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Abstract

The aim of this study is to introduce the jMetric program which is one of the open source programs that can be
used in the context of Item Response Theory and Classical Test Theory. In this context, the interface of the
program, importing data to the program, a sample analysis, installing the jmetrik and support for the program
are discussed. In sample analysis, the answers given by a total of 500 students from state and private schools, to
a 10-item math test were analyzed to see whether they shows differentiating item functioning according to the
type of school they attend. As a result of the analysis, it was found that two items were showing medium-level
Differential Item Functioning (DIF). As a result of the study, it was found that the jMetric program, which is
capable of performing Item Response Theory (IRT) analysis for two-category and multi-category items, is open
to innovations, especially because it is open-source, and that researchers can easily add the suggested codes to
the program and thus the program can be improved. In addition, an advantage of the program is producing visual
results related to the analysis through the item characteristic curves.

Keywords: jMetrik, item response theory, classical test theory, differential item functioning.

INTRODUCTION

For researchers nowadays, technology has almost the same meaning as the software that they use every
day. Software products offer solutions for many challenges faced by the users. Technology extended
the usage of software analysis by accessing to a wider audience and by this means researchers at each
specialization level may develop themselves and experience different software products relevant to
their field. The use of software, which has a great importance in all fields in scientific terms, is of
great importance in terms of calculation, evaluation and development of statistics on measurement
results in the field of measurement and evaluation and psychometry. The statistics calculated and used
in the context of classical test theory (CTT) and item response theory (IRT), which have a very
important role in psychometrics, are complex, difficult in terms of manual calculation and time
consuming, which encourages researchers to use software. At this point, the needs of the researchers
may change over time and the need towards a software that is easy to use, cheaper or free, fast, open-
to-development increases day-by-day.

Classical Test Theory, which is also called as true score model occasionally, covers the mathematical
computations laying in the background of measurement tool development process. CTT is almost 100
years old and it is still widely used. The statistics, such as correlation among items, covariance,
difficulty index, discrimination power index, reliability coefficient, variance/standard deviation of the
sample, measurement error, etc. are calculated by CTT, which is mainly used for the purpose of
developing and improving the reliability and validity of measurement tools (Crocker and Algina, 1986;
Mcdonald, 1999). Most of the statistics covered in CTT are based on mean, ratio and correlation. The
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theory has a constant perspective to deal with important problems related to measurement. The need
of seeking for another test theory emerged due to several weaknesses of CTT, including: item and test
statistics depend on the test and on the group, which the test was applied; a single error estimation is
obtained for all ranges of skill level; and the weaknesses on test linking/equating. These weaknesses
led to the development of IRT that is seen as a significant innovation in the field of Psychometry
(Hambleton and Swaminathan, 1985; Embretson and Reise, 2000; Meyer, 2010). Individuals often get
low scores from difficult tests and higher scores from easy ones whereas their skill level stays constant.
This caused the development of another test theory, which is IRT, originally presented in the
manuscript of Lord and Novick (1968). Compared to CTT, IRT is stronger regarding the applications
of linking/equating, differential item functioning (DIF) and individualized computer test. Since the
statistics of IRT have more complex structure in terms of both computation and interpretation,
compared to the statistics of CTT, various software products were developed to facilitate the tasks of
the researchers in every sense. There are software products performing the computations of both CTT’s
and IRT’s statistics, as well as software products solely performing the calculations accordingto CTT
or IRT. CITAS, ITEMAN, Lertap, and TAP are the packages that are widely used by researchers,
using which only the analysis of CTT applications can be performed; BILOG-MG, flexMIRT, ICL,
MULTILOG, PARSCALE, PARAM-3PL, Winsteps and Xcalibre, IRT PRO, NOHARM,
TESTFACT, flexMIRT are the packages using which the analysis of IRT applications can be
performed; whereas jMetrik, R and Mplus are the popular software products can compute statistics for
CTT and IRT. Regarding the software packages, which considerably facilitate the computations of
IRT, researchers may only use the complete edition of jMetrik, PARAM-3PL, NOHARM and R free
of charge.

This study aims to provide information about the functionality of jMetrik software, which has been
developed to help statistical and psychometric procedures related to both CTT and IRT, and to indicate
the differences between jMetrik and the other software products. For this purpose, the readers are
informed about the functionality, installation, interface, strength and support of the software, and the
outputs of an analysis performed by the software were illustrated as an example.

jMetrik is a free, open source psychometric software. It can be run on any Windows, Mac, OSX or
Linux-based platform with a current Java version. The first version of the software has been released
in 2009, then the second version with two major revisions was released, followed by the third release
to which some statistical methods and interface changes were added. The current version of jMetrik is
jMetrik 4.1.1. Dr. Meyer, the developer and copy right owner of jMetrik, continues his work at the
University of Virginia.

jMetrik is a user-friendly software, it is designed to facilitate working in a production environment
and to enable each researcher to use advanced psychometric procedure . Compared to similar software
products, it provides a more integrated system in terms of carrying out psychometric analysis for
research and operational purposes free of cost, unlike some other psychometric software. jMetrik
provides comprehensive statistical and psychometric procedures such as descriptive statistics, IRT
parameter estimation, linking scales and score equalization. Moreover, jMetrik helps to create various
graphs and tables for the visualization of the data. The structure of software’s graphical user interface
is intuitive and easy to learn. In addition, it scales according to the experience of the user. New users
can execute psychometric procedures via pop-up menus with marks, whereas experienced users can
use jMetrik commands to automate the analysis. Another significant feature of jMetrik is being an
integrated database that allows users to easily organize and manage data. Results obtained from an
analysis can be saved in the database and they can be used as input for another analysis. There is no
need to manipulate or reshape the data between each psychometric procedure, which significantly
reduces the time required for a complete and comprehensive psychometric analysis as well as the
efforts made for analysis. jMetrik can perform many statistical and psychometric methods. The most
important of these are undoubtedly the analytic and psychometric methods that are related to IRT.

