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Abstract

A critical aspect of the field of measurement and assessment is identifying the
consequences of any violations of the assumptions inherent in measurement models.
Understanding these implications is important for ensuring the validity and
reliability of assessment measures being used. The primary objective of the current
study was to investigate the impact of test dimensionality violations on equating
errors in both item response theory (IRT) and classical theory models. The research
design employed in the study was experimental, utilizing a 3 x 3 factorial design to
uncover the effects of various conditions. The study's population encompassed all
Mathematical and Technical Sciences Entrance Examiners from 2017 and 2018. To
ensure a representative sample, 5000 examiners were randomly selected and
included in the study group. A Mathematics test consisting of 55 items was utilized
for equating purposes. Through this test, three distinct data structures were
generated, namely one-dimensional, two-dimensional, and three-dimensional data.
Data was equated using a combination of three methods: the equipercentile method,
true score equating method, and observed score equating technique. Utilizing
metrics such as equating standard errors, bias, and root mean square error, the
impact of independent variables was assessed and evaluated. Data analysis revealed
that the violation of dimensionality has a significant effect on equating standard
error, biasing equating results, and also increases root-mean-square error. To
guantify the extent of this effect, the equating results were repeated 100 times in
different samples for all three datasets and three equating methods. The findings
indicate that violating dimensionality has a similar impact on equating errors,
regardless of the equating method being employed. Moreover, there is no
appreciable difference in the effect on equating errors between classical theory and
IRT models.
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1. Introduction

Given the significant implications that fateful tests can have on an
individual's future career, it is crucial to prioritize the elimination of
bias as a top concern in the field of educational assessment and
measurement. Ensuring fairness in testing procedures and outcomes is
essential for maintaining the integrity and validity of these assessments
and the decisions they influence.

It is crucial to emphasize that one of the primary indicators of
fairness and impartiality in testing situations is the maintenance of test
question secrecy until they are administered, as highlighted by Arikan
& Gelbal (2008) and Kim (2000). To safeguard the confidentiality of
the test questions, it is necessary to administer different test forms at
different times, ensuring comparability between diverse candidates
through these varied forms.

Equating techniques comprise statistical and psychometric
approaches that are utilized to standardize scores obtained from various
test forms and to make them comparable (Dorans & Holland, 2014;
Meng, 2012; Zhang, 2012). Complying with a specific set of
assumptions regarding the data collection plan and equating
characteristics is critical for appropriately applying equating methods
(Kim, 2018). One of the prerequisites for equating is the
unidimensionality of the test, but this feature is frequently violated due
to factors such as fatigue, test conditions, cheating, guessing, and other
aspects. Although the Item Response Theory (IRT) model is resilient to
violating the unidimensionality assumption of the test, disregarding this
assumption entirely cannot justify the use of unidimensional equating
methods. Such violations can introduce bias and errors in the equating
results.

2. Literature Review
While research has examined the influence of dimensionality and
various equating methods on equating performance (Hirsch, 1989;
Cook, Dorans, Eignor, & Petersen, 1985; Camilli, Wang & Fesq, 1995;
Ricker, 2007; Brossman, 2010), the results of these studies have been
inconclusive and lacking in clarity. Moreover, the nature and focus of
these previous studies differ fundamentally from the aims and methods
of the current research.

Given that in Iran, the performance of equating multidimensional
tests through the application of unidimensional equating methods has
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not been thoroughly investigated, and traditional studies have solely
employed unidimensional methods, the current study aims to assess the
equating errors of different equating methods in both unidimensional
and multidimensional test scenarios. This research aims to shed light on
the accuracy and validity of equating methods in various test contexts.

3. Methodology

In terms of the research methodology, the study employed an
experimental approach with a 3 x 3 factorial design. The research
population comprised candidates from the departments of mathematics
and technical sciences who participated in the national entrance exams
in 2017 (totaling 148,429 individuals) and 2018 (totaling 144,437
individuals). The utilization of this research design allows for a
comprehensive evaluation of the equating errors in both
multidimensional and unidimensional test scenarios.

The analysis encompassed the responses of 5000 candidates from
both years. The mathematics test contained a total of 55 questions.
Three datasets were derived for the purpose of the study, each
consisting of 20 questions representing a one-factor, two-factor, and
three-factor scenario, respectively. SPSS software was utilized for
performing Exploratory Factor Analysis (EFA) using the Principal
Component method. NOHARM software was then employed to
confirm the results obtained from EFA.

