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Foreword

The International Olympiad in Informatics (IOI) community gathers each year during 
the olympiad and has the opportunity to communicate during this worldwide event. 
Each country has many things to present and discuss. The national olympiads do not ex-
ist in isolation, and the papers from the 11th IOI conference show how similar problems 
arise in different countries and different environments. 

The IOI Journal is focused on the research and practice of professionals who are 
working in the field of teaching informatics to talented students. The format for the 
Journal follows three tracks (since the 5th volume): the primary section of the journal 
focuses on research, the second section is devoted to sharing national experiences, and 
the last section presents book reviews and other related information. 

In this volume, we publish a detailed research on the development of the curricula 
for Computer Science education in schools, in the paper “On a Methodology for Creat-
ing School Curricula in Computing” written by professors Krassimir Manev and Neli 
Maneva. The authors propose an idea for methodology for the development of school 
curricula in computing. These ideas were raised during the IOI Workshop, held in Bito-
la, Macedonia, in April 2015. The main goal of the Workshop was to review the current 
state of teaching computing in schools in the presented countries and to propose some 
ideas for development of an International School Curriculum in Computing, based on 
the experience of the IOI community.

The paper “Learning and Teaching Algorithms Design and Optimisation Using Con-
tests Tasks“ by Sébastien Combéfis and his colleagues presents training materials built 
from contest tasks to teach and learn how to design algorithms that solve concrete and 
contextualised problems. The first learning modules will be built thanks to a pedagogi-
cal device that will be deployed during the 2017–2018 academic year. The next step of 
this work, after the creation of the first modules, will be their evaluation in real condi-
tions, that is, using them to teach algorithm design and optimisation related aspects and 
topics to interested learners.

The IOI conferences sustain the aim to become a part of, and to bring in, the wider 
pedagogical community. Each year there are typically one or two papers devoted to this 
purpose. In this volume we have a detailed paper titled “Learning Trajectory of Item 
Response Theory Course Using Multiple Softwares” written by Henri Retnawati from 
Indonesia. The paper describes learning trajectory of item response theory (IRT) that 
has been integrated to use multiple software and obstacles in an advanced IRT course. 
This design research study is of validation-study type with qualitative approach. The 
learning trajectory that had been hypothesized was based on the researcher’s experi-



ence in lecturing and in identifying the necessary requirements for each chapter in the 
course.

Michael Dolinsky presents a paper “A New Generation Distance Learning System 
for Programming and Olympiads in Informatics”. He proposes a new system, which 
supports teaching and learning of an arbitrary programming language, provides per-
sonal approach, and guarantees quality of knowledge and skills of graduates.

Antti Laaksonen discusses competitive programming in teaching university algo-
rithm courses, and Dennis Komm presents an introduction to runtime analysis for an 
SOI workshop. 

Some of the other papers in this volume deal with improving teaching and learning 
computer programming at secondary level, teaching graphs for students at lower sec-
ondary level, constructing problems in the sense of the IOI in Discrete Mathematics and 
Theoretical Informatics, and training world-class professionals in ICT. 

We also understand the need for continuing to share our national experiences – our 
problems are common problems. In the second part of the volume, Bulgaria, Japan 
and Kazakstan present thoughtful analyses on the situation in their countries concern-
ing informatics olympiads. IOI community members Bakhyt Matkarimov, Gregg Lee, 
Margot Phillips and Eljakim Schrijvers review IOI host guidelines and general aspects, 
which we hope will be of interest to our readership.

Finally, Antti Laaksonen presents a new book on Competitive Programming, and 
Krassimir Manev and Biserka Yovcheva announce the first European Junior Olympiad 
in Informatics. 

As always, thanks are due to all those who have contributed to the current volume 
and the IOI conference. A lot of work is required, not only to the writing of the papers, 
but also to an extended period of reviewing and revising. Peer reviewing of the papers 
takes a significant amount of time and work, and special thanks should be given to the 
reviewers. Many thanks to the reviewers Ingrianni Liem, Jari Koivisto, Rein Prank, and 
Noa Ragonis who wrote several reports and improved quality of papers.

In particular, we would like to thank the organisational committee for IOI’2017 in 
Tehran and the Iranian organisation of this year’s IOI for giving us the opportunity to 
host the conference.

   Editors
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Learning Trajectory of Item Response Theory 
Course Using Multiple Softwares

Heri RETNAWATI
Mathematics Department, Math ans Science Faculty, Universitas Negeri Yogyakarta
Yogyakarta, Indonesia
e-mail: heri_retnawati@uny.ac.id

Abstract. In a learning process with regards to 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 lecturing and in identifying the neces-
sary requirements for each chapter in the course. The data were gathered by means of observation 
during learning, course activities documentation and graduate school students’ learning 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 al-
though they might encounter with several obstacles.

