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Learning Trajectory of Item Response Theory Course
Using Multiple Software

Abstract. In a leaming process with regards lo parameter estimation of item response theory (IRT), which has been related to
quite intricate mathematical equations, software use should be an urgent matter. The study was to describe the learning trajectory
of item response theory that had been integrated to the use of multiple software and obstacles of advanced IRT course. The study
was validation study-type of design research with qualitative approach. The participants in the study were the graduate school
students of Educational Research and Evaluation Study Program who concentrated on Educational Measurement. The learning
trajectory that had been hypothesized was based on the researcher’s experience in lecluning and in identifying the necessary
requirements for cach chapter in the course. The data were gathered by means of obser n during learming, course activities
documentation and graduate school students’ leaming results documentation. The data were analyzed qualitatively. By
formulating and testing the hypotheses of learning trajectory, the researcher found that multiple software use in course might
assist the students in understanding and improving the students’ skills in terms of implementing IRT although they might
encounter with several obstacles.
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1. Introduction

In the activities of research, education and development m many fields, good measurement imstrument is an urgent
matter. Such instrument will be more urgent if the components under measurement within these activities belong to
latent variables, which has been assesses through observable mdicators. For this interest, the instrument that will be
implemented should be analyzed in order to attain well-qualified instrument. The quality of an instrument might be
seen in its validity and reliability and it is also based on the characteristics of items that compose the instrument.

Item anal_vﬂs conducted to identify the quality of each item in the mnstrument. This analysis might be
conducted using classical test theory nm:-ach and item response theory approach. The classical approach is
implemented in estimating reliability, item difficulty and item discrimination index. Such approach 1s easy o
implement in 1dentifving the quality of measurement instrument; however, this approach has weakness. The
weaknesses are that there 1s dependency between the participants’ ability and the item parameters and that there 15
difficulty in implementing the concept of item response theory toward multiple measurement problems.

The approach of item response theory is implemented in order to overcome the weakness that that E‘lassical
test theory has. In this item response theory, the latent trait that has been measured 1s called as ability (Hambleton
and Swaminathan, 1985, Hambleton, et al., 1991). This ability is measured through the indicators of an instrurment,
both the test ones and the non-test ones. The relationship between ability and item parameters, such as item
difficulty index, item discrimination index, pseudo guessing and alike, mught be applied towards the dichotomous
and polytomous data, certainly, the application should mwvolve different equation model. The reason 1s that the
mathematical model of this item response theory 15 not linear; therefore, the item parameter and ability estimations
might not be directly conducted. However, through certain process, both by means of maximum hkelithood and
Bayes method, the item parameter and ability estimations might be directly conducted.

The skills of performing analysis to estimate item and ability parameters have been trained in umiversities
especially in equipping university students as the researcher and psychometrical analyst caraiates_ These skills are
trained through IRT course. In this course, the students learn multiple chapters related to item response theory or
IRT, starting from classical test theory weakness, mathematical model in unidimensional IRT, parameter estimation,
item characteristics curve, multidimensional IRT models and IRT implementation such as linking score, differential
item functioning, cut of score and computenized adaptive testing. All IRT concepts and their implementation make
use of mathematical models and several analyses, such as item parameter and ability estimations, are conducted by
means of numeric approach; certainly, such approach demands software use.

Based on the course that has been taught in previous vears, IRT has been conducted conventionally. In this
course, the lecture has merely been explaining the theory and discussing the mathematical models without any
practice of real data analysis in order to implement the IRT concepts. The software use has also been very minimum.
The students’ learning trajectory during the course has also been less systematic; as a result, the students have been




less able to understand the mter-chapter relationship. This situation has caused the students to have less experience
in analyzed the data related to mstrument characteristics using IRT approach, to have difficulties when they should
implement IRT in their undergraduate thesis and to have been less ab using software for assisting their analysis.