For conducting equating using the percentile method, the Equate
package in the R software library was utilized. For equating using the
true score and observed IRT score methods, the Itm package in R
software (Rizopoulos, 2006) was first used to estimate the question and
ability parameters. The estimated parameters were subsequently
entered into PIE software (Hanson and Zeng, 2004). Microsoft Excel
software was then employed to calculate the equating error. The
equating performance was assessed through the utilization of three
statistics, namely SEE, BIAS, and RMSE. To calculate equating errors,
previous studies have indicated that a repetition of 100 repetitions is a
reasonable consideration.

4. Results

A two-factor analysis of variance (ANOVA) with a 3 x 3 design was
utilized to investigate the significance of the influence of
dimensionality and equating methods on the Standard Error of Equating
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(SEE). The analysis yielded a significant impact of dimensionality
alone (p < 0.0001, F = 11.58, n? = 0.114). The subsequent Tukey's
follow-up test revealed a significant difference between the types of
unidimensional and two-dimensional tests (p < 0.05) as well as between
the unidimensional and three-dimensional test types (P < 0.0001) in
terms of the standard error of equating.

In terms of the percentile method, the highest level of bias was
observed when equating three-dimensional data, while the least bias
was present when equating unidimensional data. A two-factor analysis
of variance indicated a significant effect of dimensionality (P < 0.0001,
F = 20.18, n?> = 0.183). The outcomes of the Tukey's follow-up test
indicated that there was a statistically significant divergence between
the two types of unidimensional and three-dimensional tests (P < 0.01),
as well as between the two types of two-dimensional and three-
dimensional tests (P < 0.0001) in terms of the degree of biasedness.

The magnitude of RMSE in all equating methods was found to be
higher in three-dimensional data compared to two-dimensional data,
and in two-dimensional data it was higher than in unidimensional data.
A two-factor analysis of variance indicated a significant impact of
dimensionality on the RMSE (P <0.0001, F = 15.38, n** = 0.146).

The findings of the Tukey's follow-up test revealed a statistically
significant divergence between the two types of unidimensional and
two-dimensional tests (P < 0.01), as well as between the two one-
dimensional and three-dimensional tests (P < 0.0001) and the two-
dimensional and three-dimensional tests (P < 0.01), indicating that the
RMSE values differed significantly across different test dimensions and
equating methods.

5. Conclusion

The study demonstrated a significant influence of dimension on SEE,
BIAS, and RMSE. However, the interaction between equating method
and test dimension was not found to be statistically significant. This
implies that the effect of test dimension on equating error metrics
remains consistent regardless of the equating method employed. In
conclusion, when the assumption of unidimensionality is not met, the
performance of equating is negatively impacted, as evidenced by
significant differences observed in SEE, BIAS, and RMSE between
different test dimensions and equating methods. This indicates that
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increasing the number of dimensions in a test causes a corresponding
increase in SEE, BIAS, and RMSE.

The current study's findings align with those from previous research
by Spence (1996), Patterson (2014), Ricker (2007), and Lim and Lee
(2016). Within Item Response Theory, if unidimensionality is violated,
the conversion of scores from one test form to another becomes
dependent on the population tested, thus disrupting population
invariance. As a consequence, equating functions derived from tests
measuring different latent traits differ among subgroups of participants.
This violation of unidimensionality leads to an increase in equating
error.

The violation of the assumption of unidimensionality has far-
reaching implications for equating results, primarily due to its
disruptive effect on the assumption of local independence. This
compromise leads to several issues, including inaccuracies in maximum
likelihood estimation, imprecise estimation of Item Response Theory,
inaccuracies in estimating the item characteristic curve (ICC), errors in
scale conversion, and incorrect placement of parameters on a common
scale. As a result, there is a risk of misestimating the test characteristic
curve (TCC) and question fit in true score equating, as reported in the
research of Ricker (2007), Zhang and Stone (2008).

In the study conducted by Kim, Lim, and Lee (2019), they found that
the unidimensional bifactor model within the Item Response Theory
framework was found to be a suitable method in situations where the
degree of local dependence among test questions was low. This
suggests that the bifactor model is better suited for handling local
dependence in situations where unidimensionality is violated.

