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: SR ABSTRACT
o The present study aimed to investigate whether one of the [RT
t9 i models fit the data obtained from OZDEBIR (0SS Exam
2 o mathematics subtest and distinguish the IRT model that fits well to
- i 53 the data. Data was derived randomly from examinees throughout
- é Ankara (N=1097). Goodness of fit investigations were done

through cxamination of unidimensionality, local independence,

- E equal discrimination indices, minimal guessing, non speeded test
if; i administration, invariance of ability parameter estimates and
i"é«f o invariance  of item parameter estimates. In addition, item
) ’wm.,.wmj information functions and item characteristics curves were
}E reviewed. Results presented that the most appropriate model data
zé‘f fit was achieved by 2-PLM,
D,
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% %’ Bu arastirma, OZDEBIR OSS Smavinin matematik testinden elde
L 2 2 edilen veriye Madde Tepki Kuramina dayanan modellerden birinin
o w_ﬂw,wm-w ' rwwmwf‘i}i . uyup uymamgmr. ve bu veriye en uygun fnod;h belirlemeyi
i i’g"” ?é’ jf e g{; e F - am;‘iglamwm. Vc?n: Stnava Ankarada giren ggren‘cﬂerden» rasgele
i %: i;: .‘:_’ ig 2 secilerek elde edilmistir £N=]()97). l\fiodel vert uyumu a}msu}rmalan
. LB § %;__; } ig tek boyutluluk, yerel bagimsizlik, esit aylrtedzmhk giicl, minimum
T a %@ A 3 o e sansla dogru cevapl.andxrm.a’, hlz‘lapdlrdma‘mm te:c.t uygulamast,
e g e SEEE o o ~ yetenek parametresi  kestirimlerinin  degismezligi  ve -mgﬁid'de
- _ % f; ‘m = parametreleri kestirimlerinin clegisr.nezl.iginip sorugturulmass ile
e 8 o e, yvapilmisti,  Ayrica, madde bilgi  fonksiyonlart  ve malde
’ : & L karakteristik egrileri gozden gegirilmigtir. Blde edilen sonuglar, iki
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parametreli modelle en iyi model veri uyumunun elde edildigini
gistermistir. -
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1. INTRODUCTION

Ttem Response Theory (IRT) consists of family of probabilistic models that
hypothesize the relationship between an examinee’s latent ability and a correct
response to an item (Cohen, Bottge & Wells, 2001; Li, Lissitz & Yang, 1999; Stone
& Hansen, 2000). The three most popular IRT models are one-parameter logistic
model (1-PLM), two-parameter logistic model (2-PLM) and three-parameter logistic
model (3-PLM). These models are appropriate for dichotomously scored data and
differ in the number of parameters used 10 describe items (Hambleton et al., 1991).
The most cotmplex one of these models is 3-PLM. In this model, item difficulty
parameter, item discrimination parameter, and item guessing paramefers are
estimated. When the guessing parameter is assumed to be zero, the 3-PLM is
reduced to the 2-PLM for which only item difficulty parameter and item
diserimination parameter needed to be estimated. A further restriction can create the
1-PLM. In that model, item discrimination parameter is treated as if all items have
equal and fixed item discrimination parameters. Therefore, in that model, only item
difficulty parameter is estimated (Kelkar, Wightman & Luecht, 2000; MacDonald &
Paunonen, 2002).

All IRT models include a set of assumptions about the data to which the
model is applied. Unidimensionality assumption is the most important assumption
common for all IRT models. According o unidimensionality assumption only one
ability is measured by a set of items in a test (Cohen, Bottge & Wells, 2001
Hambleton et al., 19917, Local independence is another assumption which means
that examinees responses Lo any pair of items are uncorrelated when the ability
influencing test performance is hold constant (Hambleton et al., 1991). Anather
assumption is non-speeded test administration which implies that all examinees must
attempt to answer all items of the test. 1-PLM and 2-PLM have another assumption
called minimal guessing and 1-PLM have additional assumption called equal
discrimination indices. Violations in these assumptions may result in erroneous IRT
model parameter estimates (Fan, 1998). Therefore, the choice of the model depends
on the verification of model assumptions.

