll e P LgﬁSoJ'n.bl
A S https://jem.atu.ac.ir/
B sy 3 0okl b (S gl g 99031 OLU 9IS (SUAS 3 dwslio
oYl dold o ol Gbadae Jow w9y b Gy Ol g
sl Ol 0L O oKy (oS oslul 5 o a2dy o (g pmtils oyl Lo 40
mahsima.arbabil23@gmail.com
9 wlz.idb) e ‘Lfin)}ﬁT a5 Lﬁu’ijj o}f Arl.o.}' Sl Adj.ﬁmﬂ olluw o

* .
Z ‘-\?' |l
khodaie@ut.ac.ir :asbbl, .0l sl Oles Ol o&tils ¢ 0 5 pske @ A

b@:’.}l} 4@‘::]: r}Lﬁ) LS-NL-.-NL}‘}J 0aSisls 4L5.~J}AT6LAMLJ)} Lﬁsu,fajj 53)? ‘)L::Jb
keyvansalehi@ut.ac.ir :asbll, .01 ! 01,5 Ol 5

e 0158

é.'\nS?'

Sl iy el AN 5y T3 53 Gl Joml e 51 S (6 el o 0 905T Ol (sbuasd
QoS 4 pde B glalissdon Ll J5 Dl (e S el & s,y (S
oo 31 estnasy duT 3 Gl Coa b i ol dimes axlge b die Ol Sad 5 Laosls
03 5 0 g OUL 515 45y s (511 e ¥ alo alols 1 5 Laosls sbal 2alS” (g1, (PCA) Lol slaail 3o
5ol r}x;@u_uﬂ,,,;)w,wlﬂ 05037 OUL 513 VYA N YF fals andllas ol (6 5LeT ansler .ol
M a3y g0 (glaosls slims cls e 53 0died (glaesls Cdo I ey 45 59 VFe e Lo 3 b
sosls dm ialS ol claadd jo fdoed 5 eslinal bc 5505 5 i 51 ey Waesls L 3L 2alST 55 50 00+
o3litl O gy 5 SPSS (sla )l 3le i 5l aesls fulowi (s ik (G ) oo 5V ale kol g5 b s
O 513 &S5 55 6 YL 85 e gtiw oy b lin 3 (3lgiy ) oS 315 OLES 2 el ks
@U}aTdﬁI: G @l ae campn g 3,0 1y A Sl L SUls 5l Hla,
45555 Sl e ool (Samals 5 L5 3 (65U mlaw 55 pmat il i3l a5 A8 ol b
5ol Sad e Jow il &8l OT JI (ST baal cplodipls Jlo 35 90T Solaans 3o 5 Laol&iils
Sevsin§ 3 n3 611 (6l 050 5T QUL 51 (645 (612 555 50 (63 8055 W15 oo oo Y Lale Aol
D5k S5S S b s

(o kte o (S 5 (ool Glaadl o o 15 e o S 5 (5l e 0351 1031 9uS
s Ylals dols

Q}a)T Ol 5ls (guuas ) awslas .(VF20) .(_)‘}:5 L‘\_?JLJ 9 gv.:.hl_,ﬂ (el o 4o ¢ HL)) o Q‘l‘ 4 Slsw!
aolilas . o SV ALe Aol 5 Lol laadlge oo iay L Sl Ol s OS5 ) eslimal b (gl
https://doi.org/10.22054/jem.2025.85317.3608 Y4-\ «(F¥NY ¢z 7 (5,5 o It

Sl wle oKesls Y415 ©

S wdle oKl : pil



https://doi.org/10.22054/jem.2025.85317.3608

Homepage: https://jem.atu.ac.ir/

\ I &\)\i@jd\g)‘l...jgs)m\)wa}ﬁ)"\-&u.‘ﬁj\:gs-\q@’)wﬁn

VRV
2l s 25T 05 53 SIS sl il 51 (SG o)l a0 puitekiz (glaosls 55 (el
sl (11 guly 3 S5, Olseay S35 SOle 5 (st (v s ol 03 g Laate
588 0l dhex 1 ola gulS s gy cpl ki & e )5 eslinulsy e 5131 5 Shee
Njoroge et ) ai,ls bs ke o  Steen 55 Jbai o pde 5 ly (sl ize 5T
Oy 5w zen gadie sl OUL 5l (s ) ¢ daas a0y 50T 5 .(al., 2014
(Dorans, 2004) » & s plit SLLL 51 bl awslie

S 5 el OUbgls a3, 5 S0 el alons (5SS Ol 6 el 0537 2
nd x5 by b el ol 5d o plandl (e Gilse 5 0l Sl Ol e
37 O 513 Ols duuglin OSGl bl (12 g 5 olibsasloms Ll 5 e (Slaeuly
Gl b ol 5 o sas 33 0kl 15 Dl i oS 5 5 05a5T IS 0 el 55 0
ol Bl (Sl gadin Sy 53 she gl pml 05 8 05 Glp edkbma
505057 Sl jas Ol 3 SKan i oy 2h 5 o Blowd S 6 i dloes 53 Clbsls
) Wilgns psde CF ple o Olgea hasd Gl Gl oSS
Sy 53 ks Gl s oddambue 4Bl Hiba 05 05 55 Ol
D e sinlosT s & 5 odos ¢ 5 4wt oo g 213,80 513 280
OFee 588 55aeT ot Olojle) ol it A¥0

oo 4y ald o phe 55l e 53 ST Gt Ls & O ey 0k 31 5 0
bin bl 1y aeglie 53,8 a3 5 53 15 sy Olon (Stea 1535 63,1 skl
Sy s YL S s L Ol sl 5y gauasy e g, das e (al>u| Sylitead
588 0l 4 Ol 5 o s gdons ol dhes 51l drlgo o5 sudos b ¢ o sas
slosls 5l sbs 6y 5l 5 Ol e o8 4 Sowla (90> 2 oo le L
5 ol sad so o le S i LT sla sy ¢ Jilae 53 .58 o il esbisl ) g
b 6558 Gasy Ol okt oy (Sanen (5,5 55 55 b e 5V lale ol
.(Holland & Wainer, 2012) 15" rﬁ\jé

33 Olgea e sVlale dools 5 Lol glaadl 3o Jdou oy gios oyl 8) Sy
cho! Glaad o oo ss o § ) 4 8 seT Slids 55 i y5 LT Ll



Vo | SY oyl | VY oyss | a3 @ Soyll | Y

(Ol sdas i Lads ad 2aS slal b oLas 4o pate i (glaesls slal 2alSL
%3 g s 31 Jolliffe & Cadima, 2016) AS" o Juges 1) odomy (Sloosls o
A5 LSl o panekir glab 5o ol it gl (ol (e 5 YL sl
De) uS s s 1) 5 I i K alols cbaosls uibolgsS lslu o 8
3 8es SUisl Gl Sisel e 53 eSS s opl (Maesschalck et al., 2000
30 68 s AT s 5 3 Shee SN Glals (Ol5saT
S a ST 50T gla o oS 5 B (gl 4 5 Lls (gles 2E
5 a0 Lol el 3 )8 ar ST sl 0g3T OUbgls (basy (i s
35 55 gy gdoes codlidl 9o L;ho:l:@@.:ww)uu})sa{:wo:é; o st
L 2l a (e sVlale Aol 5 Lol slaad 3o s (Dorans, 2004) 5,15 Silas
53 180T )8 Ll ctins o Sl a ol ol by (81 0 gyl oS 5 )
Dgh oo Colds g 95 L ol iash coplil ol sl pw) p 2eS Ol 5SS
S b awslie 53 e sVlale Aol 5 ol srad 5o Julows S5 5 s 2, LT O
Ll 03031 OUbgls (diasy 3 plas 5 Sd5 Gl Sl e ot oS 5
53 1 osldly s slaesls 5T Wlg o Lha) 93 ol oS 5 4,5 (Y Slidu o 54
ol O U8 0Ll e 1) 5 Sles  Stimes slajlle 5 osls alS gduas,
Sl D931 Glmosls ot 5 iodas awslin G b 5 SV ol 4 gy candllas

sl

st R
iseT Sladllae s claosls sbul el 3 S (o5l Ol sieay Lol slaad 3o o
OLSen s NJOrOge .ol iy 515" & (uvasy 55, Shas » 3o (sla ite g lulid gl
el 0L oys Aile gla skte L1 5 oo oo (slaail Jo ko 8 disls 0L (2014)
Glaosls (gilueste b ¢ gy pl S dtar oo Cudb e Jool e Olgiea |y
O, 5 Twenefour < 4 5 33l oo ST 1) 6,8 5L Ol sla,lisle ooy
Jeos 5o Sk L5 (ddme (e (830 e (i St b awylis > (2015)
231y ol Gadlse Lo 5,87 (2015) 01, en 5 NUNeS .das o 41y 5 Shes
03,5 Al sl Sl b b slaads glebs glp (ST Sy ke