The research indicates that the structure of the test plays a crucial
role in the quality and performance of equating. If a test has more than
one-dimension, traditional unidimensional equating methods may not
effectively handle the data. In cases where unidimensionality is
breached, the study suggests exploring alternative equating methods to
ensure accurate score comparison and equivalence across different test
forms.



ISSN: 2252-004x

EV=V NEeY QL;«JU 01 OJLQn:l Ne 093

elISSN: 2470-6240

253 Alis Al £

WA/ A 16,530 sl YA/ /YF il 53 76

o 36

LY

Mgl yB ¥4/ 5/T]

AARAVEA VAT

Skl o Sallas 10 Hg03T 09 (SAweT I Jasd s
Dl 9 Gonly 1 4 55 S ot

.[)lﬂ'l ‘U‘J.gﬁ ‘&LJ’LJ; e e@.’b’l) ‘ng.;fbjlv\il 3 u:“"““‘ oy Lg,?{:

LT oy dvows
s.bahmanabady@yahoo.com :«.tL|, SR %

‘&Ll:w e o\i.i.;]) ‘Ls):fajl.ﬁl 9 o a))f JL;..‘ZJI} :J)—.‘«.ﬂ ol oF

¥ (.o (al s
3 5 Audd Loyl
falsafinejad@yah00.co.UK :4slb 1, .01 1 Ol g5 s 2

Ol L e glblb adle o&ails o Sojlhl 5 romw 055 Ltils

farrokhinoorali@gmail.com :asbl|, GRS
U])z‘ 5Qb.€5 A@Lbk.b e QK},}]; id;o)l.\j' P 5 o~ a}f )l:..f.}b u . ‘
asghar.minaei@yahoo.com :«bl|, e

e LS

G803 5 i o) g 53 ool (gladaes 1 (6,8 o5l (gladde (slaass 5 ie 51 s Cdlse lulis
w53 Gl gen o 53 D3y WSS Ads b Lk JEE adles ol Eagh s (Sl
Jozin (LT ansle 3 WY lele = b 0T & b 5 (tal3T sy ()25 grly I s 5 oSS
Br e Sl pad jloslinal Loy VWAV 5 1Y48 gladle (g pml o 5 5SS 558 5 oby 05,8 OLbgls kS
ol Sl b 3 Yo 031 45 gazes a6l 5 ST (N300 00) (2L 5 05T 5> DU ss 51 i
S down (5Ll e (5o s 3l aalinel b oals 4 saze dun a A LSS (Gulman 5 (Sl 93 (eSS
s Sl an ey e 3 oddocalie o i (5Ll e gy 5 el Il g 4 5 Bl 0 pad (g5 e
3 68 g sl e 3ylblenl slas slae )T 1 g5kl en (slain, 5 Cuda SIS 2551 s
50305 48 gazmn a2 3 (5Ll e gl el (SlaesleT s 51 5 L Lt s o o ol sl
3 a3 o7 5 OLES nosls Jowt s o gl 1SS 5L Ve e Calibes (Lo gos 55 (3Ll 2en gy 4w
R s e S0l ) sidn O e 5 (553l el (68 e (3 351kl (sl (ke
45 sladie 53 5 @5kl en Caliiee (la iy 53l e glallast 55 o I o 5T L das e

WL G384 5 S

aja.l LS)LM:)'JJAA 4CMJL: d‘}«: 4{}@ L;\EU oju. LS)LM:)\);Q.A 46.,\-\.:;{3 u.ai: I\Aaj‘;.\._-ls
ol e s lbial glas ‘SM(..A Sl en oddodalis
EEINQ ) 0 I S [ LV A g I - N P L SN E P IO u‘ﬁb\{TM o Q‘.’.‘ 4 sl

S oI aalilas KNS 5 &b g 5,15 gladie 65kl 2o (glalless 55 0 5037 05 90 (eSS 51 osss
https://doi.org/10.22054/jem.2024.49153.1991 £\-V (0N F ¢