In IRT courses under measurement concentration within Educational Research and Ewvaluation Study
Program, Graduate School of University Negeri Yogyakarta, the students come from multiple study programs
(multi-entry). In one hand, this situation 1s beneficial because they come from both the exact study programs and the
soclal science study programs. On the other hand, the lecturers who teach IRT become challenged because they
should teach the students about multiple mathematical equations that lead to the implemented statistics. In order to
assist the item analysis of IRT, there are multiple softwares that might be used. There are several mathematical
models of IRT and the name of each model depends on the item parameter that the model contains, the data that the
model uses and the dimension that the model mcasurcc software analysis depends on the mathematical models.
For the IRT using Rasch Model, the students can run QUEST (Adams and Khoo, 1993) and CONQUEST (Wu, et
al., 1997). For unidimensional IRT with parameter model 1, 2 and 3 on graded response model-type dichotomous
data or generalized partial credit model-type dichotomous data, the students can use PARSCALE (Muraki and
Block, 1997). For multidimensional IRT with dichotomous data, the students can use TESFACT (Wilson, et al.,
1984). For the linking score analysis, the students can wse IRTEQ (Han, 2009). In order that the students might
understand and use these softwares, the course should implant the concept and the strategy of application if the
measurement activities are to be integrated into the software use.

Along with the development of sci and technology, the mtegration of course mmplementation and
software use has been an urgent matter. The integration of information and communication technology (ICT) into
learning process provides multiple benefits. One of such benefits has been proposed by Ranasinghe (2009),
“Integrating technology into classroom is an approach to develop better understanding of basic concepts provided it
1s applied appropriately.” His statement has also been supported by Ochkov and Bogomolova (2015). Several
experts in the past had studied the integration of learning process and IC'I’lilcc Kerns (1992), Brekke and
Hogstad (2010}, Thomas (2006), Hudson and Porter (2010), Aydin (2009) and use of ICT in assessment (Retnawati,
2013),

The use of computer in the learming process 15 mfluenced by several factors, Norton and Cooper (2001) states
that there has been a complex interaction among the factors of “belief, pedagogical knowledge, knowledge about
using technology in teaching, cultural press and perceptions of assessment” and this complex interaction is related to
syllabus reformation and teacher professional development. Hudson, et al. (2008) state the existence of certain
burden for teachers in benefitting ICT with regards to lesson plans. Another problem will be insufficient of learning
plans (Hudson, et al,, 2008), msufficient equipment (Unal and Ozturk, 2012} and msufficient time (Salehi and
Salehi, 2012; Unal and Ozturk, 2012) These factors cause the computer use in learning process has not been
optimum, Budinski (2013) also states that the level of software integration in the classroom has not been satisfying.

Several strategies might help integrating ICT into learning process so that the leaming process might achieve
the expected results. These strategies have been proposed by Fu (2013) as follows: “more induction, orientation and
training for students; an increased emphasis on the importance of mstructor access and effective administration; and
the expansion of podcasting and online conferencing tools.” Similarly, Goktas et al (2009) state that * ... strategies
could provide a generic approach towards enhancing this ICT mtegration: technology plan, m-service training,
strong infrastrucﬁ, technical support and role models.” In addition, professional development (Afshari et al,
2009) also holds an important role in determining the successful integration of ICT into learning process.

One of the parts n lesson plan is learning trajectory design. According to Simon (1995), learning trajectory
includes learning goals, learning activities and hypothetical learning process. With the presence of leaming
trajectory, learming becomes social aspect, continuous iterative cycle and activity that enable teachers to attain
learning theories that might be adjusted to university students™ ability and reasoning level (Gravemeijer et al, 2003
In line with the efforts that the integration of ICT mto IRT course become successtul, the study 1s to hypothesize the
learning trajectory of item response theory and its implementation by means of ICT application toward the course
The learning trajectory then will be put into experiment in order to develop the activities in IRT course.