When a given IRT model fits the test data of interest, several desirable
features are obtained. Ability estimates obtained from different sets of items will be
the same and item parameter estimates obtained in different groups of examinees
will be the same. Moreover, several researchers presented the benefits of IRT
models in testing applications (Camilli & Shepard, 1994; Fan, 1998; Hambleton &
Swaminathan, 1985; Stone & Hansen, 2000). However, the advantages of IRT
models can only be obtained when fit exist between model and the test data. When
the model fits the data set of interest. invariant item and person statistics will be
obtained. Therefore, in goodness of fit analysis after the examination of model
assumptions, invariance property of item and person statistics should be
investigated. In other words, first model assumptions should be checked and then
expected model features should be checked. Comparison of the fits of different

models to the data set will faci E{te he choi © an appropri H
o aon, czht}_ the choice of an appropriate model (Hambleton

‘ Although there are many studies related to IRT measurement framework
there are not many studies conducted that investigate goodness of model fit o

L.1. Purpose of 1he Study

Thl; study focused on the fit of different models of item Response Theory (IRT) to

mathematics subtest data of the OZDEBIR OSS D-II Exam. Therefore, the main

purpose of this study was to investigate whether the mathematics test d:lta fit one of

the IRT models and by which IRT model the best fit was achieved. o
2. METHOD

2.1. Data

. The data set was obtained from the OZDEBIR OSS D-II Exam that was
applied nationwide in 2004. The sample was sclected randomly from e:\'amineés thf;r
took th_e test throughout Ankara. The sample was composed of 1097 examinee;\‘ th:{j
were mther in their final year of high school education or already graduated n' hit;h
s‘chool. Therefore, the sample was composed of students whose ages were ra—nﬂ‘iiv
from 17 to 20. 529 of students were female while the remaining 5%7 of them xavc
male students. ; » i

2.2, Instrument

T‘}}@ OZDEBIR OS8S 2004 D-II Exam is an achievement test. This exam
efnphas;s high school curriculum which consist of 180 multiple choice itc}n% Ain a
single form. There are four subtest in the form and each has 45 items mso’tthr
‘fvords, there are 45 items related to Turkish, 45 items related to social bblbﬂbeS 43
items related to mathematics items and 45 items related to science. In this st&d;
mathematics;subtest was examined. Examinees® mathematics test pe‘rformzmcc i;
presented in Table 2.1.

Tabhle 2.1 Mathematics Test Performance (N=1097)

Tests Mean Median SD
Mathematics 29.0 31.0 10.1

2.3. Procedure

o In this study the test used has been designed for students who was preparing
ff)r Student Selection Test (OSS) in Turkey. The sample was selected randomls
from the examinees throughout Ankara. Then, four subsamples were formed f'for;\
the data set such as Gender, Ability, ©dd-Even and Difficult-Easy. The Gender
sample was composed of two subsamples; male and female. Female subsample was
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composed of 529 female students and Male subsample was composed of 5367 male
students. Ability subsample was composed of to subsamples: Low and High.
Examinees whose total test performance fall within the 0™ and 60" percentile
formed the Low ability subsample and the remaining examinees formed High ability
sample. Both Gender and Ability subsamples were used to examwine invariance
property of item parameter estimates. Mathemmatics test performance of Gender and
Ability subtests were presented in Table 2.2. Odd-Even subsample was composed of
two subsamples; Odd and Even. All the odd items in mathematics subtest formed
Odd subsample and all the even items of mathematics subtest formed Even
subsample. Difficult-Easy subsample was composed of two subsamples; Difficult
and Basy. Mathematics Items that have p-values greater than 0.6 formed Easy
subsample and the other remaining items in mathematics subtest formed Difficult
subsample. Both Odd-Even and Difficult-Easy subsamples were usad to investigate
invariance property of ability parameter estimates. Descriptive statistics of Odd-
Even and Difficult-Easy subsamples were presented in Table 2.3 ITEMAN from the
Assessment of the Micro CATY, Testing Systemn were used to determine the item
difficulties (p-value) and item discrimination indices (biserial and point biserial
values). SPSS 11.5 for Windows was used to determine descriptive statistics and
BILOGMG 3.0 for Windows was used while predicting item and person statistics.
Finally, goodness of fit investigations was done and Item Characteristic Curves
(ICC) and Trem Information Functions (IIF) obtained by the help of BILOGMG
program were investigated to determine best informative items.