Sl wle oKesls Y415 ©
Sblb a3l o&sils :r:)ls



W O, 9 @obT ng | o 05037 03 91 ST 31 oo 25

doadio
Sds w33 Jrd o T 5 (S Gl i 00T Sl ($5bpranat
3 S LT wlivate gl 2l 5 (6,8 g poe 1 Oliebsl 550015 (Aas ol 5 b o
ol olas 51 Sl (gl oLl s e o Slallas Lol slacs Il
S sl 5l 5 B 6 03T 055 6le s D 33T SIlde 5 bl e
$le e Cg> . (Gelbal & Arikan, 2018; Kim, 2000) ol 0T V5 ods 26
Lap 3 ol 9358 ol Caliben (glaisle 53 0 53T Calien (slap b ol o 5Y Y1 50 OLe
oS ol San e L e pl 525 by Las ol 5 1) ks QL 5l s lie SbB
S ol s Sy g 1l 53 5 el 5 S (6l 55 31 T 0505T (slap b
Sl fon SLESUSS das Fraly Slsda 05 e s 35037 50T o4y o sesT
slap b oaTwsas Dl jod s (gl &S ded 2eiwOlyy 5 LT sla s,
s# A o3lials; go QLSS lgmn b (o0 5a5T 03,8 alin b 5 0 g0 3T Calies
.(Dorans & Holland, 2000; Meng, 2012; Zhang, 2013; Chen, 2014) v\sﬂf

el 0n3T A i (lap b Dl el pime e sl S En G52 Sl en
Slap b Dl b 05T 0 6 51 Dl e 0055 plnil G35 5 sbay (53l fas il
Sl 5 (WYY cosljpdie $SIMON, 2008) 351 al 55 Anslie 5 4 slan b6 05037 5o
Ol 5 o sa3T (5lesl pen 5 s pdiamlin 38 o0 L0 b5, s Oolail
Olidss ezl (K 0T (wliliOlyy cemsl lasylblnl &8 Sl Hls, s eanl
Llos,S aST (V484)T 2555 25T 53 (6,5 o5ll o slysi 5 " o 8 seT
15 on oS 355 0n o3l 5 LT o Cons 4 090 3T Ciliie (slap 3 51 Do oS Ko oS
23 ool ol gl gy rlem Aalph 5 plate il 03 S e3lial oa (sl | g 3 0!
.(Kolen & Brennan, 2004)cs 4

23 Slbgse Sl glasseme Suley gl (Sl en la ) S S
33 S Sl bl (5L e 6u§233uo>|>5)3T>jfcjb P
S (Kim, 2018) LS e a0 JSKin b 1y (5l ren 83 c ol ,he ol Cule,

1. American Psychological Association (APA)
2. American Educational Research Association (AERA)
3. National Council on Measurement in Education (NCME)


http://www.apa.org/index.aspx
http://www.apa.org/index.aspx
http://www.aera.net/
http://www.ncme.org/

VEE Ol | 05 oyl | VF oyss | ao i @ Sosll | 1§

olgon (S s ol bl (ol 03057 0351 (eSS adghe uley clads 5ty nl
2l s oo 0B 0505T (18 5 Lol b ¢ S Osmpen il Julpe 36 oo
r.)...:, ola0ls,y 65 55 (Kimetal, 2018; Lietal,, 2012) 5 33 o 28 Jul go
Ol seas 1y LOT Ol 5 soi 5 0ds © semmn Sebmbizr Bale L0 5031 51 50 55 S5 5
2L 05a5T &G Jlae (sl (Kim et al., 2018) 5,5 i 55 (cdneSS slad sa5T
Cnlin ¢ O1F o 4 s o )l ot g0 1) drlone U5 &l e
o ¢ el 05 05037 K 53 e 13513 5 o0 5 Ol QLIS 5 ke
s, ,”L;) e 855 O& 51y LUlg e Sl b el § SUls i
L Lo gesT cpl 035 eSS o e 53 015 s eaninlil 358 0 St 55 S5
3303 D gLl Coabd