Homepage: https://jem.atu.ac.ir/



Homepage: https://jem.atu.ac.ir/

W 01Ken 5 byl | s ol 05037 Ol 1> Sy 44y ey s

33 5 Skes gbylas L gl 0T 51 (2016) Aboagye and Mensah o5 Jl- s
Jaloss S5 L (2021) 01, Ken 5 TSONT ¢ pimmass .5 5 0,40 5T 5 (Bby 555eT
3 5saT 5315 005 5T Sl 6585 (sla S syt o (a5 ol (slaadl o
Raj and Vidyaathulasiraman ¢ S5 531 5,850 o) s 53 . 85,8 oy 593 ol
Sl Olgea ol slaadl 3o o o7 s> Ol (2023) ol 8 s Majid 5 (2021)
el cpll das o il 1) 5 Slas s i S5 5 6,8 5b (50 ¢S5 b
s ol 5 das o A e b Oy |y b ite o (Soeren ) ]
S i 5,8 03100 lae  gboas |y Laosls

o iiadior §Ld 53 ()bl ool i 53 (6 8 S )lian Ol 5oty ¢ o 5 Yol s
De .l ol 3 yme s (uiad) fw Gl bs) sblassdow s ol
Stle 38 L ys L gy cpl 457 Lsls Olas (2000) o, Kes 5 Maesschalck
03 03 S a3 ) Loy § Ole Cn b ol glolis Ol uib,ls S
Web gla,lpl 36 Jdow 531, 0T 5., (2013) o ,5es 5 Giovannella ¢ s j 5T
Kumar and Thakur 5 (2022) Singh «" Jl> 3 cis S dob Jlaws 5,854 2.0
F5 O el bl ey s, s 0T oL I (2019)
Raj and Vidyaathulasiraman ¢ imes isls 55185 oode A5 5 Joamdlf )6
ol e S S 6,85k sl Ilab (g ludng 53 Shgy ol S disls 0Lis (2021)
ot 83 W i e £y 5 e Voo alols S5 1, (2021) 0o, 1SCen 5 Avrai
o) 31(2024) o), en s Amed ¢ st Sladllas 53 didiide 5 5 |y (550 TOL) Ol o3
S aen Olys3 53 O gl 2ils 3 Shae o guomal S it 5LET ol i)
33 o= olazl ol e Lo 551, 0T (2023) AdhiKari 5 s s o g V4= 555
03,5 Blod 53 Uy @ a5 by ol (288 S 4 (sl (b0l
3o g 5583 G5 ) TS (515 el ize Koo

35 il 3l 6l s 63,5555 e s Yale aAlols 5 Lol (claad jo Lo S 5
ol Slaadd o o ¢ gy ol 5o A e w11 55 e T slaesly flow 5 (guuady 5o
Sl 38 55 5 b e sVlale Alol a5 s o 288 1) Laosls slal Izl
Twenefour ..S™ s aculoes (6 iy S35 L bl 2alS” (glad 5 1, Juol g ¢ il iy S



Vo | SY oyl | WY ayss | e @ Sesll | 1§

cad ! C\f Olgea ool glaad 3o Jdow Sl aslizal &7 Wsls olis (2015) ol Kes 5
GolT G slis b das o Ol oo 5V ale ahsls @y 5 0305 2alS 1y baosls oy
L5551 (2021) Mehra and Agrawal ¢ piomas S o35l 65 530 sba |y
S clido o g 1y hean 3 Shos ot ladde S5 g6 oS 5 opl S
GS o bes Sy pl kS o oo 1y (Jonams S5 o me 53 O3 5aT tils olulis
353 it 5 ol baadl g i Lo 3 slal LA — i, 55 8 Db bl
T 55 o itk slaosls o 61y LTS (615 — s 5V ale o g5 fuol 58
@ S5 53 s p3s g0 ST 53 (oS 5 s o) 30 Wl 5T o o2l A
AS o a1y ol Eags Doy, &S Sl

sl Gl gl s suas s sla s i b e

Sy s T slapla ol OS5I (SS 0l5saT sl 5 OUbsls (sdues,
S5 65 Sle idu (nl 53 3 5h om planil (2 550 (Sla s ) 41 4T ol 2K
8 B s s 5 e 513 S5 e 3l (v 5 il

‘u.iL‘.;;.»J;J':f\b 3597 13 :JWTLQLAO}A)'T‘)J ey jSla STIA
st 53 sm 53 S ol Dl a4y (Kol 05 015 5T 51 (sla g Ul5 rmini
BRI WS PO da,u S o053 T 55 0 9a Joay opl s e &yl pT (gla
@i 4 )ls oYU bl sb e 25575 rer 3 Shas el 2 5 0l e iy
L bl &8s bl Gladds 5,05 L3 sy opl «(2015) 01, Ken s Padmaji
e S

o L A BT 05 5T 505 ¢ oy ol 55 0kkan e suad; Y
s S 0 $SGST L5 50T 287 (8 5L Al 5 i) S 58 4 oS S
Sl HITS (S50 5 ol o s)) S e Obbes vad; L8 jles
st Sleel 5 5aeT mls LIS ClS S b 5,8 e i s 1 Obb ) (Sewls
(Overveld and Verhoeff, 2013) uas s 41)] aslor (siaeim cOLlnen

1. Maximum Likelihood Estimation
2. Hyperlink-Induced Topic Search

Homepage: https://jem.atu.ac.ir/



Homepage: https://jem.atu.ac.ir/

10 | 01,800 5 byl | eens 6ol s 05837 Ol 1> Sy 4y ey s

Fs5 0usl S r;wisl irbincS yp GisesT 4 Solas Jap 0Lal S ¥
oo b iy ol 3y O 4 bS5 a0 sa5T 53 suads; | dlas
Filncte 3 S sl sl S ilepkiie I a5 0S| slaosl
A or Sl iy elde el (55 uas ) DL (g5leaig 53 5 AS e 03l
(Tas, 2022)

D 5eOll (o sian 30 3 S5 i Jals Sla By 5 ) sealldl 8 sime 2 g0 F
ol ST e sl el (s Jsog s (Ol gaT 51 lagnls 5 T 3 gbaesls Jlos b
5T s DGl 3 Shas 50 Jolso 5 ol sl S plolis b s L6
(Guoetal., 2024) 15" . V.atjs [y Ladda

(gt o Wl Sl eslial b ST ) sk Gbad ) bann g ST D
4 23055 LA o 2Ll Jes Glac,lge 5 sk Els bl 1y 015 seT 2l
33 28 laaia) 53 g das o b)) malar 5 ol (ot 195 ol caliee glaslne
.(Borissova et al., 2019) Cul AeT 8" )15 Col s

Sl 0337 53 OUbsls (e s JT 301 ol (6 el o 0505T 5o s #
ol s 4 5 355 o0 ST gl Dl e aalons 51487 ol i Jol o Jold 0!
Slagealy 3ldad alal yy s> g ad sl o i ikl 1338 o o Cilibee (slaos S 5 5
Ol 4¥sle s lie 31 Ol sy ...\.Jdﬂ C,.w.)A.:w).BJAQy‘}w Jf_g .lalbccz..p
Salize LOT 53 SV (551585 el ol S &7 (Calien gladle )3 OLlbgls
o Sl bkl DU 5ls ST Sl e SasT g S0k 3 eslimal b Ol e pl il
a3 1y wliais dulis Ol (sl (g e Sl jed 0357 515 4 a8 T3 cpl sl
A

303 ok 515 e B 5 5 53 b0s 5 55 a5 lbsls JS o e e ¢85
Sl bl 058 55 0T 53 ps p ol Saljs 5 (olastl 5 (ases
Lo Dl 5 05057 bl S5 L ojad ol cdigls e Bilsw 87 SUSI
o yos Ol 5o Jllie o VL 5358 n et (oS 5 b A I &) ) AN iy
5dbgls IS 0 ms ol 505 8 05 a3 suady «Ilgs 33 8 e sl ol

1. Stochastic Gradient Descent



Vo | SY oyl | WV ayss | ae i @ Sejll | Vs

) OVF e pa8 55T towin Olejle) 558 on planil 03 8 55 Oles 53 13 sl
S Poams Blgw 5l das o ojlart G 13 4 3515 (5l (slade )5 4ty 457 ¢ b,
o B S 0 903T 55 Ol Shes L ¢l s e 50 oy gom 3 Ll el 0,40 355

S4T 5 S ptacs 53 o Yol dlsls

5 a6 Al otz o 53 (5T (olae Ol gieds s s¥lale absls
(53,5055 5 S o aaloma ba iin Oln il yls 58 el 8.8 5 55 b1 w5 S e
(o il alols M as o 11wt dlols dSle i gla gy 4 S plaze
Seen 03,5 Blod b gy ol il W ilisls 5 Fitewe Lo ke A" o 53
(Roszkowska, 2024) 53lu s - Ses |y odiaes Lol gy b m8ls (slaesls o cls

33 el Bl (glos 28 3 )8 5507 Calidee (glaain] 53 e sVlale dhsli
MBA Ol 51 (suas s sl slme cnl 51 (S i Vlale 35 dile (o Lt
alae 533 Shes ( leass Ol jai ol 68t lajlne &7 gl (ol 0kd o3izl
23 oeemen (Ketkar and Vaidya, 2014) 1555 o ob 5,0 YU S35 L (glad > Gl g
Wl gl b sla S glulid gl ray opl Ol T 8l lass 5 Shes o
o piakiz sl S5y wlal , Calibes Glaog 5 <SKSE 5 (Ol jai 5 03Bl 55 bl
&y OT 51 S5  555eT 55 (Lim and Lanckriet, 2014) &l a, LIS
S jaseis 4 4 edboslizul (5 83k 41, o 5 S 5 Sla gt 5latigs
i ol&iils unas, s (Behrendt et al., 2024) uS" o ¢SS~ 0l 50T t5ls ols
s 285 ol 5 5 amillf 6 &5 5l o L 8.5 53 L jlne )
(Chengetal., 2022) cul osls il 5301,

wsi¥lo dold 5150

S o b s das o 1)) 55 50T (GuaT) 53 st 5 BB bl S
S Coalad ot 5l Soan ke (51 1 Somtn sl ¢ il 1558 e L )
S eslizal pys (Cheng et al., 2022) disy o B51 15 oLl 5 Cds 5 AS

o.}t.ébj.’ .bl:b J"‘Jf BL ‘) QT C,.»jlfu CLJI!L::D\ ‘SLQ;JJ}TJ; Ll “5}; ‘SLﬁJfJ)jTJJ.