2. Method

The study was a design research because it was to design/develop an intervention that took the form of
strategy and learning material for solving the problems in education (Lidmillah, n.d} The design research model
that the researcher dgloved in the study was the study validation mo v Mieven et al (2006, p.152). Validation
study consisted of three phases namely preparing for the experi preparation and design phases, design
experiment and retrospective analysis (Greivemeijer and Cobb, 2006). Preparing for the experiment/preparation and
design phase was conducted in order to formulate the local instructional theory by performing an analysis toward the
objectives that would be achieved, such as learning objectives, and by designing the conjecture from the local
instructional theory that would be developed in the form of learning trajectory. Then, design experiment had been a
stage of experimental design stage that aimed to test whether the learning trajectory that had been developed would
be working. Next, retrospective analysis had been a stage of analyzing the data that had been gathered in order to
identify whether these data supported the learning trajectory that had been developed.

The study was conducted by designing the learning trajectory of IRT first; then, the leamning trajectory would
be tested in the course. The learning trajectory was designed by developing the concepts of necessary prerequisites,
by analyzing the software that might be used and by planning the data that would be used in the integration of ICT
toward learning process. The experiment of the learning trajectory that would be hypothesized was conducted in
2015 and 2016 toward IRT course. The participants in the course were the students from Educational Research and
Ewvaluation Study Program who had been concentrated in measurement. In 2015 there were six students and in 2017
and there were seven students who attended the course.

The data were gathered using documentation toward leaming trajectory design and observation and
documentation toward learning trajectory implementation. The results of leaming trajectory documentalions were
the results of the students’ work from the practice m IRT course. These data then would be analyzed by means of
Miles and Hubberman (1984) model through the steps of reduction, display and verification. The results of the
analysis then would be described in order to attain the learning trajectory that would be in accordance with the
design and the experiment.

3.  Findings

In this section, the researcher would like to present the results of learning trajectory design activities and the
results of the experiment along with the analysis.

3.1, Designing the Learning Trajectory

The preliminary part of the study was designing the learning trajectory. The learning trajectory was designed based
on the literature review toward multiple references with regards to theory and by considering the materials that the
students had studied. Such consideration was taken in relation to the prerequisite courses for IRT in the
concentration of measurement under Educational Research and Evaluation Study Program,

3.1.1. Investigating the Weakness of Classical Test Theory

Based on the study plan of all students who concentrated on measurement, the course that they attended has
been Classical Test Theory. From the information provided by these students, the weakness of this theory had
studied but it had not been mmvestigated by using empirical data. In order that students had in-depth understa
toward the weakness of classical test theory, empirical data were necessary in order to proof the dependency of item
parameters and latent ability parameters. The empirical data that had been used in the first place were the ones from
participants’ responses toward a test using of dichotomous scoring, the ones from participants’ responses toward a
test by means of polytomous scoring and the ones from participants’ responses toward a questionnaire by means of
polytomous scoring .

2

3.1.2 Understanding the Mathematical Models in Item Response Theory with Characteristic Curve




In item response theory, the probability of test taker to answer item correctly stated by a functional equation
from the participants’ ability and item parameters. This relationship might be understood by drawing a characteristic
curve by implementing Rasch Model known as logistic 1 parameter model, or implementing 2 parameters logistic
model, or implementing 3 parameters logistic model. The Microsoft Excel can be used to ease the caleulation and in
order that the students might observe the relationship pattern between the item parameters and the ability
parameters. This program might also be used in drawing one characteristic curve or more.

3.1.3 Understanding the Parameter Estimation al Excel Assistance

After having understood the relationship between the item parameters and the ability parameters, the next
step that should be taken would be estimating the ability parameters based on the already 1dentified item parameters
The estimation might be performed using maximum likelihood approach and Microsoft Excel so that the students
might understand the process step by step. Then, by deploving the raw data in the form of participants’ responses
toward the test with dichotomous scoring the students might estimate the preliminary value for the item a bility
parameters. With this preliminary score parameters and maximum likelihood approach, the students might estimate
the item and ability parameters altogether. The competence of performing manual estimation provided a description
toward the students in designing another program with regards to the application of IRT.