Keywords: item response theory (IRT), software, obstacles in courses.

1. Introduction

In the activities of research, education and development in many fields, good measure-
ment instrument is an urgent matter. Such instrument will be more urgent if the compo-
nents under measurement within these activities belong to latent variables, which has 
been assesses through observable indicators. 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 analysis is conducted to identify the quality of each item in the instrument. 
This analysis might be conducted using classical test theory approach and item response 
theory approach. The classical approach is implemented in estimating reliability, item 
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difficulty and item discrimination index. Such approach is easy to implement in identify-
ing the quality of measurement instrument; however, this approach has weakness. The 
weaknesses are that there is dependency between the participants’ ability and the item 
parameters and that there is 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 of classical test theory has. In this item response theory, the latent 
trait that has been measured is called as ability (Hambleton and Swaminathan, 1985; 
Hambleton, et al., 1991). This ability is measured through the indicators of an instru-
ment, 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, might be applied towards the dichotomous and polytomous data; certainly, the 
application should involve different equation model. The reason is that the mathematical 
model of this item response theory is not linear; therefore, the item parameter and ability 
estimations might not be directly conducted. However, through certain process, both by 
means of maximum likelihood and Bayes method, the item parameter and ability estima-
tions might be directly conducted.

The skills of performing analysis to estimate item and ability parameters have been 
trained in universities especially in equipping university students as the researcher and 
psychometrical analyst candidates. These skills are trained through IRT course. In this 
course, the students learn multiple chapters related to item response theory or IRT, start-
ing 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 
computerized adaptive testing. All IRT concepts and their implementation make use of 
mathematical models and several analyses, such as item parameter and ability estima-
tions, are conducted by means of numeric approach; certainly, such approach demands 
software use.

Based on the course that has been taught in previous years, 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 stu-
dents’ learning trajectory during the course has also been less systematic; as a result, the 
students have been less able to understand the inter-chapter relationship. This situation 
has caused the students to have less experience in analyzed the data related to instrument 
characteristics using IRT approach, to have difficulties when they should implement IRT 
in their undergraduate thesis and to have been less able in using software for assisting 
their analysis.

In IRT courses under measurement concentration within Educational Research and 
Evaluation Study Program, Graduate School of University Negeri Yogyakarta, the stu-
dents come from multiple study programs (multi-entry). In one hand, this situation is 
beneficial because they come from both the exact study programs and the social science 
study programs. On the other hand, the lecturers who teach IRT become challenged be-
cause they should teach the students about multiple mathematical equations that lead to 
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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 measures. The software analysis de-
pends 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 unidimen-
sional 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 analy-
sis, the students can use IRTEQ (Han, 2009). In order that the students might understand 
and use these softwares, the course should implant the concept and the strategy of ap-
plication if the measurement activities are to be integrated into the software use.

Along with the development of science and technology, the integration of course 
implementation and software use has been an urgent matter. The integration of infor-
mation 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 con-
cepts provided it is applied appropriately.” His statement has also been supported by 
Ochkov and Bogomolova (2015). Several experts in the past had studied the integra-
tion of learning process and ICT use like Keirns (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 learning process is influenced 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 ex-
istence 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), insufficient 
equipment (Unal and Ozturk, 2012) and insufficient 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 learn-
ing process might achieve the expected results. These strategies have been proposed 
by Fu (2013) as follows: “more induction, orientation and training for students; an in-
creased emphasis on the importance of instructor 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 integration: technology plan, in-service training, strong infrastructures, 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 learn-
ing process.
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One of the parts in lesson plan is learning trajectory design. According to Simon 
(1995), learning trajectory includes learning goals, learning activities and hypotheti-
cal learning process. With the presence of learning trajectory, learning becomes so-
cial aspect, continuous iterative cycle and activity that enable teachers to attain learn-
ing 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 into IRT 
course become successful, the study is 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 activi-
ties 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 
(Lidinillah, n.d.). The design research model that the researcher deployed in the study 
was the study validation model by Nieven et al (2006, p.152). Validation study consisted 
of three phases namely preparing for the experiment/preparation and design phases, de-
sign 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, de-
sign 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 
learning 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 hy-
pothesized was conducted in 2015 and 2016 toward IRT course. The participants in the 
course were the students from Educational Research and Evaluation Study Program who 
had been concentrated in measurement. In 2015 there were six students and in 2016 and 
there were seven students who attended the course.

The data were gathered using documentation toward learning trajectory design and 
observation and documentation toward learning trajectory implementation. The results 
of learning trajectory documentations were the results of the students’ work from the 
practice in IRT course. These data then would be analyzed by means of Miles and Hub-
berman (1984) model through the steps of reduction, display and verification. The re-
sults 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.