Table 2.2 Mathematics Test Performance of Gender and Ability Samples

Group N Vean Median SP-
Gender
Female 529 27.0 28.0 . 9.99
Male 567 30.9 33.0 9.76
Ability :
High 450 38.1 38.0 3.93
ability
Low 647 227 24.0 §.05
ability

Table 2.3 Descriptive Statistics of Odd-Even and Difficult-Basy Samples

_ Group N Mean p- Mean Mean Point-
. value Biserial Biscrial
Odd-Even
Qdd 23 0.655 . 0.683 0.487
Even 22 0.6 0.719 0.534
Difficult-
Easy
Difficult 19 0.458 0.650 0.512
Easy 26 0.780 0.737 0.508
144

2.4, Goodness of Fit Analysis

Goodness of fit investigatio;xs were done as discussed by Hambleton et al.
{1991) under two headings which are checking model assumptions and checking
expected model features. In the first part, unidimensionality, local independence,
equal discrimination indices, minimal guessing and non speeded test administration
were investigated. In the second part, invariance of item parameter estimates and
mmvariance of ability parameter estimates were investigated.

Unidimensionality assumption was checked through conducting principle
component analysis. Eigenvalues obtained under each factor was investigated to
decide on unidimensionality assumption. Local independence assumption was
checked through investigating inter-item correlation matrices for whole, high ability
and low ability groups. In order to check equal discrimination indices assumption,
biserial and point biserial values obtained by the help of ITEMAN program were
investigated. In order to check if the data meets minimal guessing assumption for the
one-, two-, three-parameter models, the performance of low ability examinees on the
most difficult mathematics items was reviewed. Non speeded test administration
assumption was checked through investigating omitted responses toward the end of
the test.

In order to investigate the degree to which the property of invariance held for
the item difficulty and item discrimination parameter estimates, item parameters
estimated were compared across one subsample of the sample such as male versus
emale. In order to investigate the degree to which the property of invariance held
for the ability parameter “8” estimates, ability parameters estimates obtained were
correlatedcross one subsample of the sample such as odd versus even.

3. RESULTS
3.1. Checking Model Assumptions
Un z‘dxfm;em*i onalify

In order to examine whether the unidimensionality assumption was met in
mathematics test, factor analysis was conducted and the scree plot was obtained. The
presence of a dominant first factor was treated as an evidence for unidimensionality
(Hambleton et al., 1991). The eigenvalues of first three factors are presented in
Table 3.1. The eigenvalue of a first factor is 3.5 times greater than the second factor.
Moreover, the first factor accounts for 27.5% of the total varian@; therefore, the
first factor seems to be dominant. Moreover, the scree plot obtainéd also presented
the existence of a single dominant first factor. As a result, it can be concluded that
the unidimensionality assumption is met.

-

a
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Table 3.1 Bigenvalues of First Three Factor ‘
) i First Factor Second Factor

1237 ' 362 138

Third Factor

Local Independence

In order to investigate local independence, the inter-item correlauon.e; of
lity and high ability groups were examined. Thie mean value of nter
a ity groups are close to Zero and lower than the
Table 3.2). This indicates that the local

whole, low abi
item correlations of high and low abil
value obtained for whole group (see
independence assumption is met.

Table 3.2 [nter-ltem Correlations of }Vluolc,j’iigh Ability and Low Ability Groups.

T ~ Groups _ B
Whole High Ability  Low Ability
Mean 0245 0.048 - 0.144

Equal Discrimination Indices

The variability of item biserial and point—ﬁi’seﬁal"v'alures; ‘o‘ma%ned b?f ITEMAN
program was used in decisions made on t}'le_ciegt‘ee of vt‘o!?txgn ‘<‘3t tlj.e ()IL}U‘(]I‘
discrimination assumption. The variances of biserial and point bl:sc:u:al values of
mathematics items were 0.022 and 0.013 which-are ¢lose tov:*.e’r(.)“mq1cz_1tmg that both
discrimination parameters do not vary a lot (see Table 3.3). This indicates that the

equal discrimination assumption is met.