1. MTS

Homepage: https://jem.atu.ac.ir/



Homepage: https://jem.atu.ac.ir/

\v I O\)\i«h}d\g)‘ I e d & ol G}A}TC}W}\: Gk 4y A Lo

Lim and ) tise o 350 o3l b o S olalis 55 1) o) 5 das o il
2 6L s (il Bl Aol e gla Sy L anslie ) p s .(Lanckriet, 2014
(Lietal, 2015) Wlaran b jime &S Lol 5 55 0% 94 03,05 o )lmadki LSJ;M
25 Sl LT 85 slaesls assame 15 Glp Slebe 551 sl
3,05 gslbe 5 Shes (b sl ys obeal jesis Wik S sla s
ladis) 53 eslizal 0! 0T (VU (g » b slanil (s lgs > .(Behrendt et al., 2024)
OT prod b 5 03,87 a3 15 ¢ (85507 (ot b (S350 (5015 2 2 55 51 e 520
LS o bl

sVl dol sl il

b sy onloyls ol pen 4 sla e e sYlaLe alols (6 5luesly blje ol s b
ru\.ﬁ lf. @):U s_.)Bd.;‘ ‘J‘.’.j CC,.M‘ 4.".“.:‘_9 Lh)l:.&d L;:.;.} g_fl}a.".’\) Laosls C}J d:.;b wor
S 4wy (Lim and Lanckriet, 2014) uS Canss 1) 3 Shes Ll5 o (g jloaig
csw5¢M|A,T)\féur_u_uislwjygjkdum@w,;}gﬁ@pw
B o,@'ﬁ.‘.’g— Q)ﬁ JLAJ; uﬁfe c&‘,:a)j& 'XS‘-’JLL;@‘"}:J"G L;L.wbu cL.a |
MJJ‘}J:SE'C,:J‘)@b&l}ﬁ@gcﬁb)‘ﬁf@\ug.@a‘_g&)}»"-éhab\bfj
(ol (6970 Ol Sl 5 (oI (oS 62 G35 (SSlwtingr 5 polr (i lne!
e leﬂﬁ.lioi‘.alj Wosls S Lol 5 55 0% 94

XD
03,5 Ol gls sl Jols 0T (o leT anels 5 ol Momim o 55 53 sk o)
YYZ VYA Sldws 4 VF de(_sfﬂ‘fﬂC)jﬁjT)JOwdﬁ&j‘f’i\i)r}b‘s&iuj.‘-
ol s S (eds 31 5) oddsylllinl O ol Jold eslituls )y go glaosls .ol &
O3 Dl O jlen 5 6Kin b g0 0L ¢ sl Dlusl 5 O3 imy 68l o 03037
NSl Ol (s (e Gl ol b 4 (a5 0650 58 (DLSL
Ld | el 58S 55 aaT i Olajle Lo 5 08l ¢ Bl 0313 4 gazme
o o LB slad sas 31 s skt 55 0diaS (glaesls Cod 5 S35 5 b 3 e
S El 58l g besls 055 JulS I Oleabl  ghateay Cod ol 3L 2alST i VY b0

NEJR U



Vo | SY ol | WY ayss | i @ Soyll | VA

Sy 9 Il 95

b eslial oSy i b ol slaadl e Jdos 51Ol (sas; sl
S Gl 5 a3 0 15 Dl s ¢ gy cal il RS 0 pita i (glaesls sl
u:.:’-ﬁ..L'.'Sda.}é_i:-\)L;uul:w.ili)\jcﬁ_,:iﬁa\f:;‘}i.x;w\4.&55»3:4{\)(,.1#:
Jlast loadd 30 Olon Jlazot Stacas 0357 15 53 5 (6 oy e 350 ola b oS
G B Ld ez 0T yslie ccdbsls o sl adlie 53 oal 2l sl 51 3 S
e Ol 0w laadl s ¢ same S olbsls AT Cas 4 (oS 5 el
Seailse 95 a5 5 s Sles odasolis Sl ol |5 cdd Ol 3 3

ol o5 (g slad 53 5 s ol G Clbgls a e gVl dlols (e
Aol claad g Ol il sly S 5l la 03,87 Llod b lins (. dlons bnadl o Lo 5
Jelss ol ool 5 o6 suads 3,8 e 1 (Clbsls 0 1) o o a1 8
ol ST 5 cady 5V 5 p 38 5l Aol oy Seb S oS (sl S s plnl
B 55 & S (65355 S8 T b ool als polamsl s 4 1y 485 0 5oy
54l 0L 9 YY) 45 SPSS )\J'é\pj 3 eslaal b aesls flsw 5 7 VA‘JS ==
s i o (6 pdilanil 5 Slloe 33 B il WAV e O3k
Nl oo b Gl Slas (o S 5 4l ) (e suady s ealens
g lin clag 3L 31aT 5 cad) Dl claad ) (Stnes a1 ¢ ilinn (glaslan 32 b
Sad bl ey aCEs g LS LAl

Ol (S il yw O30T 93 Sk

A o ki 51 OUb I 435 5 ST 0 el aloee AT 8 Ol pl (gl 05057 )3
3 tshea Gl g ST s 515 Ol (bt Ol el e ol 4T ol 0s S5
25 ds0 3 el s pp pl o e ol Calibes (5laos 5 53 (slbad s alg )
1355 o0 dloms
YT-G

s

X\h.

QT L 45

(e ‘gh'cwl.; Mas T
Lle 5&@\;_. Muxs G .

Homepage: https://jem.atu.ac.ir/



Homepage: https://jem.atu.ac.ir/

VA 01,80 5 bl | eens ol s 05037 Ol 1> Sy 4y ey s

o JNJJJAQY“EMJ;J‘MS ®
AT 3 ol 53 g oo 517 e 3 0 o3 Jla 5 el D s skl b o
@}}5}‘“&‘“”&‘(}’(\?&‘--‘}*';'@WWC"FW@U‘}@J}:°M(€J>
cfyr‘f)a.bbjfww’o,dﬁdM)JQJLQ\JJM’GJjJW@b\}
JL;.J;dw,aG;;@uw;u&,bjm.uwwéw,;g)pjzu;ﬂ;)mwoﬁs

~ Z Y
dD(z):Q(Y):; fe%dw
Voo YT -0
:OT‘)J ny
31kl Jlo 5 (oS5 A6 D (2) .
Z b —ooauls b ¢ ,5J S5l i w .

ol (ko 53 G4 o0l Q(y)®
b Sl 05057 515 Dl i 4 25 ge 8 5 ealizad Lo e (slae o3 s lgiso
g g s YO+ skl Ol il 500 L
sc = a(sc)z + u(sc)
ez g 55 5 0 505T JS 0 i dpslone
9 P g pses gy odd 15 Ol ad Jl S 5 bl Clbgls ST e el
o 5y Gl o S 5 A 53 S 6 e g or dlona laos 84 ab g e sl b

:J‘}i“sﬁ
n
N= Z(NiXZi)
i=\

0T ys oS
d 3ol 5l 5o w5 N®
ol b0 S 15 03 o3 OT o 570
e SN el S0 e citeen o 3l g Jlasl U san 87 LB 51 51
W SIS
03051 0 pas bl Lodd A



Vo | S oyl | WY oyss | i @ Soyll | Y

3 (oans Gal gt 03057 0 j0d ol Y
ARt Jaam g+ 03037 00 bl ¥
AR o 5 s (e Bl g+ 03057 605 el ¥
o Pl bl ol S e Olsiee oy 5 a0 5YL G2yl
-3 g
L0955 5 19 Skt
0T s polamstl ug)ys col b & Sl 03 5 5t glyls iulesT 05 5 o
33 oy Sl 5 ol 4 10 [ sbaios 8 5 a5 Clbsls ady ol S glize
ol o Gb 0s 8 05 2 03 s o B 0,8 e S SRS e,
238 ala 50,8 55 pa 55 Clbgls IS 0 jad lul s olg suad s 5 edd jaseia
Ve 528 25 5aT omin Olejla) 35 g planil 03,5 5 Olea
5wy LT Gladde wly p Olnl 05031 53 455 5 0 i dralone 0 o
OUb sl 4 hoaoss Gl e ST 3 58 o plal o 5 (550 5T Dol S 5
(L g dne g OT (U150 51 eVL oo Ol jad 215 Oy geo 534S s o 15 Ol
.>}$6AA:éjfjlé.;);()}aj\'aﬂ.l:j.écdi:ﬁﬂj;lsa)yjaﬁxfujbjs
Solgtay o9
Ses s A b el Glaadl e Lo
3 Sl 05057 o puitedi 5 oy (slaosls slal 2alS (gl ¢ Eag cpl 5o
b sl sl5 457 e il g 58 o lo dasloma U 555 ol ool o3lial ool (glaadl 3o Judows
Laosls (0T o35 5lutie 4 j2nd 5 S o (58 310 1 Lo it Do oot (sla San 5
Dienetal.,) Las o b 5 1) ilioly op 2l & 5,87 Jos Aol glaadlge 4
o il 3,51 5 CaaS 4 AT 3 opl 35 (Salazar Cavazos et al., 2023 <2007
ol 5 o 51 Olabsl B L plowit YU 35 b Slvlons 53 5 dimls el sl 587
s
o 8 el oSy 25 ok el (Slaadl o (6 oy s 131 ) slaten,
Se s elilnlin Jitas (sbaad) jo (gl a7 ¢ uSas ly Aile dalaze (gla gy M
(o (L0315 (511 5 Lil3 o Sloes |y adljo Ole Kirad (oo is 2 @il L
Mishra ¢Dien, 2010 ¢Adachi, 2004) 5,15 (s i 1,8 S usy3 Sl ei Lsbe

