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Extended Abstract

Background and Objective

Various factors can contribute to unusual test
answers, including the inappropriateness of the test
for the test-takers, as well as the unusual behavior
of the test-takers in answering the items, such as
cheating. Itis crucial to determine the validity of test
scores. If test scores are invalid, they do not
represent the true latent trait being measured.
Several person-fit statistics have been proposed to
detect aberrant patterns of item scores. There are
some empirical applications of person-fit statistics
in related literature. However, some researchers
have found it difficult to implement person-fit
analysis in practice. The PerFit package discussed
in this article can be useful for a wide range of
professionals. This article will begin with a
theoretical overview of person-fit patterns.
Afterward, the introduction and classification of
person-fit statistics and the review of person-fit
statistics that are available in the PerFit package are
discussed. In the final step, it will be shown how to
use the main PerFit functions in practice. For this
purpose, this study aimed to investigate the person-
fit statistics in the answer sheet of the items of the
biology course of the 2022 university entrance
exam.

Materials and Methods

The study utilized a descriptive method. A theoretical
overview was conducted on person-fit statistics,
which were then introduced and categorized.
Afterward, the person-fit statistics available in the
PerFit package of R software were introduced and
reviewed. Using 1,000 answer sheets from the 2022
university entrance exam, researchers demonstrated
how PerFit functions could be applied on a 50-item
biology test. In this article, only the person-fit statistics
included in the PerFit package were discussed. Most
of the person-fit statistics in the PerFit package were
group-based. R is a language and environment for
statistical computing and graphics and provides a
wide range of statistical techniques (e.g., linear and
non-linear modeling, classical statistical tests, time
series analysis, classification, and clustering) and
graphical techniques that are highly extensible. In the
following, to method of using the main PerFit
functions to estimate person-fit statistics is introduced;
subsequently, the software-based results are
presented.

Results

The PerFit package is available on the
Comprehensive Archive Network at:https://CRAN.
R-project.org/package=PerFit. It is recommended to
upload N x | matrices (N=test-takers , I=items) into
R, with binary scores of 0 and 1 in dichotomous
mode, or scores ranging from 0 to m-1 in
polytomous mode (m = 3), depending on one's

person-fit statistics. The number of scoring options
should be the same for all questions. Missing values
are allowed. By default, this package includes two
dichotomous datasets: InadequacyData (N=806,
I=28) and Intelligence Data (N=1,000, 1=26), and a
polytomous dataset: PhysFuncData (N=714, 1=10).
The purpose of this paper is to demonstrate how
person-fit statistics can be used to high-stak test
data, and how to compute these persons fit statistics
using the PerFit package. In this article, the biology
score dataset (N=1,000, 1=50) was used, which
includes the answer sheets of 1,000 candidates for
the 2022 university entrance exam who answered
50 biology items. At first, we converted the answer
sheet into dichotomous (correct and incorrect). The
data were entered into R software as a 1000450
matrix. We showed how to use the PerFit package
commands and functions to compute U3 , [,"and
H* statistics.

Discussion

Assessing the fit of an individual to a research
background is an active area of interest that has
attracted the attention of many psychological
researchers. Various research streams, such as
evaluating the performance of individual fit
statistics in different conditions, identifying sources
of non-fit responses, and searching for guidelines
for selecting appropriate individual fit statistics,
continue to be favored by researchers. Some
researchers have attempted to not only conduct
quantitative inspections to discover potential
sources of non-fit patterns but also to qualitatively
examine the sources and reasons for these non-fits.
A comprehensive and thorough examination of the
sources of individual non-fit can provide valuable
information  for assessing the validity of
psychological assessment tools susceptible to fake
responses and also for providing educational
advancement tests. As a result, in this study, several
individual fit statistics on real data from the biology
national exam were discussed, which are used to
detect non-fit score patterns.

Conclusion

In this article, we briefly reviewed the main
concepts of measuring the person fit and provided
an example of how to perform such an analysis in
R software using the PerFit package. Developments
in this field continue, and researchers are
expanding and compiling more packages for this
software. Measuring the person fit is an active
research field that has attracted the attention of
many psychometric researchers. Various research
streams, such as evaluating the performance of
individual person fit statistics in different
conditions, identifying sources of aberrant
responses, and seeking guidelines for choosing the
appropriate individual person fit statistic, are still of
interest to researchers.
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R> library("PerFit")
R> data("ZistData ", package = "PerFit")
R> Ht("ZistData")
ch‘_‘j Gaed Lol e.>)L> (8 s 6[@ QLA;)] Ht é.gl.‘i
SeplesT)l (5 psbay ils adii il sle (B ke
i )l 4 ($8)l93 38 (Bl &l
(matrix,
NA.method = "Pairwise", Save.Matimp = FALSE,
IP = NULL, IRT.PModel = "2PL", Ability = NULL,