033 GRS a8 4 Cod @350 b Gy I 45 ladis sy oo L5 4
Sl by 3l ealizal 33 8 [aE IS by ab s e oyl el Lol dizs o 5lie 0 53T
sshe b o bt 5 (5 s 4 e 5 038 ar S BB (3l s SuneSS
L3 )8 51 sl s Dl 1 GAnSS a5 40 255 .(Brossman & Lee, 2013)
bl 5 AET (U5 5 Jige 5557 S35 Jij 2515 Ogmed ol Sl 4l
sy o8kl e 53 GumeSS ladde 5,8 ols, 5 (Chen, 2014) 5,05 & 5057
3 dsine tmtir 5L & aandge 5> Sl Siamie 5 58 o0 (1B 1S
e 25 L (Se0 & Weiss, 2015) Coul odd @l A3 53550 (ol silata
IRT 55 el goaskir 03057 o7 o) i 47 blodomy ams ol 0 01 Sia 53
(Lee, 2013 ¢Lee etal., 2014) 3 45 oo (s5lujl fan gl 5> SEsa ouie GUnESS

i 5315 03lu 5Ll b (gubmlir Bl 0 0 (5Ll fan 2 55 (2018) Kim
Ricker axflas 55 .l 0303 Olis (g (S0 5037 &1 G J goms sla 5355 L
253 8 a o3Il o5 s &S e SV o oS 80 (g5l 31 2en (2007)
slaas 457 Olimen 31> oLz (1996) Spence .sls ol Casglis 059 eSS Lok
2 3 sdn b Sl fan y dmin Bl sy VU 05T 55 (s DY 5
Jos s Gdmdir laesls Gl gl gladde ;5 9 (2014) Peterson s
5 Azil 6t 5 Shes (eSS bresls gl eSS gladde oS Jl= s L5 S



V8 | 01, 9 @obT g | oon 05037 03 90 G ST 31 oo 25

o pos (Sl men gy cOga)T slal sl 1531 L ST sls olis (2011) Andrews
2015 (5 7 3 Sas GUnESS (Sl s 4 Camd (Smir el Ul 4 55 olbotalin
odbodalie o 5 (il 0 o (Gl e (6 ST Sl el sl bn sy (B ol
Lim & lee,) sls 0Lis |y colazsl 5 ¢S i sla fale (6 pds o 5 Jale Jb it
51 Wesls 03 gdmdiz Aol 31 e (1995) 01, Kan 5 Fesq al asdlas 53 Ll (2016

Sl en Sl S GunSS 4 e Lal cp 3 5 Uil 45 0 ele oo 3
Wl g 0y

Dorans and (s g §4x eSS a5 e ais lis 55 IRT (gladie Counslin a3 o
o) St o) (6 ulyb 4w IRT Jie 53 &8 Lidewy 4 ol 4 (1985) Kingston
VB ) 5,13 055 IS (A 4 S (5 i uslin (8l 0 s (5Ll en
o i 3Ll fon 55 OV a g (Saly el ¢l 1 053le (Fesqetal., 1995
s> -(Chen, 2014) sls OLas Hls 2ae 5 ) g 4 b5 oddoalie o 5 gadlg
b Fely dlge 4 b (8ly 00l 5 edlisdalin o pad (il e glacalls 5 Ooyls
2 (KT sal&ails 3 pdy 05 5 (Bl slaosesT 53 &S daes (55l 2en
@L:;;\é.u\iJ\}ﬂq,l;;amo.uu“aﬂjdéljaﬂ‘_;,'ujtjmsgﬁowvfu
(Han etal., 1997) ol Hls) 5 5 &S dezan 65kl 2en & S 5 SLL

Caliee Sla by S5 Codm Sl s Sl g 5s platas el 0o, e
Sl e 3> Shoe oot 5 S 4k 5 mal Jiw 4 (5Ll en
Sl 4S5 «(Fesq et al., 1995; Brossman, 2010 ¢Hirsch, 1989; Cook et al., 1985)
Oromad (Kilosl LA 1) padeia 5 phg) bl b iass e S Sl plar S
laosls O gl Oljen sbar Sz el Sslite ol Bas5 Lla e ol Coale
et e @ a5 L LLloslds 13 e 1) (dmdinr 5 eSS bl b Calise
Sl e 3 Sas Ol pl 53587 53 Sal @ 4 5 b5 Olgrr whaw 55 b gy il
5 Sl ot e (uneSS sla b, Sl eslimal Ll 8 s gl sl se3T
pokia) ol ok o3zl (g antST sla g5 51 o staplonil (sla ta s ples )3 08T
WA Glals Sladly OFAY (gdems 0L bLE OTAY (3 Jlsd, OTAY sl
23 S5kl ren Calies o g5 5Ll e Glallas auslin 5 gy 5 4 Sl sl