Homepage: https://jem.atu.ac.ir/



Homepage: https://jem.atu.ac.ir/

Y I O\)\i«h}d\g)‘ I e d & ol G}A}TC}W}\: Gk 4y A Lo

in paS G4 S0 gtosle sl 4 olaws i > ol 5l Ooda (et al., 2017
LT3 Al ls (5 s LLislibapite plal g 68 LUl pite (925 sl |
b e 3 B8 )l Aol (slaadl 3o o b Laadd 3o izl 23 ol A o 55 55
Lds (g jlwagy Sas

b Ktaet o ke 55 (6 plollanil s 4 wSag o bay plo b awlis s
S5l 93 S (o i 1) m e Sl Suilols & (o Sasly s Ol
S ) S i v;i)jis\j «((Mishraetal., 2017) 5,05 s 1S 1,8 Keses
Dien, ) cul cwlie Jatus cbradjo 9 olid b Joi (ol iy (OleMbl sl
S dalw s 4 wSCes Lol el nSCos il ax ST 55 ek sl (2010
A 03ls o 5 DMl Lado 5 5l

duwlxo § i 457 gV lo dold

(35 S8 S J el S ol Sl (LT olas e sVlale dlols
Iy p A oo trmlomn bapize Ol il S Slile 3,5 5 55 L) o picetis

G| _/'.'.) Q)}.ﬁ% QT J)‘J;L’;ﬂ‘

D=5 -0 (x - R

Gl willssS il S 5 (Ko Jls p (Sldalie Slsy x OT 4 &
s wilsls § 2l 28 45 ¢ owddil alob (o3 ,, .(Escobedo and Mendoza, 2015)
P8 s 5 am o ilsls @it b e sV lale ol o)l 1 L ize ISl
Roszkowska et al., ) ol Sewlio oboms Jails, b adls slaosls g cla Kovan
(2024

oYl dol 9 Aol sdadio fuloi pled]

S b Lol glaadd so w1l e o875 g 5 Slwlons Sy 2alS ol
(e g ) Bl Aol glaailga 5 Ll 28l Laosls slal b s Jlesl oSy
slaesls iluosle b eeuS 5 ol b3 5 dnlous adl 3o cpl olal o Y lale dlsls
YN, 2023) sls 21311 Jubows 255 538 m e 1) Slaslows (il SleMb! Lai

1. Infomax



Vo | SY oyl | VY oyss | i @ Soyll | YY

Slora 0T 5388 s (2leST 55 (0 555 S0y etioden 5 Sas ol (stisas s shea
o o3lizal (MAX) a3l day S2alS" 4l 3o 53 ¢ gamee jlukie S 1o 51 (1) S0k

Dmax=\/ s (x-max)T (x-max)

B ol s 4 godate SLlse e sVlale Aol 5 Lol laadl e o ft”‘
L glresls sueT,l8 5505, 0l Lol slaadl jo fulows Low 5 slal 2alS (s
Yo Slabes mle 4 5L s 4 (2 Slatas 53 S oS ealp 1 YL sl
St Ly ke 53 e 5V ale Aol U1 cps3 (YN, 2023) ol S Ml
Aol w3le sl slajkme & Coms ) S Slulis 5 (gunad, 85 aize Ol
Slra S 5l eslial cp g (Roszkowska et al., 2024) disy 55 (oLl
oSzl 5 313 &1l o3kl 55 b (g5l slaosls ot 53 1y (Fsbize o8y Kile
.(Etherington, 2021) > §* < 45 Lol Dbl sl ol 5 5515 Sy

s 9 b dwlio 9 i) S5,

SoLT slaslme Sl (glas sazma (i35 cpl 53 ol (sduasy rg,y bl sl p
dols 5 Jol Gbaadlze oo S 5) (oolgihy Fo) 2D 5 S8 b Al
deglin (Ol (6l o 05037 JS7 i bl ) (suksady (i s b (G sVl
b s slaesls 53 baasy Sl ks 5 bl cBUl b5l Coa b laylaa ol 5 48
el Olsea (Wlos Jdne 5 &5 58 5 (8L)) S w3 55 bl 5 Ls
S80Il 5 i d sl 1 olins ) QB Gold dmlons 01 50T 2015 5 Shes
.(Crocker and Algina, 2008) <l )l gzl aesls fulses

(e 90 b (SOlgliy (SAAT ) (Flunod

Sl Soad b (o o5 b olgty sy (ola) Olpe ot g
a0 Ol 1y bas ;) Cw g b 5o Sy, oUls a5 Glas opl s acls o el
Sl nlin ey lin 5l (o5 Sl & Sl 5 0393 &S5 LU o
.(Siegel and Castellan, 1988)

laadlzo o oS 5) (@algib i) S ealial b itiasy duT b el 1 g
Sl sl Slaslae Olgea 1515 5 1K ols, (LemsYabe alol 5 Lol

sl Ol 2yl ssbten 1 RKes olay 228 15w Lhas (ot

Homepage: https://jem.atu.ac.ir/



Homepage: https://jem.atu.ac.ir/

Y| 0LSer 5 byl | ey 6w 0503T Ol 515 S0kt 45 ) Aus s

(> Jobme 5 (50 58 (Bl 5 50> Sl o ile) Lo o (sloe sl b (3lgidey (sl
o i ol 3,0 sla SUly g a Sy S 358 ol Oliab! b Ad dlons
sbar 3lgtn ATy o 3 4h asia b oy 5 1 S5 2l WOleje ysba LS
S o 5 sl il S G e S5 b e e a5 e b (slao Sl Sl nlie
5 B G B plonil (ol g o L) (Sar ol 3l oslizal L s fows
Il ool 1 8l 355 185 (slaslns b OT BLil ke 5 1 Ko (slajline b
o) iy ol slael 5 O35 a5 lateay (6 8 o511 5 it 3 ot lzel
.(Crocker and Algina, 2008) i

b 9 YT 50 (SChunad

> Sdas b 01 5T 1) (bl 3l gloes & 53 2y 3 Sas 558 o sk
sy Gl 100 5 @YU Sl o el (Smed 2 (0l Do b VU Sl
3 o b 0390 T 2505 o 383 55 53 sy U5 2bisl & bae ol A acalons
loli b (3 50T mlie janadsl dile gladin) 3 o8 (S g0 68 Cand L e
(s 9y b b Stunes ) 4o (ROSZKOWSKA, 2024) 5,15 Coenl ol (slajLs
S oo i Lol cpl o 1) algibe S s b 55

) Dy sl Sl 20l § (Sl

Shre Ol 5 ke s b (2 25 5 @3l s o 45D Dl
baady S slralr Ol sdiasOlis a3y Okl (ke b oot 'laas , (33l
o=l palie (Hastie et al., 2009) coul &l i ol SaST1, Sl slme O3l il
(ol (o o5 4 Coed (S5l B3y (oo (bl 3 (STl line O3l il 5 0L
S gl 53 4y B o gly edasili Llg oo YU pslie &S Jb- s
AL O gaT 20

W) Sk Pl 5 5T

w8 b s Olw auls Jl gl e ls Olyea "o, Sl Jlus 5 ST
Iy b3l slaas ) Llg oo do 4 U (oolgiiny B9y a5 A oo OLiS lajlins ol lUd