Ability.PModel = "ML",
mu =0, sigma =1)
s 5ol 8 A i 08 bl el sla Sl
(matrix, Ncat,
NA.method = "Pairwise", Save.MatImp = FALSE,

IP = NULL, IRT.PModel = “"GRM", Ability = NULL,
Ability.PModel = "EAP")

‘) o_\....:.))‘j 6&0&‘0 uu..)]:LA PLERVLY uL?L..a‘ Sl UKM ).,)lf

Comd B9 (Save.Matimp = TRUE) wiS 0,58 LB G o
‘\A.ASGA S MCAR W&A )‘ 9 el Sl o..\.wwf ).)QLM
Slaal 35T s Y| PerFit 1o S92 g0 souinS polie slaass,
Slp G5E8s Sz b 4 a5 J)se ;0 Ll raus sl s
wle R cansss slaains 4wl il 5L ouieS ol b abllic
J onl b ogs aaxle [Yolmi) o 5 [YE] (Amelia) LL

9 @Lﬁjé B> 6)4‘]&4‘ 9o B | él.l) oupf Cnns as @LA)

358 il Sl bl 5 Sl slae el (saizais ) g

555y S5 g5 PerFit ey 55 il sl ol
&bl =)l Tpbis Tobis
& yalybb o),lg0 C.Sato C
& yalybb i,l90 G.Gnormed G,G,
RN =)l AKB, E.KB, E.KB A ED
Gl T U3, ZU3 U3, ZU3
& yalybb so3)lse Cstar cr
Gzl SRS NCI NCI
Syl ilsd HT H"
s bbb =5lsd Gpoly G"
&l bt PEggIReeS Gnormed.poly GY
& kb byl U3poly use
L) =5le Iz L
sl ) Izpoly Iy
e o3)lse Izstar l;
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R> set.seed (123)
R> cutoff (Ht.out, Blvl = 0.10)
$Cutoff
[1] 0.0072
$Cutoff.SE
[1] 0.0058
$Prop.flagged
[1] 0.152
$Tail
[1] "lower"
$Cutoff.Cl

2.5% 97.5%
-0.0062 0.0156

:flagged.resp U

flagged.resp(x, cutoff.obj = NULL, scores = TRUE, ord =
TRUE, ModelFit =
"NonParametric", Nreps = 1000, IP = x$IP, IRT.PModel
= x$IRT.PModel,
Ability = x$Ability, Ability.PModel = x$Ability.PModel,
mu =0, sigma = 1,
Blvl = 0.05, Breps = 1000, Cllvl = 0.95, UDIvl = NA)

gl 4o HBaisd Q}.o)'" plas” as S o ateine U ()]
Sy b 0,8 b3l solel (6,15 0z b (sl Sy el
oy

R> U3.out <- U3(ZistData)

R> set.seed(72)

R> U3.cutoff <- cutoff(U3.out, Blvl =.01)

R> flagged.resp(U3.out, cutoff.obj = U3.cutoff, ord =
TRUE)

$Scores
FlaggedID It3 It21 It15 It23 ... 1t47 It13 128 1t27
PFscores

[1] 99 0 0 0 O 0 0 0 0 07310
[2] 130 0 0 0 O 0 1 0 0 0.7080
[3] 345 0 0 0 O 0 0 0 0 0.7822
[4] 412 0 0 0 O 0 0 0 0 0.7837
[5] 421 0 0 0 © 0 0 0 0 07873
[6] 478 0 0 0 © 1 0 0 0 07049
[7] 507 0 0 0 O 0 0 0 0 0.7488
[8] 549 0 0 0 O 0 0 0 0 0.7366
[9] 589 0 0 0 O 0 0 0 0 07120
[10] 6070 0 O O ... 0 0 0O 1 0.7374
[11] 6490 0 0 O ... 0 0O O O 0.7031
[12] 6830 0 0 O ... 0 0 O 1 0.7023
[13] 72 0 0 0 O ... 0 O O O 0.7261
[14] 7690 0 0O O ... 0 O O O 0.7873
[15] 7780 0 0 O ... 0 0 0O O 0.7057
[16] 7970 0 0 O ... 0 0O 0 O 0.7388
[17] 8220 0 0 1 ... 0 0 0 O 0.7044
[18] 8640 0 0 O ... 0 O 0 O 0.8643
[19] 870 0 0 0 ... 0 O 0 0 0.8760
[20] 9310 0 0 O ... 0 O O O 0.7313
[21] 960 0 0 0 ... 0 0O 0 1 0.7222
:PRFplot &b