314  Estimating the Item Parameters and the Abihty Parameters by Implementing Rasch Model with QUEST
and 2PL and 3PL Model with BILOGMG
After completing the challenge of manual estimation, the students then might practice the estimation using
computer softwares. For Rasch Model, the estimation might be performed by QUEST program. For analysis in 2
and 3 parameters logistic model, the estimation might be performed by BILOGMG or PARSCALE. The students
might be guided in interpreting the output of this software.

3.1.5  Testng the IRT Assumption in Terms of Unidimension, Local Independent and Parameter Invariance

This assumption might be studied early before the item parameter es ion and the ability parameter
estimation. However, due to the fact that the assumption lestinfilad made use of the item parameters and the ability
parameters that had been estimated, this st@ilwas put after the item and ability parameters estimation. The results of
the estimation that {8l been used were the item parameters estimation and the ability parameters estimation from the
data that had been split into two parts randomly based on the items and the test participants. Then, each data would
be estimated.

The first assumption was the unidimension assumption. The assumption was applied altogether in order to
prove the second assumption, namely the local independence. The assumption was applied 1n order to proof that the
mstrument only measure one dominant dimension. This analysis principally calculated the eigenvalues of the inter-
item correlation matrix aait might be performed using SPS5 software. The third assumption was the mvarance
parameters that made use of the results ofit and ability parameters estimation.
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3.1.6  Understanding the Relationship of Item Parameters and Ability Parameters for Polytomous Data

In the dichotomous data, the test participants’ responses in a test or in a questionnaire might be scored with 1
and 0. In the polvtomous data,the test participants’ responses were scored 0, 1, 2, 3 and alike. Similarly in the
dichotomous data, each item test or in a questionnaire had item parameters and each participant had ability
parameters. The relationship between the item parameters and the ability parametgfslwas stated in a complex
mathematical relationship and was dependent on the selected model like Rasch Model, Partial Credit Model (PCM),
and Generalized Partial Credit Model (GPCM) and alike The item parameters estimtiﬁight also be conducted
with the assistance of PASCALE software, the out] f this software might be used in order to get an in-depth
understanding toward the relationship between the item parameters and the ability parameters along with their
charactenstics, .

7
3.1.7  Understanding the Relationship Between the Item Parameters and the Ability Parameters for the
Multidimension Dichotomous Data with TESTFACT ﬁ

Similarly in the unidimensional items, the relationship between the item and ability parameters for the
dichotomous data in multidimensional IRT was studied. The analysis for estimating item and ability parameters was
conducted by means of TESTFACT assistance and the item characteristics in this case was named as item
characteristic surface. This item characteristics surface was visualized by means of MAPLE software.

318  Implementation of IRT in Equating




After the basic concept of IRT had been understood by the students, the next step was implementing the
concept in the equaing of test set. This equating might be conducted altogether with the common items or without
the common items by implementing multiple methods such as mean and mean, mean and sigma and characteristic
curve. Al the beginning, the students used Excel in order to understand the concept of equalization. Then, they can
used IRTEQ software.

3.1.9  Implementation of IRT to Detect DIF

Another implementation of IRT that had been frequently used was the detection of differential item
functioning (DIF). This detection was conducted by calculating the different probability in responding appropriately
toward the test items of two groups under study, namely focal group and reference group. This step was taken after
the item parameters and the ability parameters of each group had been estimated. The analysis might be directly
conducted by means of software such as BILOGMG, PARSCALE or TESTFACT. The pattern of mnter-group
difference might be identified both by drawing the characteristic curve and by drawing the item characteristic
surface for the items that measured muludimension.

3.1.10 Determuning the Cut of Score in a Test by Means of Bookmark Method that Had been An Implementation
of IRT
Another mmplementation of item response theory was the determination on the cut of score, especially
bookmark method. The steps in determining the cut of score were studied and practiced by the students to gain their
understanding.

3.1.11 Estimating the Ability Parameters in CAT by Means of Simulation through Excel

In line with the development of science and technology, the implementation of computer-based testing and
computer adaptive testing (CAT) that had been adapted to the participants” ability had been an urgent matter; as a
result, the estimation of participants’ ability might be conducted efficiently. By combining the ability parameters and
the algorithm of item determination, the students might conduct a simulation of ability estimation in IRT. This
process might be conducted with the assistance of Excel that had become a bridge before the students developed the
actual CAT,

The leamning trajectory that had been hypothesized then would be tested into Item Response Theory course.
The results displayved in each stage would be analyzed and the students would also report the obstacles that they
encountered during the learning process.