Table 3.3 Descriptive Statistics of Biserial and Point-Biserial Values -

" Discrimination N Mean Sy Vanance
Parameters ] . . ___

“Biserial 13 0.700 0.149 0.022
Point-biserial 45 0.510 O\HVZ B 0.013

Minimal Guessing

The performance of low ability examinees op"mqst 'c'i.ii’ﬁcult mmhcmz‘\ltfcs
items was investigated. The performance of 1ow ability examinces on some oi-t}xc
most difficult items was high (see Table 3.4). For example, 2’2&?/?: o‘i the low abf‘,{ly
examinees correctly responded to item 22 and ‘similarly 21.0% of thewiow abflfty
examinees answered correctly the item 29. In general, the performance of {DAW gb;my
students on most difficult items is expected to be i-ow. However, re.sultsi ‘jm,hcatcd
that fow ability students’ performance on some chfhcuit items was high. Therefore,
it can be concluded that minimal guessing assumption was not hold.

Table 3.4 Correct Response Percentaes of Low Ability Students (N=647).

Items p-values 3 Frequency Percent Correct
Item 16 0.284 120 18.5
ftem 22 0.374 143 221
Item 23 0.13 54 8.3
ftem 29 0.380 136 21.0
Ttem 42 0.361 78 12.1

Non-Speeded Test-Administration

In order to examine whether the test was non-speeded or not, percentage of
examinees completing the initial and final five items in mathematics subtest were
reviewed. Percentage of examinees that did not marked the first and last 5 items are
presented in Table 3.5. As seen in the table percentage of students who did not
complete the last five items are high compared to students that did not complete the
first five items. However, percentage of students who did no responded to first and
second item is also high, 28.1 and 32.5, respectively. This strange result could be
obtained because of the hardness of these items. In addition, remaining items at the
beginning of the test have [ow missing values. Moreover, the test was applied in
specific time limit. In other words, students were supposed to finish test in 180
minutes. Therefore, some of the students may not reach some of the items placed
through the end of the test. The results imply that the non-speeded test
administration is not viable.

Table 3.5 Omitted Response Percentages on First and Last Five Items
First 5 Items Last 5 Items

¥

Number Percent Number Percent Missing
Missing Missing Missing
Item 308 28.1 Ttem 41 380 34.6
1
Item 356 325 ftem 42 471 42.9
2
Item ‘10 0.9 Item 43 472 43.0
3
[tem 24 22 Ttem 44 461 42.0
4
[tem 26 2.4 Item 43 404 36.8
5 .
3.2. Checking Expected Model Features /

t
In order to decide whether the mathematics test data fit one of the IRT models
and by which IRT model the best fit was achieved, it is necessary to investigate
mnvariance property of item and ability parameter estimates obtained by each IRT
models. The better fit is achieved whern the model of interest produces more
invariant ability and item statistics. ’




Invariance of Irem Statistics

In order lo investigate the degree to which the property of invariance held for
both difficulty parameter and discrimination parameter under each model, item
parameters obtained on female subsample were correlated by item statistics obtained
on male subsample. A similar investigation was done with item stalistics obtained
on high ability and low ability samples. 1-PLM was not included in investigation of
invariance property of discrimination parameter since in 1-PLM fixed discrimination
parameter is used.

Table 3.6 Correlations of Item Statistics Obtained on Different Samples

Item Difficulty . Trer Discrimination
Invariance Across Parameter Parameter
i- 2- 3- - Z-PMM 3-PLM
PLM  PLM PLM PLM )
Female-Male Sample 0.9 0.9 0.9 MA 0.8957 0805
67" 69" 73" ) )
High-Low Ability 0.8 0.8 0.8 NA 0545 0336
Sample 40" 43" 89" B

7 Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
Note. NA=Not Applicable

The correlations obtained under difficulty parameter for all IRT models were
strong indicating that by all IRT models invariance property of difficulty parameter
was achieved. The highest correlations were obtained under 3-PLM and the second
highest corvelations were obtained under 2-PIM. Correlation of difficulty
parameters obtained on Ability subsamples are quite fow compared to that obtained
on Gender subsamples. This indicates that as the variability between subsamples
increases the correlations obtained decreases. Moreover, correlations obtained in
investigations on invariance property of discrimination parameter under 2-PLM
were strong in both sampling conditions. However, maderate to high correlations
were obtained under 3-PLM. In other words, correlations obtained under 3-PLM
were lower than that obtained under 2-PLM. In a on, as in results obtained in
difficulty parameter, correlations obtained in investigations on invariance property
of discrimination parameter decreases as the variability between subsamples
increases. In addition, it is observed that correlations obtained under item difficulty
parameter were higher compared to correlations obtained under item discrimination

parameter.
Invariance of Ability Parameter Estimales

In order to investigate the degree to which the property of invariance held for
the ability parameter estimated under each model, person statistics obtained on odd
subsample were correlated with person statistics obtained on even subsample.
Similarly, person statistics obtained on difficult subsample were correlated by
person statistics obtained on easy subsample.
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Table 3.7 Correlations of Person Statisties Obtained on Different Samples

re S

; IRT Models
Invariance Across 1-PLM 2-PLM 3-PLM
Odd-Even Sample 0776 0771 0.766"
Difficult-Easy Sample 0.862" 0.8377 0428

™ Correlation is significant at the 0.01 leve] (2-tailed).