PRFplot (matrix, resplD, h =.09, N.FPts = 101, VarBands

= FALSE,

VarBands.area = FALSE, alpha = .05, Xlabel = NA,
Xcex = 1.5, Ylabel = NA,

Ycex = 1.5, title = NA, Tcex = 1.5, NA.method
"Pairwise", Save.Matimp =

FALSE, IP = NULL, IRT.PModel = "2PL", Ability
NULL, Ability.PModel =

the print (flagged.resp .cutoff [PerFit.SE PerFit.PFS

plot methods in PerFit summary

PerFit.PFS =0

PerFit.PFS(matrix, method = NULL, simplified = TRUE,
NA.method = "Pairwise",
Save.Matlmp = FALSE, IP = NULL, IRT.PModel =
NULL, Ability = NULL,
Ability.PModel = NULL, mu =0, sigma = 1)

il ool S0 ) i (sl el PEIFILPFS wls
S oo @l Olojea jsbar ] 03

R> PFS.out <- PerFit.PFS(ZistData, method = c("U3",
"lzstar", "Ht"), simplified = TRUE)
R> PFS.out

U3 lzstar Ht

0.2962 0.0578 0.1237
0.1859 1.5706 0.1793
0.0848 1.8427 0.2426
0.3654 0.3611 0.0649
0.3104 -0.5771 0.1093

abhwNE

Slyad @l |y il s bl (slallas PerFitSE s

ol anyl 3 ol S e dmlne X s 0 0,8 Uil sole]
Bl L ools saegaze 2 glp 08 iiln loolol (sarule
3 Gl ol glons 3] Jlioas (= 1,y 1) Jlgas Lyl

55 oisd ge3l o gl w08 Gaily sloo)lol | ppolie alis>

el 0010 (g4 g0me
R> Ht.out <- Ht (ZistData)
R> Ht.SE <- PerFit.SE (Ht.out)
R>Ht.S

PFscores PFscores.SE
[1] 0.1237 0.0591
[2] 0.1793 0.0598
[3,] 0.2426 0.0720
[4] 0.0649 0.0459
[5,] 0.1093 0.0591

cutoff b

cutoff(x, ModelFit = "NonParametric", Nreps = 1000, IP
=x$IP, IRT.PModel =

x$IRT.PModel, Ability = x$Ability, Ability.PModel =
x$Ability.PModel,

mu =0, sigma =1, Blvl =0.05, Breps = 1000, ClIvl =0.95,
UDIvl = NA)

S5 o, 3 cabks S laae b oo = o5l @L’i Qé‘
308 5l solel polie oS 35515 oo sl i 5| s
Slylo g 6 I35 w2 4 b el e I i b v 50 dige
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=1000, Cllvl =

0.95, UDIvI = NA, Type = "Density", Both.scale =
TRUE, Cutoff = TRUE,

Cutoff.int = TRUE, Flagged.ticks = TRUE, Xlabel = NA,
Xcex = 1.5, title =

NA, Tcex = 1.5, col.area = "lightpink™", col.hist =
"lightblue", col.int =

"darkgreen", col.ticks = "red", ...)

sabaseine 0,8 il slaoslel polie oy a3 ¥ loges
L I&s ol Sgnnn ams oo olas |y PerFit (IS X o & lawgs
lo 4035 LType leg 1) cansl oSl Sitoles 90 50 5l (oS 5
(Y Jlsged) ("Both" o "Density" (default) . ""Histogram"
plot(U3poly(data, Ncat = 2), Blvl = 0.01)

VEN Jlo ol o3l g9 0aisS <835 (lazsi 0,8 (A3l sl o Lol

"ML", mu =0, sigma = 1, message = TRUE)
Ghed sl 1, el Ll 3 55l sbeo,lel PRFplOt als
onl A oo o 5 TESPID oy 0 e slwlids HBaias yges]
n3lie o Jsb oo 098 (o0 Jlosl (o519 slaosls (s Ladd 6
w23 oo ol |y memms uly Jlotal polie o 258 j92e 5 51900

O Lloge3)
PRFplot(ZistData, 1000, VarBands = TRUE,

VarBands.area = TRUE, message = FALSE)

: PerFit ¢l plot s,
plot(x, cutoff.obj = NULL, ModelFit = "NonParametric",
Nreps = 1000, IP =
x$IP, IRT.PModel = x$IRT.PModel, Ability = x$Ability,
Ability.PModel =
x$Ability.PModel, mu = 0, sigma = 1, Blvl = 0.05, Breps
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