Learning Trajectory of Item Response Theory Course Using Multiple Softwares 127

3. Findings 

In this section, the researcher would like to present the results of learning trajectory de-
sign 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 concentra-
tion 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 been studied but it had not been investi-
gated by using empirical data. In order that students had in-depth understanding 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.

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 
calculation 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 with 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 identified item parameters. The estimation might be performed 
using maximum likelihood approach and Microsoft Excel so that the students might un-
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derstand the process step by step. Then, by deploying the raw data in the form of partici-
pants’ responses toward the test with dichotomous scoring the students might estimate 
the preliminary value for the item and ability 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 pro-
vided a description toward the students in designing another program with regards to the 
application of IRT.

3.1.4. Estimating the Item Parameters and the Ability 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. Testing the IRT Assumption in Terms of Unidimension, Local Independent 
 and Parameter Invariance 
This assumption might be studied early before the item parameter estimation and the 
ability parameter estimation. However, due to the fact that the assumption testing had 
made use of the item parameters and the ability parameters that had been estimated, this 
step was put after the item and ability parameters estimation. The results of the estima-
tion that had 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 in order to proof that the instrument only measure one dominant 
dimension. This analysis principally calculated the eigenvalues of the inter-item correla-
tion matrix and it might be performed using SPSS software. The third assumption was 
the invariance parameters that made use of the results of item and ability parameters 
estimation.

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 polytomous data, the test participants’ responses 
were scored 0, 1, 2, 3 and alike. Similarly in the dichotomous data, each item in a test 
or in a questionnaire had item parameters and each participant had ability parameters. 
The relationship between the item parameters and the ability parameters was 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 estimation might also be conducted with the assistance 
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of PASCALE software; the output of 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 characteristics.

3.1.7. Understanding the Relationship Between the Item Parameters and the Ability 
Parameters for the Multidimension Dichotomous Data with TESTFACT
Similarly in the unidimensional items, the relationship between the item and ability pa-
rameters for the dichotomous data in multidimensional IRT was studied. The analysis 
for estimating item and ability parameters was conducted by means of TESTFACT assis-
tance and the item characteristics in this case was named as item characteristic surface. 
This item characteristics surface was visualized by means of MAPLE software.

3.1.8. 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 mul-
tiple methods such as mean and mean, mean and sigma and characteristic curve. At 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 dif-
ferential item functioning (DIF). This detection was conducted by calculating the dif-
ferent probability in responding appropriately toward the test items of two groups un-
der 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 inter-group difference might be identified both by drawing 
the characteristic curve and by drawing the item characteristic surface for the items that 
measured multidimension.

3.1.10. Determining the Cut of Score in a Test by Means of Bookmark Method  
that Had been An Implementation of IRT
Another implementation of item response theory was the determination on the cut of 
score, especially bookmark method. The steps in determining the cut of score were stud-
ied 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 com-
puter-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 partici-
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pants’ 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 learning trajectory that had been hypothesized then would be tested into Item 
Response Theory course. The results displayed 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 learning trajectory that had been hypothesized would be tested in Item Response 
Theory course. The results of each stage in the test were as follows.

3.2.1. Identifying the Weakness of Classical Test Theory
In order to identify 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 students also made use of 
the data from the documentation of Junior High School Mathematics National Exami-
nation in Indonesia. By comparing the item parameters in classical test theory between 
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 polyto-
mous data, the students used Excel while learning about several expressions of function 
that they had not understood.

3.2.2. Understanding the Mathematical 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 Fig. 1.

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 nonlinear function 
because the concept of linear function had been strongly embedded into their mind. By 
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providing the examples of nonlinear function case in 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 is lan-
guage, I have several difficulties in drawing graphics.”

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

3.2.3. Understanding the Parameter Estimation 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 ability ones, that caused the likelihood to achieve maximum 
values. In order to ease the process, the estimation might be conducted by means of 

Fig. 1. Model Comparison in Unidimensional Item Response Theory.
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Microsoft Excel software assistance. An example of estimation process would be pre-
sented in Fig. 2.

3.2.4. Performing Item Parameter Estimation and Ability Parameter Estimation  
by Means of Software
After performing semi-manual estimation, the students then were guided in performing 
the data analysis toward the test participants’ responses in order to 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 param-
eters 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 Fig. 3.

Fig. 2. An Example of Worksheet of Ability Parameters Estimation with Maximum Likeli-
hood.



Learning Trajectory of Item Response Theory Course Using Multiple Softwares 133

In this analysis, the students had difficulties 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 to-
ward 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 inputting the data, understanding the data and 
compiling the syntax analysis.”

“Well, this is it: reading the output results and interpreting them be-
come my problems.”