3.2 The Results of Experiment and Analysis

The leaming trajectory that had been hypothesized would be tested in Item Response Theory course. The results of
each stage in the test were as follows.

321  Identifying the Weakness of Classical Test Theory

In order to 1dentify the weakness of classical test theory, the students made use of the data from the national
examination taken by the school that had high achievement and by the school that had low achievement. In the same
time, the stud also made use of the data from the documentation of Junior High School Mathematics National
Examination mdenmia. By comparing the item parameters in classical test theory bet@iglen both school categories,
the weakness of classical test theory regarding the dependence of item parameters, both the item difficulty index and
the item discrimination index, toward the test participants’ ability might be identified. Since the data that had been
gathered were still raw, the students should change these data into the dichotomous data or the polytomous data

In this step, most of the students had difficulties because they had not been used to managing huge data size.
In order to change these data into dichotomous and polytomous data, the students used Excel while learning about
several expressions of function that they had not understood

322 Understanding tl'nrlathematical Models in IRT by Means of Characteristic Curve

The relationship between the item parameters and the ability parameters in several models within
unidimensional item response theory was investigated by means of graphic. An example of the graphic that had been
drawn by the students would be displayed in Figure 1.
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Figure 1. Model Comparison in Unidimensional Item Response Theory

The obstacle that had been encountered was that the students had not been used to the exponential function
because there were about 25% of the students who had used to study and to draw function graphics. In order to draw
these graphics, the lecturer’s guideline was necessary for the students. Then, another obstacle that had been found
was that there were 4 students who had less understanding toward the nonhnear function because the concept of
linear function had been strongly embedded mto their mind. By providing the examples of nonlinear function case
the real life and the examples of other model such as the quadratic one or the cubical one, the 4 students gained
better understanding. This obstacle was presented in the following statements.

“I have not drawn any graphics previously. Since my major 1s language, I have several difficulties in drawing
graphics.”

“I just found that there i1s a nonlinear function. I just realized 1t. As far as [ know, ability 1s always directly
proportional to anything, so, my assumption is that the graphic will be straight.”

3.2.3 Understanding the Parameter Estiun by Means of Excel Assistance

After identifying the relationship between the item parameter and the ability parameter, the next step would
be understanding the process of estimating the ability parameter based on the item parameter that had been found.
The estimation method that would be implemented was maximum likelihood. At the beginning the students had
difficulties in applying the likelihood equation in order to perform their estimation, In this case, the lecturer should
guide the students so that they would be able to identify the parameters, both the item ones and the abihity ones, that
caused the likelihood to achieve maximum values. In order to ease the process, the estimation might be conducted
by means of Microsoft Excel software assistance. An example of estimation process would be presented in Figure 2.
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Figure 2. An Example-of Worksheet of Ability Parameters Estimation with Maximum Likelihood

324 Performing Item Parameter Estimation and Ability Parameter Estimation by Means of Software

After performmmg semi-manual tion, the students then were gmded mn performing the data analysis
toward the test participants’ responses in order Lo estimate the item parameters and the ability parameters by means
of software. The software that would be used was dependent on the parameter models that might be used. For the
analysis using Rasch Model, the students might use QUEST, 1PL model, 2PL model and 3PL model with
BILOGMG. In using BILOGMG, in addition to performing item parameters estimation and ability parameters
estimation, the students might also perform an analysis of model fitness both the one that used chi-square analysis
and the one that used graphics. An example of output resulted the analysis toward model fitness would be presented
in Figure 3.

In this analysis, the students had ditficulties in conducting analysis on several stages namely preparing the
data, preparing the syntax and interpreting the analysis results. In order to anticipate these problems, the lecturer
should provide step-by-step tutorial toward all students with repetition. For preparing the data, the lecturer might
ease this step by editing the data in the Excel’s worksheet and saving these data in the * prn format. The students’
difficulties might be found in the following statement.