1. Difference in Ranks
2. Maximum and Minimum Rank Differences



Vo | SY oyl | WY ayss | i @ Sesll | TS

ol e 855 Gl glrale b 0T mls 0T L5b oS5 gl o5 cdas i
.(Dien et al., 2007)
Svddy sl w9 bl 5 0
8 Sten S atls 5 Jader e, iy 55 3,8es alie sl
O L g | Py V-3 PR e R N T P
oela cpliosldlygs glaesls Cade 1 S Sy 95 laguuasy o LSL.\M R
o 6318 b slaosls 038 i 53 Oas ) uad s o) 93 sl 815 Ol
oela ol tesldly g glaesls Codo 51 ey gy 93 slaginady o gsi;""“" At
S o Gl s ST s rs 93 o Bl p 0353 (glaesls ol ST
pl 13l 93 laosls Codo Sl dm 5 S i pay 8l B s0900 (Semer ¥
s 0313l 95 (Slaesls Cod L agarl 30 53 1) (i 55 (2bb 5 oML et ls
S s
10olBl )93 (glaesls Cade 1 day 5 |8 (oolgii Say Sl H9009)3 gsi;""“" ¥
loosly oo b agrlse 5o 1) olgihen Gy 2bl s olul pesls ol
S a5l esbsly e
il g o3lizal e el (6145 Stmer u b dla s li pl dculoes (ol
e DVl e 5 Jals) o 53 0T (GUl5 5 &5 bl Conle s 4 o o !
g g o smmma G ALAS ) ds e 6l
Sl g sl 53 S, Sy 93 bl 5 ela) Ol bl e Jdo l 51 o
SRS L 0T (68 5l ay5 0diasilis b gy Sctuad wZomsl 031 53 (slaosls
SO 203 1y s A Sl (B50503 (Soenen 5 )3 i3 dal
03Bl 55 slaesls ST sz 6y 4 gy p ol ot o (s3le 8 Slaesls (ol
losls Calbue Loyl 15 3 (6 i SOl 5 S35 oS 1y gy 5055 &SGS baggutuas,

J)kafa u.é’r-;oﬁ GMJ@ 43‘)‘

Homepage: https://jem.atu.ac.ir/



Homepage: https://jem.atu.ac.ir/

YO | 01)8en 5 oyl | coes 6l s 0503T Ol 515 Skt 45 ) Aus s

Uy S 9l Skai

by S L b s 255 50" il laad s b bags sl sl
L olsel j5ls oSSE 53 pml 85 olasOlis Ll oo agsld YU sl 355
Gas s B0 55 oa) YL U5 ediasilis oS sl oS Jl- 55 (il wlie s Shes
.(Siegel and Castellan, 1988) =l 5 lazs sla
laadl

s 3 o3l UYFr e Il (6l o 0 53T (slaesls i 51 ol ol ¢ i a3
3 (GrasVle ol 5 WSayy iz b ol slaadl e Jubos 57 5) olgnig
Vo0 laesls gy p la Jdou (Lol ol &1 dbasy 2w gy L OT 4wl
dplome (il g0 ol pal Jald 5 s plail (5 5 (Bl poke (HalejT 05 8 byl
YV e ol ol g ol ol 53l Sl el b s s 5 13 ovad s (251 5 ¢ ool b
-"U%gu“ J‘Jl}f PP Coseh g LS el VALY WF(—’}:’,[& )
5 Sas G b el Glaadl 3o Lo s 53 5l eesls Julow g 2 shaiea,
i 3 eslial 31 5 el 0laT OT a1 58 aslsl 55 487 s eslial w5 Vlale dlsls
2615 8 gai ColiST s li cbaosls 03 5 canlin 51 Oliebs! (g1 ¢ ool (slaad 5o Judoes
Cowd a5 /AVF (6513 5 g0 CuliS oot li IR . Ad sy L Sy ST 05057 5
Osa5T (lalias o ol Jale floel (ol 4 gl CuliST (godiaslis &S LT
b poiie o S8 Soacan 45 315 OLES 1 X T(YA) = FYFOFV/FOA Sluie )b g S
ool gl jo Lo cbaosls ColiS uul 3w 5,05 525 sle o gl sl
Slaadd 3o 3 ks (51 G 51 i o s p3lie e b plonil Laadd g ol Szl (sl
ols S TAYIOF & gazma s34 A ol sl il o 55 ¢ bl ]y ok 3lizl onlie

X CNY tp s> add o 5 TFYIAY 15l add 5a ‘%;gwy,awl{.,u;;&:;\,y

1. Ties

2. Number of Ties

3. SPSS

4. Python

5. Kaiser-Meyer-Olkin (KMO)



Vo | SY oyl | W oyes | ae i @ Sesll | Y8

aJ..iG‘J.S::Ml d}p})é\ﬁ “"\“j’g;":‘:‘-‘; J“’.lﬂ)‘) M):ja)‘ijﬂzuﬁ A J‘5J.>

sl S g e s Sk ¢ geme sl oy sl
= oS Ao Gulsls deps read dops Gulsls Aoy adlge
YY) /AL TY/AL /AL Y/AL Factor 1
44 0/0v AY/01 Yo /vY AY/01 Yo /Y Factor 2

Jode 53 0T s o oldamlos Jolo (slasb e Ko 25 2 oy b aslsl o

el o 45‘)‘ Y

ey e 3 e b aie Jole glasl Y Jgas

e SLL ¢ pems sl o5y ke s

\ | Y |
JAYE AV V+a/vYo £1YY/00% oo bl Slosl 5 05 515
A Vs AR%AC YOYA/AYS - A N
CAYY /0N g ALV/VYA YYva/00v oo b ool Gjles 5 K b5l 5
YAEA YYA TONYA VEVY/EVe T P P S I
/48 e YoV V/AQY YVVY/AY oo bbb, 5l
IALA V/0 84 A EALYALY YA avo/e oo LS 5l
/a8 +/041 1YEY0d varv/eve oo b e 515
/TY0 +/89Y ALV AAA] > o ped oo il

5 oo SOl sddzl gl adlse 53 ¥ gl o ele glajl 4 e 5 L
e 93 opl polie s 6)‘4?(‘5:;:*‘35“&‘«‘”3@‘:-?‘1) Ul 5wl psle
i Olsea (LA 1) pgeme o SYL &S (bl 5 L me bgls a sl
53 S 13 g 53 & pl i Ol (sl oy STLe) e o alal 5 5 Sas
aed Ol 53 1y ailge 33 mer Ay (Dol odkd abntie 3o &S5, L (1 JSG) adle
($L 53 o yo a4 i gl e 5 Vlale Aol (s 13 32 513 DU 1
(AL B 0 el Sl e Jool ol il sauad,y 5 S arelne Laad S (Gl
A3 8l
ol jluis SaST, 5 S s ¢ 3l ¥ J o claakols oyl 25 on Sl
o sYlle Aol 55 (F JK8) ¢ 5 sn poman s (oo 61 1 odiiaculons

Homepage: https://jem.atu.ac.ir/



Homepage: https://jem.atu.ac.ir/

YW O 5 byl | s 6wl 05037 Ol gls (ks 45y duuy e

Slas 3 bosls e Sle 4 S 1) La0T S, &S das e Ol 1 Ol sl

IS o e @ 0] Sl (Glaad] e

Std.Deviation Mean Maximum Minimum N ad 3o
V/er Ve £/4 —-0/+¢ \\ro0e Factor 1
Voo AN 17AR3 EAR V00 Factor 2
Y\eo0e N

il ge 53 f s di 5 S| lased ) KS

Mean = 6.33
Std. Dev. =1.231
N=110550
12,500
10,000
5
g 7500
o
I3
[
5,000
2,500
s ™
ulv} 2.50 5.00 750 1000 1250

Mahalonobis

Waosls w355 as 3STe 3 a0l akiols bl 2 O sls (SS1 5 o1 S st s sad Y S5

5.00000

2.50000
P-3
%x 00000
£
i -2.50000

°
o
-5.00000
-5.00000 -2.50000 00000 2.50000 5.00000

(45 pste 3 ases b SUlga)dgl Adlge



Vo | SY ol | WY ayss | i @ Sojll | YA

A b el glaadlse fle ST olgnin hs v,y S el
313 0L (gl o 05037 JS 0005 siee) (i 555 b (Lo sV ale aliols 5 oS 0
VL s ldie b ol AT gy 55 Slaad) el (Sted b S
Seslizal b1 Kaa olsy Jbmplly S o a1 ey oo b olgtiy s,
E g2 b 5 Ol S e (slaslas

(o oo 1 iy ge Glaojlu Olejon oleill & Olejan &S slalne
gﬁizmLL;)\J,_JWJM&\.xmgw\&}bybw”;uﬁ&u
29 Pl esle 058 53 s slaole ol ans oS (U 5 5L, sla ol
oS fw i 45 (e S Hlas sd o0 Cgame ol (SlACS e (A
SIS a3 Slas e cpl 155 eds 3 8 a3 s (s Joas el oy T s Shes
Joe ST Cabgn gl ool Olgiea Llg o 5 das o O |y 308 5 oldbyls
Sl od 1 o7 4 Laslne a5 (6ol (ST o o el (Sened S
23 pl e /YYD Wlos Jdne gl 5 ¢ IVOF 50 6l VA 5L
Wl e e b o 2e BLS1 5 Olejen S (slaslas L s 8 B Sl

(D) TVOY 55 s laslme Ca b (i B0y (St l s el 53
Ol jed S (o slme 53 (solgiiy B35 55 (phps Jitns) VP 5 (S 58) H/FAY
53 50l OLas Koan (BTN /A 5T 5 4 o558 5 ool Ol el am
OT 51 (S s cpl (bls (g 20 3 Shes TFY/0 350 b (s ditae) s Slone
dle) ()Ln)'r.n sboile 585 oLl ys crin Uy olgiy Gy, S Sl
IS5 e (512 6 e oS S o s 5 3,05 (o 5 L) el
Il dal e, S o3Il 5 romin 5 b slas sl b baadly ol ool Jonams
I P G AP (!5 2 «(2008) Crocker and Algina e ;Lzs!
s e ) golgiin B, ) Ken

Homepage: https://jem.atu.ac.ir/



Au Lo

)