3.2.5. Testing the IRT Assumptions in Terms of Unidimension, Local Independence 
and Parameter 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 independent. The parameter invariance was proven by 
splitting an instrument set into two parts based on the ability; then, the students analyzed 
each part in order to estimate the ability parameters. Next, the students would pair the 
ability parameters to each participant in order to create the scatterplot. Similarly, the test 
participants’ responses were split in order to estimate the item parameters. The results 

Fig. 3. An Example of Output Results from the Analysis Using 3PL Model with BILOGMG
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of estimation were paired for each item in order to create the scatterplot. Proximity 
between the points in the scatterplot 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 ex-
ploratory 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 adjust-
ment took a relatively long time. An example of the analysis results would be presented 
in Fig. 4 and Fig. 5.
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3.2.6. Understanding the Relationship between the Item and Ability Parameters  
for the Polytomous Data
The students also used the similar stages in the dichotomous data for the analysis to-
ward the polytomous data. The stages are understanding the relationship between the 
item parameters and the ability parameters, drawing the item characteristic curve (also 
known as the category response function) and estimating parameters). The parameter 
estimation was conducted using QUEST software for the partial credit model (PCM) 
and PARSCALE for the partial credit model (PCM), graded response model (GRM) and 
generalized partial credit model (GPCM). An example of analysis output for the item 
parameters would be presented in Fig. 6, for the category response function would be 
presented in Fig. 7 and for the value of information function and measurement errors 
would be presented in Fig. 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 analy-
sis results. However, because they had experiences in analyzing the dichotomous data, 
it had been easier for the students to arrange the analysis syntax. The students’ opinions 
about this stage would be presented as follows.

Fig. 6. An Example of Output from the Results of Item Parameters Analysis Using 
PARSCALE.
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“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 is similar to that of the 
dichotomous data; this is pretty helpful.”

Fig. 7. An Example of Output from the Item Category Response Function with GRM-Type.

Fig. 8. An Example of Output from the Value of Item Information Function and Measurement Errors.
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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 multidimen-
sional IRT. First, the researcher introduced the mathematical models of multidimen-
sional IRT; then, the researcher would introduce the relationship between the item pa-
rameters and ability parameters. The item characteristics surface would be described 
with the assistance of MAPLE software. The analysis for estimating the item param-
eters 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 Fig. 9.

Although at the beginning the students had difficulties in understanding the math-
ematical relationship in the multidimensional item response theory, they found an in-
teresting 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 difficul-
ties 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 stu-
dents’ to respond item correctly.”

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

Fig. 9. An Example of Item Characteristic Surface that Measured 2 Dimensions
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3.2.8. Implementing IRT toward Equating
By using the data of participants’ responses toward several equal test sets, the stu-
dents were invited to implement IRT for the linking score, both in equating manner 
and in concordance manner. The practice of implementing the concept of linking score 
was conducted semi-manually by means of Microsoft Excel software, mean and mean 
method, mean and sigma method and characteristic curve method (Stocking and Lord 
method and Haebara method). After estimating the item parameters and the ability pa-
rameters, 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 imple-
ment the concept of linking score. An example of analysis resulted by IRTEQ program 
would be presented in Fig. 10.

3.2.9. Detecting Differential Item Functioning
To detect DIF, the students categorized first the responses of focal group participants 
and reference group 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 
Fig. 11 and for the dichotomous scoring would be presented in Fig. 12. In this stage, the 
students’ difficulties were more related to the technical aspects in terms of mathemati-
cal expressions in drawing graphics.

Fig. 10. An Example of Analysis Resulted by IRTEQ Program for Generating the Prediction Scores.



Learning Trajectory of Item Response Theory Course Using Multiple Softwares 139

3.2.10. 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 ordering 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 insight that they 
gained from the course. They also had ideas to conduct studies related to the IRT imple-
mentation in the future.
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Fig. 11. An Example of Category Response Function for the Focal Group and the Reference Group.

Fig. 12. An Example of Item Characteristics Surface for the Focal Group 
and the Reference Group Using MAPLE.
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3.2.11. 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 estima-
tion by means of one method such as maximum likelihood. 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 rela-
tion to these obstacles, there should be an in-depth understanding toward the concept 
of item 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, I have many questions in my mind. Anyway, the 
positive aspect is 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 in instrument item characteristics and its implemen-
tation such as equating, cut of score and CAT.”

4. Conclusions and Discussions

Paying 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 relation-
ship 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 learning trajectory that had been planned had given 
attention toward the necessary prerequisite materials. The materials that should be stud-
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ied were supported by the materials that had previously been mastered by the students. 
Third, the instructor had been very encouraging; the instructor had trained the integra-
tion 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 materials 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 integrating the 
technology into the learning process. Their obstacles within the learning process were 
coming from multiple study programs (multi 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 hand-
outs for the students and training the students to have step-by-step understanding toward 
the concept in details. It took 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 soft-
ware. Therefore, using single software that might cover all types of data analysis in IRT 
course is an urgent matter that should be pursued.
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