“I have difficulties in nputting the data, understanding the data and compiling the syntax analysis.”

“Well, this is it: reading the output results and interpreting them become my problems.™
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Figure 3. An Example of Output Results from the Analysis by Means of 3PL Model with BILOGMG

3.2.5  Testing the IRT Assumptions in Terms of Unidimension, Local Independence and Paranigsli Invariance

The IRT assumptions in terms of unidimension were analyzed by means of exploratory factor analysis; the
exploratory factor analysis was conducted by measuring the scree-plot of eigenvalues. Based on the scree-plot, the
students might identify the content of a dimension that had been measured by a measurement instrument and in the
same time the students might prove the local mdependent The parameter inwvariance was proven by splitting an
mnstrument set into two parts based on the ability; then, the students 'zed each part in order to estimate the
ability parameters. Next, the students would pair the ability paramclmﬁ each participant in order to create the
scatterplot. Similarly, the test participants’ responses were split in order to estimate the item parameters. The results
of estumation were paired for each item n order to create the scatterplot, Proximity between the points mn the
scalterplot and the x = y line was used in order to prove the parameter invariance.

The assumption test was conducted by multiple software. As an example, the exploratory factor analysis
might be conducted with the assistance of SPSS software and item and ability parameters estimation might be
conducted with the assistance of BILOGMG software; the graphics of these analyses might be drawn with the
assistance of Microsoft Excel software. Multiple software that might be implemented provided peculiar challenges
for the students because they demanded adjustment and the adjustment took a relatively long time. An example of
the analysis results would be presented in Figure 4 and 5.

Testing Unidimentional Assumption
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Figure 4. An Example of Scree-Flot for Proving the Unidimension
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Figure 5. An Examplﬁ:f Scatterplot for Proving the Parameter Invariance

326  Understanding the Relationship between the Item and Ability Parameters for the Polytomous Data

The students also used the similar stages uf$he dichotomous data for the analysis toward the polytomous
data. The stages are understanding the relationship between the i ameters and the ability parameters, drawing
the item characteristic curve (also known as the category respo function) and estimating parameters). The
parameter estimation was conducted using QUEST software for the partial eredit model (PCM) and PARSCALE for
the partial credit model (PCM), graded response model (GRM) and generahzed partial credit model (GPCM). An
example of analysis output for the item parameters would be presented in Figure 6, for the category response
function would be presented n Figure 7 and for the value of information function and measurement errors would be
presented m Figure 8.

The difficulties that the students had in conducted the polytomous data analysis were related to the complex
mathematical model and the interpretation on the output of analysis results. However, because they had experiences
in analyzing the dichotomous data, 1t had been easier for the students to arrange the analysis syntax. The students’
opinions about this stage would be presented as follows.

“The data analysis toward the polytomous scoring turns out to be more complicated than the one toward the
dichotomous scoring, whereas the data analysis toward the dichotomous scoring itself has been difficult.”
“The analysis syntax of the polytomous data 1s similar to that of the dichotomous data; this 1s pretty helpful ”
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| oaos | i 1.183 | O.04% | o.s0a | o.048 | o.oo0 | S.000 |
I Qo7 PO | 1.198 1 D.054 L8250 Q.049% | (==Ll | Q.000 1
i ooo® | | L.283 1 Q.0586 | C.475 0 Q.043 | [P =1L | .000 1
| oaos | t I | 1.714 | o.082 | C.ABE | o.04% | o.oo0 | S.000 |
I QQag PO | 1.257 1 Q.094 | Q. 305 1 Q.09% | (== -l | Q.000 1
I o013 | | S.8TT 10 Q.040 | —0.533 | D.081 | [P =1L | .000 1
1 oaizx | i o.930 | o.03% | -0.5837 | o.o081 | o.oo0 | S.000 |
I Qo1 P | 1.027 1 0.04%4% | -0, 523 | Q.048 | (=L~ | Q.000 1
I o01% | a1 o.998 | o.043 | —O.461 | C.o99 | o.000 | a.000 |
1 oa1is | i o.933 | O.041 | =o.514 | o.o080 | o.oo0 | S.000 |
I Qo1& P | L= P - I | Q.030 | .022 1 Q.080 | (==l | Q.000 1
I 2917 | a1 Q.7Tas | Q.030 | -Q.073 | C.080 | o.o000 | a.000 |
1 oois | i o.T32 | ©.031 | o.a4aT | c.o88 | o.oo0 | s.000 |
I QQis | P | o, 885 | Q.030 | o.098 | Q.080 | QL. 00a ) Q.000 1
I o020 | EO | o.665 | o.029 | o.085% | o.o82 | o.o000 | a.000 |
----------------------- O e