29 Gl 05051 SLB 15 Gk

Y] o 5 byt

2 b Jgdr

L;\:M:A.m

33

Golgdn

e P98

O sls (gduas,

ae nRE =0

Coy soé 08
merp Hp

oo =9 oo

oo d ¢

=l ) e
o d (o (="

e d e € om0 e

e Cho 5

e 9 (R0 € K gt

LT

LI

A

VA

u\.*/\ O er )

VAL

**O f’kn '

\ﬂy»\/LOr '

¥

*

*
*
*
*
*

*.

e =9 (0

a0t —
x

AL

AV

A3

A2\

LML

VAL

300
x

Pl

Viote—
*¥

AN

A,
¥

**Owwn '

Lt A3

AL

e 3AA

<"

~Cs 4 (o

VA

LLOAB

30

m&..\q.AiWJ.Q&)

Jarroe'nmiecwal//:sdny :a8edawoH

f e—
VAV

**\/O\/n '

7

¢
**/\O; )

**(O;r '

o =9 o

LOA =
x¥

AV
LAV
¥

L

=0 0 e

300~
¥

WAL

AV

o qd oo




Vo | S oyl | WY oyss | i @ Soyll | ¥

4 1
o —.A .
b = L. . :
ESR - S S S SR
2 < \\2 5 Yy Yy A - =
R R TS S S B
I O T
= 3 b
b Y
% i :g zg
+ d ]
)
2 i
] -
3 -
3
34 -
§

oYl dlol) olgiy Sy uad) Gl Olgs g p sl rames

A YL e UL gls d s (e 51 5 Q!ﬂ)@j};@(ﬁfbgw
5 e Auad) Ao D b (il HIE Sy 90 a el TN s S, 90
e oY AT Wiy sl o ys & ol Ol e sVl dlbls  cne gduas,
3 el s s XLV @L:.Z ol IV ION e bV s asy Gillas Ao ys 5740 /YY
e B9y Auas ) YL s aS S ls G178 /YY &S sl Ol 5y slaas, /)
3 S Ol cpl Lds olelis 055 ol 55 55 (oolgiin (sduad, 43 czils I3
WLl STV OA ¢ i 55l 5 Ll gls SLalid 53 Sy 93 m (S 55 (Shomsed
Lkl 3L a};@\)s}g‘gsw hay kil I3 i Sy el Ve s S
(S3lgitny sy a0 O & Ll 5 slaady 53 ills Ol e 51 5y Ol ()
Wl o3l plowil g sline bty (s 4 S |) Cand 3 Ses L 0L s (s
s, glrale Ol (o) 2 o o ¢ 9y 95 G oddodaliv Clal )b 4 4= 5 L

Homepage: https://jem.atu.ac.ir/



Homepage: https://jem.atu.ac.ir/

¥V 0LKen 5 bl | s 6 ol s 05037 Ol 1> Sy 4y ey s

D5y ST s edkials oy 55 o Ollbgls Glaad, i (e ol 5 Ll
33 O BaS ) 5ot Ol (g osbieas 358 o0 (oL 50N OUb 1o (luanas 5 (golgniny
75 7S 5 o Oline Ol (s ol o 5 Gla st b e sivas s B
5 (edd 315 Ol yad) () om G 2 &S ys 4 Jdod ol alos 4
.w@eﬁs(mfugwm};‘mu Aol 5 ne gduady) ol S
b 2l 455 i 5SSke 457 315 OLE s .ol 0ks 1510 Sl 53 ol (ol il
30 33 Gm Oyl slaas) ar 5 LB glrals odasOlis o Sl Ve YLFY
das o Ol oS (el ol T3 APFV,FF 455 i Hlme Ol il e .l (g5
St Qb gls (B 5 ol 0kl ) 5 5SS sba QUL sls 53 Laas s ek
P e e OLis a7 cCanl VAFVY L ol ady i oy i Alos S a2 1y (65b
ol cwl v bl ady i o 2eS  Blae s lanils | il a5y Suks 0L gls

Llaals SLSG ol gy 53 8 55 Olbgls 5 &S Line

Sty (ha) 5 e SR O 450 e e s slaela 0 e

olaa Gobl jals
A s mn Sk
JRYRAS 5y i s Gl o
VeEVY s 55 et i

S faS

S 5 STy L) Gt (Soren gy 03181553 L& Cod 3T F Uk )

Mb@dl&ab ‘53:)){)3)3

230055 G 5 ey G s w (Semesd 031155 bls Gl 36 N Jpue

Sldae ool

LAY o3l 53 bli Gl 31 3 (shuady S By fm (Kisen
AT oslily s bla Gl 3l day (sad, sl s o (Simer
Yoeen o3y 93 bli Gl 3l e 5 L8 e (B 5550550 Shsad

Yyeene o3l 30 bli Gl 5l dms 5 18 e s Vlale Jhgy (5950550 (Kised




Vo | SY o)l | VY oyss | i @ Soyll | ¥Y

o el (AT ) 53 gy 53 e 5 BB 5 Sles ediasOls F s ol
s +AVPY 031l 93 bls Cod 1 S B) 55 Sagias 5 om o el (Shnsed
e Il Clmosls ad gl Ll a3 3oy 55 ol (sYb Hlew SU 51 (ST oS T
oo s o OLES oS (3l S2alS A A 4 Steen ol o3l g5 blE (ol
(o s VA (2alS) Sl abls gy 55 om 35 p Jawste 30 oslBl 55 slaesls
el il yo (o s b S 3 e ST eslgiig by 45 ol OT S0L il 0!
S sl (gns ol 55 S sls Sl S 03]y 53 (glaesls b agalge 53

55 3 e sy 33 A Sl 50050 Stees (S5 Sse
Slie plsg Voe s bl eslslygn bls Codo 3l a5 Jb— ew sVlale (g5lgity
ool 03kl 95 L& Coldm 1 86 Ol ads pl 0 55 Sy 53 o a8 SLL sdasolis
s e whl sanady 55 oYU ol a8l ba g, s S ST e LT
el Gl 0lias0lis ol Sae 5y 35 8 53 Lhs,0505 oS ols) el il
b w53 i ey p Al 45T (b LT Slabee Hlisle s oslilyss Ll 4
ol (108 s s Wesls oy

tlos Lo e ¢ e 5 Vale (o5lgriy iy & Ll OT 51 (S s ST sb
b0 o (St 18IS a3 0 11 ) il (5000 (2B et s b 53 8
Sesls Cu e o g j3 O3l Sl lailis Ol geas Ll g5 o 0sldly 93 LG Codo I
bkl oo losdll Cuje ol ol & 50 B 3l s Laws ole

D g p O gmea Oﬁ@b’ slaesls

Shaady sla i, V dgde

Lol S5 slas oI
VoA e
\¢o oleln

Jﬂw&‘}j)l{M».}_LE.A)J63%&})4{3\JOWYL&‘S}L~JJ‘M$)JA.

\~\A?\‘A{LALQJL..S;\.\a]c@@jjjjs.sjbQl}yTﬂl:&A;{qjjmstgﬁ

1. Reliability
2. Ties

Homepage: https://jem.atu.ac.ir/



Homepage: https://jem.atu.ac.ir/

P OLan 5 byl | s 6l 0 503T O 515 Sy 4y s

;'}:.3 Lg‘)‘fﬁw L L)ij-) Oi‘ J:g)‘?.ili S8 j‘ L;b- ‘yl{ r.;) L;"i‘ 4{ J..:w‘) S0
A;QJ\)L;)LJ\fbl@ﬂé;%u@)c&w):.@lQmaﬁl&l{m)’}n'l’u;ﬁ\:
ol 5385 5 plate glagduady &1yl 5 hgy plam g b6 SUls edasplis &
sl5.00 Ol 45 545 o o (1988) Siegel and Castellan o8 s 4 skl b laasl,
Ol sn ool ol sl 131 eSS 53 B VL )8 Glime 4 gl oS sl

. - - F . - Ay 5 - & “r
Sl 555 sl pl dag sl :\MM&KQc&;MJJJSQ;W
Sl o sl 5 aoenlil 5 LS oo oal b 015 5aT 215 3 Shas (stvasy 5 b5l

.sfi@&,wwiijtgb:j)lf

SrS e 5 Loy
3 Sl 5SS il wbiecS 5 slaosesT 55 OUbsls G duad,
s ,\;,“Tjéd\)\f}umﬁi.:;wsg.mld.:,-ﬂéucm;);wu‘suum%
55,10kl I 6 s Bkas o7 (s i slabg, 3 08 o 5T a&ils
Ll b oaliel 0328 jba 4 BT il S5 Slel s S5
Slaosls & ol 5 b ite Olo ( Sores & S x5 pide i o lays sdone
Cada L Liags ool .(Kolen and Brennan, 2014 <Dorans, 2004) . ,ls ossl, 9s
Slaadlie Jlod S5 p (n 3l s LTS (b IS Jlge 5 4
3502 15 OB 515 (G5 53 S 5 085 e 5V ale ol 5 oSy i 2 L o
bl b g osls 2alS 1y estilygs slaosls 56 Wiy o ba, ol 45K 5 Slidu o0
o\t hay 4 5ls Ol andllas ol slaasl U8 OLlo e ) 3 Slae  Kowes
Sl p g o L2 s gl TS Sl Sl s S foe 3 3s a3 58 55 g5 4
..Lb.au.»