VEF Ol | 05 o)l | VF oy9s | ao i @ Sejll | V5

gl JLs a4 ol g cjil.a;))l..&q D315 AL L;.\;u;{: o ;T
6:.5‘) L;Uha:‘: )l oslar! 9 Cod dew‘ by calideo 03l Cy A )‘ oalainl U':"Aj}i tﬁ‘
Ll 5lwans glaesls gl>a

X3
siie 53 0T 33 &8 55 ¥ 0¥ Jalo # )b tans b 5 calT Rags Sy
L) 3Ll men Ba5 5 (Gt 5 (Sun 93 ¢SS pebaw dn 1) 050 3T oy Jits
30 5 IRT sddiodalin o ai (5Ll en dIRT (adly o 108 (5l jian 29y pelaws 4
B 5 B pate 0n 8 Db sls adST A sy (55l e gl plsi (¢S aan
amalo B VFFFFY L L) V¥AY 5 Ga VFAFYA L 1) V49 sladle (6wl iSCS7
2L 05T 4 dle 55 8 Ol ols 51 &0 ?gsbaa\a)xalaw\)ﬁjk
Sl gl S F U5 00 slyls bl 09037 123 5 15 andllans s go (gl oSS
Sl s 8 gl il hasn Ous w a5 b e Yo osls as pezme w0 OT 518
do a8 BT ol o 0 ga 3T OV 5w IS (51 12 o313 42 sazea s 2 Sz
Qo y3 5oy ldis O gmer Caltbes SLES D bl 1) CIe s S5 oS JIgu Yo
2> ks 4 S L 55 GuadSS 0 ge3T Ol yrear (disls ga 513 omies s e g il
35 5 as 15 ey ge Iy e le ¥ a8 ws Sl gl 84 JIge Yo dm Al e
] cbﬁf)\f; iz y ge Wosls 53 LI Jele v 4576 gouias JIgw ¥ £ 5= a> 0
Fraser & ) NOHRAM i3l 5 Sl laesls slal open 51 2k Oliabl S 2
5 Sk Glaeshs slal sl 53 H153le 5 ou) 035 lis L5 4 (McDonald, 2012
O9a3T y3aS Sl S3a PN A eslanal 551 95 glaests s (6l O 039 Lide
0315 40 sazee 4w a3 Jlg ¥ 51w VA5 Jle 53 5 I 0 slda VYAV Lo 5L,
05031 53 (Gdwaw 3 s (SdudSS) edslbml 0315 48 sazs 4w 39 &S i
s 535 slae slaog 5 b Sleslizal LAY 595 Jlu 53 (5l 5SS 5L
a8l 0 e (g5l e g eddodalin o (55l e (S daan (6Ll en
S S OB L35 5L 550 Sles 8 53 edslan slaes £ TP 03 LS Sl e ey Ul s

1. equivalence group



W 0, 9 @obT g | e 05037 0390 G ST 31 oo 25

ssbhie rags ol 5300, 8 a1y 05T 03K 055 A 5 Nigh or (5,5 4 g anelr
Slap 3 YAV 5 IF4F ladle 55 45 ol U1 OB AS Sl ey 8 93 )
zb o> (Gonzalez & Wiberg, 2017: 11) Llesls el 1) (50 Ose) Calibes
Slses A3 4 65U (UIRT) gy Jljer 4,5 unsSS gladite b dolae (slaes 8
SLSS Cama o5 5515 s i 0315515 S8 e e 53 5 elie 035
mdﬂwjlwgaﬂ»\whﬂ\f,pﬁmML:;Q,%JUU,\;\@MC\;M
.(Kim, 2018)

2 ol sbadlse gy 4 SLST ale o 1 o5 05T bl ol g
Slde 5 (&85 51 38 55 o35 slie (slacS Do Sl eslizal L 5 s 63liul SPSS i j3le
03031 sbal slaws o sz 55 (Lilsls deo)s 0 51 i) 05031 JS wiliols s
235 15 b s w350 NOHARM Lisle i b sl 5 A a3 8 o
54 el R 15l 5 5 equate w5 o3l b S a5y 4 baosls (g5l )l an
o 2ol 1l ART edlodalin o jad 5 28150 ad 29y 93 53 Wesls (g5l jien Coger
ol 3y »R AN 3le 5 > (Rizopouos, 2006) It we 51 eslizul b oUl 5 5 Il 5m
Sl fen plnil g (Hanson & Zeng, 2004) PIE i le i 55 b byl ol e
NBle s 55 @5l men sllas glad e 5 1 bl L Uas (glaoleT 3,57 b 51
S g 8 50, EXCE