_____________________ U
| PARAMETER | MEAN | STH DEV | N

- - - i
| SLOFE I 1.111) o.217] 20|
| LEG (SLOPE) | 0.065] c.296] 20|
ITHRESHOLD | a.oas) o.%7a) FL-T
IGUESSING | 0.0001 o.0001 ol
--------------------- o —

Figure 6. An Example of Output from the Results of Item Parameters Analysis by Means of PARSCALE
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Figure 8. An Example of Output ['rmhlhc Value of Item Infonnatlon Fl.lnctlon and Mcasurcmﬁnt Errors

3.2.7 Understanding the Relationship between the Item Parameters and the Ability Parameters for the

Multidimensional Dichotomous Data

If the assumption of unidimension for IRT in the dichotomous data analysis was not prevailing, then the
students would conduct an alternative analysis using multidimensional IRT. First, the researcher inﬁluced the
mathematical models of multidimensional IRT; then, the researcher would introduce the relationship between the
item parameters and ability parameters. The item characteristics surface would be described with the assistance of
MAPLE software. The analysis for estimating the item parameters and ability parameters would be conducted by
means of TESTFACT software. An example of item characteristics surface resulted from TESTFACT software
would be presented in Figure 9.




Figure 9. An Example of Item Characteristic Surface that Measured 2 Dimensions

Although at the beginning the students had difficulties in understanding the mathematical relationship n the
multidimensional item response theory, they found an interesting matter. Their difficulties were caused by the
complex mathematical models but the students were happy with the graphic that they made especially the items that
measured 2 dimensions. The students had been accustomed to reading output from the analysis results and
interpreting these results; therefore, they did not have any difficulties at all. These findings were supported by the
following statements.

“The mathematical models of multidimensional IRT have been more complex than the last course.”

“Looking at the graphics, I am happy. It is easier to understand the relationship between the ability parameters and
the probability of students’ to respond item correctly,”

“The more I read the output, the easier I interpret the output.”

3.2.8 Implementing IRT toward Equating

By using the data of participants’ responses toward several equal test sets, the students were invited to
implement_IRT for the hnking score, both n equating manner and in concordance manner. The practice of
implemen e concept of linking score was conducted semi-manually by means of Microsoft Excel software,
mean and mean method, mean and sigma od and characteristic curve method (Stocking and Lord method and
Haebara method). After estimating the item parameters and the ability parameters, the steps in this stage were simple
yet the students had difficulties because they needed to understand the regression analysis in order to generate the
prediction scores, However, after using IRTEQ program it was easier for the students to implement the concept of
linking score. An example of analysis resulted by IRTEQ program would be presented in Figure 10
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329 Detecting Differential Item Functioning
To detect DIF, the students orized first the responses of focal group participants and reference gr

participants; then, they analyzed the item and ability parameters of both groups. The item parameter number-n for
the focal group and the reference group was used in order to draw the characteristic curve so that the students would
identify at which ability scale interval an item would benefit certain group. An example of results from the response
data generated by the polytomous scoring would be presented in Figure 11 and for the dichotomous scoring would
be presented in Figure 12. In this stage, the students” difficulties were more related to the technical aspects in terms
of mathematical expressions in drawing graphics.