Sty 13 plod § CID daug i3l ow 4 il

s 1 OWbsls uuady 5o e 5 Cis oalgiiy sy & L35 AT Laasl
S 303 S\ ST 2 o el (St i i 0 52 7 5 BB
Sa Ol 5385 sy p el plb il Say 95 opl g ol o iasOlis oS ¢ 5 0/93
31790022 (Jwd) geas 3403 6 e 5 Sae Sllbgls K s iy g,y &S
WLl SL oj; ol s e ol Ry o3 S SRy S JAREEFRNIWUPIR



Vo | SY oyl | W ayss | a3 @ Sesll | ¥E

Gl 0T Kby sl ol .28l 5alS 770/58 4 b 0 (5l Ol ol &5 Jl 53
sloul (6t S Sl 3 Shee L Ol sls (duasy 53 03 54 c3lgiing iy &
e B9y b awslie 55 (5,50 VFO) (onlgiiny )y o b slud slaw (imman LS 0
(1988) Siegel and Castellan o w5 L «S e 5 1S (6, Kadir  sbas (55501 + VAYD)
el 333 (6,108 L5 53 iy !l YL S8 eiasOlis bl on

S 515 QLS VA VEY 5 ST 5 Ve VYPF a5 om0l oobeT it
S Joys il 03 5 sl g 5 BB Gl olrals 35l (S p s o3kt )
3 4 Bee Sl DU gls By ) U 5 (S () o o 58
5 Shee)) (sS4l 5o 53 Tl 5ol als gl Lol slaad go o Sl eslizal
Cod o sV ale alols alonn 5 (((Mdod 5 (Bl Sl 5wl pole 5 o 50e
ol 3 315 Dl K 4 o o8 i gy Oyl 5 Shae ST
Sl iy s Shoe 1 5 03 5 millssS Sltle 3.8 a5 53 b slgiiy i)
Y Keen (De Maesschalck et al., 2000) 5 S oSz |y 0L sls Ol 5 b
) pses w533 b duslie 53 (/VOF &S50 ¢ AYA LU ) solamsl s L
MR B S5 sba gyl o sl OLa 55 (C/OVA le 0 /FPY
JIser s gy copl ol 60l 0357 Gien |y ¢ (pmads w555 53 68 OLlbsls olulis
s o Al FodsS laze 5 5583 (6ol Olprea (Mgt Bay 5 Sl e Ul

o Ciuods (6 jlurblos § 05L51190 (Sl0SIS (3T il 1255 NMow & grly

slaslobe ol laadd jo Jolod Sloslinal b oalgiiey S5 ¢pd Jlsm 4l )2
o wills S 05 S Bl b o sVl akols 5 5,87 ST 1) Lesls Olgs
4 Sl oy, sl .(De Maesschalck et al., 2000) sis &1, fuol b 51 o iz
Codo 3 13 Gl olie 50T ew sV lale dhols 457 U ols coslidly g3 (slaosls
3 AYFY L ol Sl S ) 55 o (Seed 457 313 0L § g gl s
OT 31 S o oyl s o Ol |y Gdeo 3 VIA il oS 05 g /AP Cod 51 s
94 s (sl (g Pl osldly g (gmesls ) gl 53 (oalgihy gy S Lol
o032V L Vgt 503 (Steren b sy 53 5 bl (dS e sloml 2

Homepage: https://jem.atu.ac.ir/



Homepage: https://jem.atu.ac.ir/

¥ | 01,Ken 5 bl | eens 6 ol s 05037 Ol 1> Sty 4y ey s

s b golgriy gy Lol oy 4 ) 53 2 b Sl S0 (55104 0!
(Etherington, 2021) 3 5" wal 5 (suas s 53 (6 e 33 caosls (nl 3T 2

FrdicaT S ol p 55 ol 515 Slsad 5 4SS Js 0 &8 (st Bg) DM
5305 Srals 1 osle e slaenls 3T wills s 3l esliel b s sV lale dhsls ol
L 56 F Sonr Jlallgion 58 faar p ) bt Obe (S laslisl
2 &ty ey S e e dadOli (eges raps b e 5 peletl o
bS5 1 Kes o) & g b e b slaejle S 5L 5 L e (slacsl
L 50 ol aadd 3o Jlow Law g slal 2alS™ (Crocker and Algina, 2008) s
Jolliffe ) 5,87 wal 3 1y b Sacen 3 Goee ot OISl cadl 3o 55 53 Dbl o 2y
63, 5es sl S G sls o3l (oslgiin s,y 4 s S5 ol (and Cadima, 2016
s Sk ey 093 i & 5 LS 0Ll (6 i = 5b5 L 1y OLIL 1

S 5 ool glaadlio a4 bosls b b Lol glaadljo Jdow (g o s
LS o bis 28 slal s 1y ST Sledbl &7 das o ) b Sy 5 g
SO o mmedi oL 58w Yl dlob (Jolliffe and Cadima, 2016)
.(De Maesschalck et al., 2000) &S o oSaze (6 2iw S35 L1y 0L ols Ol o b
Sbe b 5 als 2l e i 03 feE Slagsled @olgiig sy e i)l
sl 305e (S 55 &S 513 OlES AFFY,EF Jlas ol sl 5 Ve VY P asy s
G55 I8 Hls LT sl b Slais ol oSl 035 sl (gyls gae sl
Siegel and ) aS" o b s Shee SU5,0 5o 1y @olgidn oy S50 9 Sl on
.(Castellan, 1988

sVl ol 5 Jol lailge Low S 5 &5 was s 0lis sl o
|y eivad s 53 sled 5 3 eS8 oy ol ol e o iy 1 T8 S
Gl Lol 5 osblyes glaosls 5T 2als L &S cdas o il 58l
(538 Slalas b aus o 53 .08 oo @151 DU 515 5 Shas S5l Jos (St
(s S350 e kg3 S gLl |y e slabey yssdme Sagh ol
bold 53 0354 (5 7 1 ol il (B5aT bl SauT 3 3 gy L 3



Vo | SY oyl | W oyss | ae i @ Sesll | s

Sy Bl s Tl ssgde (OLSL, Wb (aei gl b Olbsls
il pa¥sle 5 saadda 1y oKl

S 3L eSS b (o3lgiig by dmlie pte canlllae oyl (sl sdons 51 (S
Sl Slamlie iz g ol 5 S5 b e GSE L il
2B e ST L)l S Hsba jab iy sadde plp 001 Sy LS
b il Glaos S nlo o Ll (s pdyprans Sl (S (5 5 (5L poke 03 S
AS S gd>ee

0T sla a5 OW s sl 5 slgniey

i b ol pen ol slaadl o s 31 aslizal b 315 ga OV e 5 0 Kt g3,
Lile S slaadd 5o 505 S (s ilweslu | wl.:indf)ﬁ S 3T slaesls cwgﬂjﬁ:
30 o) S Al [ (e 5 By S sle s sl p e 5 o ses 3 S
cn) oo S o ol 3 DL sl (svad s (51 5 G8s (sl el Sledbl ol |
58 315 Ol Sl e o pitakir ($5kan Ol gty e sV lale dlolb slone
& 3 odettn 3 g | O 13 o 2L claite oy (Ko (35 55 )3 L o (!
S 0 8SS i Glas il s lulis

S (Sl Sl sl 355 o0 lgtiy (stad, 0> e 15l
o5 S 530503, 55l 2 5h 43,5 5 55 (el sls Ol e Laadl 5o g pas
5 Shes Lobsls g oluld Eol chiyls Cuenl SLsl,y dile ool cba,lge oS
F333 OUbsls Lol auT 2 s By ol oS 5 L s o ST )3 55 4
Sgdal g Salies

rEse sbobae bl Sy S1Ss 51,80 sy 5 00 slgiiy imman
o 1358 o551 B0 s ital (slacy o 3T L ¢ AEE1s i ¢ hae S jos sle
Iy baslwiad gLalid 53 S35 5 05,5 Sy s |y iamtn Olal b 3 s, ol cadlr i
St S5

Wile opile (683l slanm ) S 1y (o3l gy il o 0T sla 2as3,
3 525 G LGl ) ST S G e eSE L T 01 S o5

1. Extreme Gradient Boosting (XGBoost)

Homepage: https://jem.atu.ac.ir/



Homepage: https://jem.atu.ac.ir/

WV 01Ken 5 bl | s 6 ol s 05037 Ol gl Sy 4y ey s

wlolis Ol 5 das o il 1y gduasy s Okl 5 Ses ail i oo
S o a3 15 Wosls 53 ooy PN

@Lu
éﬁlﬂojﬁj&@uuu)Lsé\j;mp&ui.(\zn).)j;;su;jyiu;qwou,-u
Nevw sl e NEen Jl

References

Aboagye, E. A., & Mensah, C. (2016). Principal component analysis of students’
academic performance in mathematics and statistics. American Based
Research Journal, 5.

Adachi, K. (2004). Oblique Promax rotation applied to the solutions in multiple
correspondence analysis. Behaviormetrika, 31, 1-12.

Adhikari, A. (2023). Application of Mahalanobis distance in education and
educational psychology: A review. Innovare Journal of Education, 11(4), 5-7.