e o)lT ptr 0T (sl Ol mnd 5 (SSlujlien o5 0551
slalas Jals (g5Lo3l en Al b 53 ool (slalls (ol 8,8 513 01 Kaass
<5505 «(Kolen & Brennan, 2004; Zhang, 2012) Az.a V‘L’ sl 5 sslas
Calizee la jhyy Lilsy oS Wb bl SUsl Gl gbeSDe & Sl (6,5 0
:)\.UL“L.»‘LgL!a}Lngo)LATLbQTJJSr@Acm&\i})\UQ}C)}}Ja\).}bsjbj‘}w
&y &3l zes (BIAS) (5,8 g ¢ bolas gla o5, sl (SEE) (g5l 2en
sy RSMED (giljlmen ot mpe :Kbe Hodms 5 olie slas b5
Kolen & <Lee, 2013 ¢Zhang, 2012) ol 3lujlien JS &ds (5,800l
3,1kl Col ol Ol gieas (g5 )l 2em 5,lkinl (gles .(Kim, 2018 ¢Brennan, 2004

1. Equating Standard Er
2. Root mean square error statistic



VEE Ol | 05 oyl | VF 0y95 | w3 @ Sojll | VA

S o sad 53 Gl en Wulp 6K (55 LI SS (b s eddlres Dl
3 (ptetia 2l (85 1SS G s s e i (G5e5T (Slaanelr b anelr
LY p 5 ol 5l ten Sl jad o ¢ g0 Ol analr 51 B3kl 5 sbas a 335037
g on 3l en 3Ll en Eas S5 eslinel b Ol e (il - law 53 X g3
Y C}auju)'\)ma\ﬂ;,\.utw\_b\fal‘clmﬁ,; Gl e 5 lkal (gl
Sl gline 4 (6,8 s ((Kolen & Brennan, 2004) cwl Calises slayl SG 53 X
Sl gos 53 (Gl pen mmls Calibue Loyl ST 53 0l as Sl e oSl llas
Sl ~ 0 Ol o 5l amaler 1 oaTuny (5L 2en o ped I Caliien
Wd (3L e 351l (glast 5 (6 S8 g 5 gome § sazmn 93 Ak 35 (5Le) e
oyl aw 51 0T (gl a5 (S5l 2on 3 8o LS| S ol tas3 5o
= RS plis o (gloo)leT I eslizal & oslizul RMSE 5 BIAS (SEE
Sl galaie 5 gba byl S5 sluns b gyl el Calises (o sod 3 (5Ll 2en
S5 el g Bl s 3 el el (6,8 6 se gla 5 S e b0 S
Vo b esba)l en Ooladllae aiy s db oslinal Liagh ain 9 L8 Olalles i Las
1w 5Kk 4 a5 L (YY) K15 Srags 5o oSl 48 8 515 Jaide ) SO0
sk 03 b S s (gileacs 6l ST LT S sl tass s LSS
Lim «(2018) Kim «(2018) Lu & GUO sla_jza 3 55 50+ la,l S slde (2013) Lee
w3 8 b s gdmdiz slaesls U 5 g 1SS LY sluas (2015) Shin 5 (2016)
Gl s S L5 Sldlas lal s 5l ST LY e sl 5 ol iagn 5.l
2o (3l fen s 03 dmglie BB g Sl ot 43 8 L5 55 (g5l en
36,8 wges Al claesls Ay Anl b dd ae okl blinl glao,leT I eslial
plol g PIE 3 basysT 0 03l 515 cls byl 3,57 2 s, dasl SS sl dlaesls
OLSS 0303 48 gamn aw )3 5 b Sy aen 53 (bl (glaatus 1 oslizul 5 (gl zan
AL
laasl
o5 dader 53 WA Jlu 5 1Y% Jle OUbsls 65,8 593 53 bl Sesd Ol e 5:Ske

el o]