Correlations obtained in investigations on invariance property of ability
parameter estimates under each model were strong except the correlation obtained
on Difficult-Easy subsample under 3-PLM. In other words, more invariant ability
parameters were estimated by 1-PLM and 2-PLM compared to 3-PLM. In general,
results indicated that person and item statistics obtained were invariant.

3.3. Graphical Fit Plots

ICCs and 1IFs of each item obtained by each IRT model were investigated to
decide which model fits the data better. Fit judgments provided that the overall best
fit was achieved by 2-PLM. Fit judgments made on each item indicated that 42.2%
(n=19) of the time the best fit 1o test data was obtained under 2-PLM, 35.5% (n=16)
of the time the best {it to test data was obtained under 3-PLM and finally 22.2%
(n=10) of the time the best fit to test data was obtained under 1-PLM.

4. CONCLUSION

The present study examined whether the mathematics test data fit one of the
IRT models and by which IRT model the best overall fit to data could be achieved.
Goodness of model data fit investigations was conducted. Therefore, model
assumptions and expected mode! features were checked. In these investigations
1097 examinees’ data on mathematics test were used. The data was selected
randomly throughout participants in Ankara. Results of these analysis presented how
the assumptions and features of each model reacted to test data.

‘

It is important to investigate to what extent the IRT model assumptions are
valid for the given data and how well IRT model fits the data since violation of IRT
model assumptions may lead to erroneous IRT model parameter estimates (Fan,
1698). Investigations done on model assumptions presented that unidimensionality,
local independence and equal discrimination indices assumptions were hold.
However, questionable results were obtained while investigating minimal guessing
assumption since low ability students responded highly in some difficult items. In
other words, although in general low ability students performed poorly in difficult
items, there were difficult items that were answered correctly by majority of low
ability students. Therefore, results of this investigation did not support the
assuniption of minimal guessing. In addition, nen-speeded test administration
assumption was also not hold. Percentage.of students that did not respond the
questions toward the end of the test wag$ high. In general forty percent of the
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examinees did not respond to last five mathematics items. On the other hand
majority of students answered the items placed at the beginning of the test.
However, first two items of mathematics test were also not answered by majority of
students. The percent correct values of these two items are quite low indicating the
hardness of these items which then may result in such high missing values. In
addition, the test was an achievement test which was administered in a specific time
limit. Therefore, students had a limited time to complete the entire test. Therefore,
some of the students because of time limit could not reach to the end of the test.

Important model-data fit information can be obtained by investigating the
property of invariance (Leeson & Fletcher, 2003). Hambleton, Swaminathan and
Rogers (1991) indicated that, when IRT model fits the-data, parameters that
characterize an item do not depend on examinees’ ability distribution and the
parameters that characterize an examinec do not depend on the sets of test items.
Therefore, high correlations obtained for both item statistics and person statistics
under each IRT model can be considered as an evidence for existence of property of
invariance. Results of this investigation presented that assumption of invariance was
hold for difficulty parameter estimates under each IRT model since high correlations
were obtained under each IRT model. By contrast more invariant discrimination
parameters were obtained under 2-PLM compared to 3-PLM since under 2-PLM all
correlations were high however under 3-PLM moderate to high correlations were
observed (see Table 3.6). Correlations obtained in investigations on invariance
" property of ability parameter estimates under 1-PLM and 2-PLM- was high in all
sampling conditions. However, low correlations were observed under 3-PLM while
correlating ability parameters estimated on Difficult subsample and Easy subsample.
Investigations conducted on ICCs and 1IFs indicated that the overall best fit to the
data was achieved by 2-PLM. Therefore, although minimal guessing assumption
showed that the guessing did occur among low ability students, analysis-in- general
presented that 2-PLM have almost perfect fit to data. In other words, 2-PLM
provided the most appropriate fit for the test data.
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