Ahmed, E. A., Karim, M. R., Banerjee, M., Sen, S., Banu, S., & Warda, W. U. (2024).
Higher secondary students’ performance in math, English, and other science
subjects in pre-COVID 19 and during COVID 19 pandemic: A comparative
study using Mahalanobis distance. Theory and Practice in Language Studies,
14(3), 854-865.

Arai, M., Tsubaki, H., & Sagisaka, Y. (2021). Evidence-based statistical evaluation
of Japanese L2-learners’ proficiency using principal component analysis. In
SHS Web of Conferences (Vol. 102, p. 01005). EDP Sciences.

Behrendt, F., Bhattacharya, D., Mieling, R., Maack, L., Krlger, J., Opfer, R., &
Schlaefer, A. (2024, October). Leveraging the Mahalanobis distance to
enhance unsupervised brain MRI anomaly detection. In International
Conference on Medical Image Computing and Computer-Assisted Intervention
(pp. 394-404). Springer Nature Switzerland.

Borissova, D., & Keremedchiev, D. (2019). Group decision making in evaluation and
ranking of students by extended simple multi-attribute rating technique.
Cybernetics and Information Technologies, 18(3), 45-56.

Cheng, J., Yagoubi, N., & Others. (2022). An integrated interval Mahalanobis-
Taguchi system for turbine blade quality classification based on vibration data
with measurement uncertainties. Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical Engineering Science, 236(3), 456—
470. https://doi.org/10.1177/09544062221076366

Crocker, L., & Algina, J. (2008). Introduction to classical and modern test theory.
Cengage Learning.

De Maesschalck, R., Jouan-Rimbaud, D., & Massart, D. L. (2000). The Mahalanobis
distance. Chemometrics and Intelligent Laboratory Systems, 50(1), 1-18.

Dien, J. (2010). Evaluating two-step PCA of ERP data with geomin, infomax,
oblimin, promax, and varimax rotations. Psychophysiology, 47(1), 170-183.

Dien, J., et al. (2007). Principal components analysis in educational research.
Psychophysiology, 44(5), 785-799.

Dien, J., Khoe, W., & Mangun, G. R. (2007). Evaluation of PCA and ICA of simulated
ERPs: Promax vs. Infomax rotations. Human Brain Mapping, 28(8), 742-763.



https://doi.org/10.1177/09544062221076366

Vo | S ol | WY oyss | i @ Sojll | FA

Dorans, N. J. (2004). Equating, concordance, and expectation. Applied Psychological
Measurement, 28(4), 227-246.

Escobedo, D., & Mendoza, M. (2015). Analisis de la matriz de covarianza en modelos
multivariados. Revista Mexicana de Estadistica, 11(2), 123-140.

Etherington, T. R. (2021). Mahalanobis distances for ecological niche modelling and
outlier detection: Implications of sample size, error, and bias for selecting and
parameterising a multivariate location and scatter method. PeerJ, 9, Article
e11436.

Giovannella, C., Scaccia, F., & Popescu, E. (2013, July). A PCA study of student
performance indicators in a Web 2.0-based learning environment. In 2013
IEEE 13th International Conference on Advanced Learning Technologies (pp.
33-35). IEEE.

Guo, H., Johnson, M., Ercikan, K., Saldivia, L., & Worthington, M. (2024). Large-
scale assessments for learning: A human-centred Al approach to
contextualizing test performance. Journal of Learning Analytics, 11(2), 229-
245,

Guo, H., Johnson, M., Saldivia, L., Worthington, M., & Ercikan, K. (2024). Human-
centered Al for discovering student engagement profiles on large-scale
educational assessments. Journal of Measurement and Evaluation in
Education and Psychology, 15(Special Issue), 282-301.

Hastie, T., Tibshirani, R., & Friedman, J. (2009). The elements of statistical learning:
Data mining, inference, and prediction. Springer.

Holland, P. W., & Wainer, H. (2012). Differential item functioning. Routledge.

Jolliffe, I. T., & Cadima, J. (2016). Principal component analysis: A review and recent
developments. Philosophical Transactions of the Royal Society A:
Mathematical, Physical and Engineering Sciences, 374(2065), Article
20150202.

Ketkar, M., & Vaidya, O. S. (2014). Evaluating and ranking candidates for MBA
program: Mahalanobis Taguchi system approach. Procedia Economics and
Finance, 11, 654-664.

Kolen, M. J., Brennan, R. L., Kolen, M. J., & Brennan, R. L. (2014). Linking. In
Educational measurement (pp. 487-536). Springer.

Kumar, A., & Thakur, R. R. (2019). Objectivity in performance ranking of higher
education institutions using dynamic data envelopment analysis. International
Journal of Productivity and Performance Management, 68(4), 774-796.

Li, C., Liu, Q., Liu, J., & Lu, H. (2014). Ordinal distance metric learning for image
ranking. IEEE Transactions on Neural Networks and Learning Systems, 26(7),
1551-1559.

Lim, D., & Lanckriet, G. (2014, June). Efficient learning of Mahalanobis metrics for
ranking. In International Conference on Machine Learning (pp. 1980-1988).
PMLR.

Majid, N. A. A., Hanawi, S. A., Talib, N. I. M., & Yatim, A. I. A. (2023). Prediction
model based on continuous data for student performance using principal
component analysis and support vector machine. TEM Journal, 1201-1210.
https://doi.org/10.18421/tem122-66

Mehra, C., & Agrawal, R. (2021). Design and development of hybrid principal
component analysis (HPCA) algorithm for academic performance prediction.
OSF Preprints. https://doi.org/10.17605/0OSF.10/SZUAD

Mishra, S. P., Sarkar, U., Taraphder, S., Datta, S., Swain, D., Saikhom, R., ... &
Laishram, M. (2017). Multivariate statistical data analysis-principal
component analysis (PCA). International Journal of Livestock Research, 7(5),
60-78.

Homepage: https://jem.atu.ac.ir/


https://doi.org/10.18421/tem122-66
https://doi.org/10.17605/OSF.IO/SZUAD

Homepage: https://jem.atu.ac.ir/

¥ Oan 5 byl | s 6l 05037 O 515 Sy 4y s

Njoroge, E., Njoroge, G., & Muriithi, D. (2014). Evaluating secondary school
examination results: Application of principal component analysis. Journal of
Statistical and Econometric Methods, 3(2), 31-46.

Nunes, A. O., da Silva, T. E. V., Mota, J. C. M., de Almeida, A. L. F., & Andriola,
W. B. (2015). Developing an instrument for assessment of academic
management in engineering courses. IEEE Latin America Transactions, 13(1),
264-271.

Overveld, K. van, & Verhoeff, T. (2013). Self-consistent peer ranking for assessing
student work: Dealing with large populations. In Proceedings of the 5th
International Conference on Computer Supported Education (CSEDU 2013).
https://csedu.scitevents.org

Padmaji, V. G., Chaporkar, P., & Belur, M. N. (2015). A novel student ranking
algorithm for off-line examinations. International Journal for Digital Society,
6(1), 1011-1020.

Raj, S. A. P., & Vidyaathulasiraman. (2021). Prioritization of e-learners activities
using principal component analysis method. International Journal of
Information Technology, 13(6), 2439-2451.

Roszkowska, E. (2024a). Modifying Hellwig’s method for multi-criteria decision-
making with Mahalanobis distance for addressing asymmetrical relationships.
Symmetry, 16(1), Article 77.

Roszkowska, E. (2024b). Mahalanobis distance in multi-criteria decision making.
Journal of Decision Systems, 33(2), 123-145.

Roszkowska, E., Filipowicz-Chomko, M., Lyczkowska-Hanckowiak, A., &
Majewska, E. (2024). Extended Hellwig’s method utilizing entropy-based
weights and Mahalanobis distance: Applications in evaluating sustainable
development in the education area. Entropy, 26(3), Article 197.

Salazar Cavazos, J., Fessler, J. A., & Balzano, L. (2023). ALPCAH: Sample-wise
heteroscedastic PCA with tail singular value regularization. arXiv preprint,
arXiv:2307.02745.

Siegel, S., & Castellan, N. J. (1988). Nonparametric statistics for the behavioral
sciences. McGraw-Hill.

Singh, A. P, Yadav, S. P., & Tyagi, P. (2022). Performance assessment of higher
educational institutions in India using data envelopment analysis and re-
evaluation of NIRF rankings. International Journal of System Assurance
Engineering and Management, 1-12.

Tas, E. (2022, October). Large scale ranking using stochastic gradient descent. In
Proceedings of the Bulgarian Academy of Sciences (Vol. 75, No. 10, pp. 1419-
1427).

Thakur, M. (2019). Evaluation of academic institutions using Mahalanobis distance-
based approach. International Journal of Educational Management, 33(5),
1056-1070. https://doi.org/10.1108/IJEM-10-2018-0335

Tsoni, R., Panagiotakopoulos, C. T., & Verykios, V. S. (2022). Revealing latent traits
in the social behavior of distance learning students. Education and Information
Technologies, 27(3), 3529-3565.

Twenefour, F. B. K., Nortey, E. N. N., & Baah, E. M. (2015). Principal component
analysis of students academic performance. International Journal of Business
and Social Research, 5(2).

Yin, J. (2023). Integration of Promax-rotated PCA and Mahalanobis distance for
enhanced computational efficiency in multivariate analysis. Journal of
Computational Statistics, 38(4), 1125-1140.



https://csedu.scitevents.org/
https://doi.org/10.1108/IJEM-10-2018-0335