4 | 01, 9 @obT g | e 05037 03 90 G ST 31 oo 25

2l 0sa31 o3 55 55 b B3 g3l S el o 5 sla el ) Jgd

SEIS Sty S slbul Gl oSk oyl V5
VAt 1/0) \0 0 ¥/ S
VAA VY N 0 Y/8t YAY ATy Jl
AR /T ST 0 s YA ATl e O e
0/+4 YAY 4 0 /AT YAY vy Ju
g/0A VAT Y 0 v/00 YAV ATl e O g0l
Vet YYY Y. 0 Y/AA \AD WY Jle

AP Jl s (eSS Ose3T o S5h oo odalin B Jod> j5 S sbolea
bl VWAV Jle 5o 5 Y/8F 5 ¥/FAL s 5 4 Sl jed 5,luilenl Ool il 5 o SGLa
WAF Il 5 O ad 3,1l o ol 5 oSk 3 (hms 93 O g0 3T 3 ool W/FF Y/ Y
S 5031 53 535 VAT S Y/ YL s AFAY Jle 5 s YOF 5Y/ 0V L Ll 5 o
Jle 53 9 Y0 Y/ L ol o5 5 4 W8 Jle s Ol el 3 Ikl Col il 5 Kk
S YA SY/Y L 0L vaY
oo ) andlans ) ge 0515 a5 gazes dus Slasl el g candllans s po (slresls 5 03T kel
(ol ok o3lizal SPSS lle i 55 ol slaailse gy 4 SLST ale fo
okb et byl i ol s el (slasl s g NOHARM 53l 5 51 omas
03 WAV 5 WYAZ JLe 95 55 Wesls Jgl ae sames 55 day el 4 b g 10 @Lﬁ (L oslazal

el o daT £

G ST glaesls 53 das o Law g sl el bl Sl 5 Waesls sl 5 sl slass Y g

\vay Ju ¥4t Jl b Lle
okl s Aopy ey Jlde oLl s Aopd ey lda
s bl e bl
Yo/ Yo/ 0/+Y Y /va Y/va o/Yo \
ARVARY AYAN% \/Yo YYy/Ag VAL \/YY Y

¥/ oY VY - - - ¥




VEE Ol | 05 oyl | VF 0y95 | w3 @ Sojll | ¥

Jsl a8 gazen 55 03051 V15 5 Laosls 34 oo odalive 55 Jod j3 &S, sbOkea
s gl ole ol 93 ilus 48) LI ule oK &7 Sl o Sl (g g 4 Laesls
Wl (ST nosls Ly (ALY 1 58 55055 e (sl 5 Ailed S 15 JST Ll
53 g0 Al 1y asls ol 05 meSS 55 NOHARM Si5sle 5 4 by o ol
b e WY Jlo 0 ge5T 3 baoile Bl S ysidome § saze 5ltie NOHARM 13l 5
e 55 5 sl /00 Y gﬂlj(RMSR)‘\A,.\;\AL;;\{Q\,j@&_isgﬁww,,~/~~\~
S S 0T Sldie 4 84S Cawl /0 0¥ 5 /Y bl g 4 pslie ol 1YAS
2ok LI RMSR &S0 0l 55 oo cpeiomad (Sl Jii 2 351 o dias LS el
S SIRMSR jldie Jinss cpl 534S 5505 duslie aﬂﬁ#wﬂu £33 4k
e 6l AV Jle glaesls 5 TSLE 251, oSG Lesle (Cal a8 ods S5
odiasOLEs 45 ol /80 31 i 5+ /A4F Ll 5 VFAS Jla s 5+ /88K L Ll sumeSS
e 53 el layl (KIing, 2011) Conl bresls b umeSS Jue cnlie 351
el odaT 5 Jader 53 VAV 5 VP48 Jlu slaosls 53 eSS

G glaesls 3 \VAY AT Tl 5o s ol 5SS A 4 bgs e Jule slasl ¥ Jgas

\vay Ju Y4t Jl

Jsl Jole Iz Jsl Jole 3o
AR3 \ VA \
/8 Y At Y
/84 Y ' /VY A
Y I3 /00 ¢
Ve 0 A 0
+/07 a1 */AE S
Ay \ A \
A A VY A
Vo q 3 q
v /VE Vo AA% \ e
A\ AR A W\
VA \Y CIAA \Y

1. Root mean square of residuals
2. Tanaka index of goodness of fit
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