'd ™

—————

\ J

Figure 11. An Example of Category Response Function for the Focal Group and the Reference Group




Figure 12. An Example of Item Characteristics Surface for the Focal Group and the Reference Group

3210 Determining the Cut of Score in a Test by Means of Bookmark Method which Had been an IRT
Implementation

By using the real data as well, the students benefitted the results of item parameters estimation in order to
design the booklet and they designed the booklet by orderning the necessary minimum practice for attaining 67%
chance of responding an item correctly. The booklet then was tested in order to determine the cut of score for certain
lessons, in the study, the booklet was used in mathematics. In the practice, the students did not experience any
significant difficulties because they also implement the msight that they gained from the course. They also had ideas
to conduct studies related to the IRT implementation in the future.

32,11 Estimating the Item Parameters on CAT by means of Simulation through Excel Program

Using a set data such as item parameters, the students were invited to do simulation in CAT. They pretended
as if they were arranging an item bank and then they calculated the algorithm of simple item selection like tree
algorithm. Using simulation data in the form of students’ response pattern, the students stimulated the test
participants” ability estimation by means of one method such as maximum likelithood. In addition, the students also
practiced the arrangement of stopping rule regulations within the CAT implementation.

There were several obstacles that the students encountered in studying CAT. In relation to these obstacles,
there should be an in-depth understanding toward the concept of 1tem bank and its arrangement by means of certain
method like the tree algorithm. Although it had been simple, the tree algorithm should be explained by the lecturer
with a real example and by involving examples from certain lessons that the students might understand. The real
description regarding the example of CAT presentation should also be a topic of question for the students. However,
these multiple questions had been the trigger for the students to conduct more studies in the future. This finding was
supported by the following statements.

“After learning CAT, T have many questions in my mind. Anyway, the positive aspect 1s that I would like to conduct
research about CAT.”

“It turns out that, there have been so many ideas of research that we have, especially m instrument item
charactenstics and its implementation such as equating, cut of score and CAT.”

4. Conclusions and Discussions

Paving attention to the results of the analysis toward each experimental stage in the learning trajectory, the
researcher found that the learning trajectory of item response theory through the software use that had been
hypothesized had provided the expected results. In the study, the students might interpret their understanding
through the output that had been resulted from the practice, especially their understanding toward relationship
between item and ability parameters. The students had also been able to use multiple software in performing real




data analysis and simulated data analysis by implementing multiple concepts in item response theory. This had been
a trigger for the students to perform their studies by implementing the theory.

This success was supported by several matters. First, by hypothesizing the learning trajectory, the lecturer
actually had already planned and had already prepared the course, including the learning materials, the software and
the supporting data. With sufficient preparation, the course might run well This situation had been in accordance
with the suggestions by Hudson et al. (2008) that the successful learning should be supported by a good learning
plan. Second, the leaming trajectory that had been planned had given attention toward the necessary prerequisite
materials. The materials that should be studied were supported by the matenals that had previously been mastered
by the students. Third, the instructor had been very encouraging; the instructor had trained the integration of ICT
into the learning process step by step along with its application toward the related problems and the use of existing
software; as a result, it would be easier for the students to understand the matenials of item response theory
especially the materials that had been related to the mathematical equations and the courses that made use of
multiple complex software. The third aspect here had been in accordance with the results of a study by Ranasinghe
(2009).

The students encountered multiple obstacles during while they were mtegrating the technology into the
learning process. Their obstacles within the learming process were coming from multiple study programs (mult
entries), having not been accustomed to using Microsoft Excel, having not been accustomed to arranging analysis
syntax, having to deal with complex mathematical equations and having to use multiple software. The strategies that
had been taken in order to overcome these obstacles were designing handouts for the students and training the
students to have step-by-step understanding toward the concept in details. It tock a long time to implement these
strategies. These findings, by the way, had been in accordance to the results of several studies (Salehi and Salehi,
2012; Unal and Ozturk, 2012). The students also had difficulties in using multiple software. Therefore, using single
software that might cover all types of data analysis in IRT course 1s an urgent matter that should be pursued.
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