Although the frequency of use of jMetrik in international studies increased day by day, its national use
has not reached the desired level yet. jMetrik software is not known sufficiently, which may explain
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the reason of this fact. In the literature, there is only one national study concerning the introduction of
JMetrik (Aksu, Reyhanlioglu and Eser, 2017) which provides information about the functionality and
strengths of jMetrik, thus this study is considered to be important. It is believed that the introduction
of this software, which is easy to use and free of charge, to the researchers who want to perform
analysis within the scope of both IRT and CTT, will make significant contributions to future studies

FUNCTIONALITY of the SOFTWARE, STRENGTHS of the SOFTWARE, SOFTWARE
INTERFACE, SAMPLE ANALYSIS and SOFTWARE SUPPORT

Functionality of the Software

jMetrik is used for the calculation of statistics, reliability estimation, test scaling, DIF, nonparametric
IRT applications, Rasch measurement models, IRT models (3PLM, 4PLM, GPCM vb.), IRT linking
and equalization. jMetrik 4 has a great importance in the use of parametric and non-parametric IRT
applications. Ramsay (1991, 2000) has used Kernel Regression to directly estimate the item
characteristic curves for two-category and multi-category items. Kernel regression is a method used
not only to predict characteristic curves of the items but also to estimate curves for both groups (DIF).
In jMetrik, non-parametric IRT procedures can be easily saved in color, as .jpg or .png files.
Nonparametric characteristic curves provide an easy and fast tool to examine the data and analyze the
relationship between latent traits and correct responses. The only limitation of nonparametric
characteristic curves is the actual difficulty of each item and the subjective interpretation of
discrimination. Parametric IRT makes it easier to quantify these properties, compare the items, or
compare two different groups of the same item.

jMetrik offers two estimation options in terms of parametric IRT. Software uses maximum likelihood
estimation for Rasch, partial credit and rating scale models (Wright and Masters, 1982). Partial credit
model is formulated by the item difficulty parameter and two or more threshold parameters. Regarding
rating scale model, it can be said that it is a special case of partial credit model with threshold
parameters. jMetrik uses Proportional Curve Fitting Algorithm (Meyer and Hailey, 2012) instead of
Newton-Raphson Method for individual, item and threshold parameters. The software computes
goodness of fit statistics for the items and the individuals in addition to parameter estimations. In
addition, scale quality statistics such as separation and reliability can be calculated within the scope of
the software.

jMetrik, uses marginal maximum likelihood estimation (MMLE) for two-category and multi-category
IRT models, including 3-Parameter Logistic Model (3PLM), 4-Parameter Logistic Model (4PLM),
and generalized partial credit model (GPCM). In addition to MMLE, the software offers Bayes Model
Estimation and normal, lognormal, four-parameter a priori beta distribution options for each item
parameter. Generalized S-X2 Statistics are used in terms of item fit of these models (Kang and Chen,
2007; Orlando and Thissen, 2000). jMetrik has three options for scoring the individual characteristics,
which are maximum likelihood, maximum a posteriori (MAP) and expected a posteriori (EAP).
Software options allow the creation of output tables with analysis results, which can be used as inputs
in the procedures such as linking the scales, etc. (Meyer, 2018).

jMetrik offers two options for depicting the analysis results of IRT. The first method provides item
characteristic curves, information functions and standard error functions for all items separately and
for the whole test. The software uses the information contained in the output tables to automatically
select the appropriate IRT model and produce these graphics quickly. The second method provide item
maps in the analysis results. Item mapping method is quite common within the scope of the Rasch
measurement model and it illustrates the distribution of individual’s skill estimates and the distribution
of item parameter’s estimates in the form of two histograms with a common axis. The method is useful
in terms of assessing the quality of match between individuals and items, and to determine whether
more (or less) items are needed to obtain a more precise (or more effective) estimate of individual’s
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skill. In other words, the method is a tool that guides the selection of items for the test development
process and the test.

Psychometry experts usually need to link the items in different test formats in a common scale or
equalize the scores . jMetrik offers several options for linking under IRT and the equalization of non-
equivalent group design in the data collected according to a common item. These options are
simultaneous calibration, constant common item parameter and conversion coefficient methods.
Within the scope of jMetrik, simultaneous calibration and constant common item parameter methods
are limited to Rasch model family at the moment. The conversion coefficient methods covered in
jMetrik include a wider range of IRT models, including 3PLM, GPCM and graded response model
(PRM) (2PLM, Rasch and partial credit model options, which are special cases of these models are
included within the scope of the software). Linking the scales can be executed in a combination with
one of these models or with any model (mixed test model). Conversion coefficient methods covered
in jMetrik includes mean/average (Loyd and Hoover, 1980), mean/sigma (Marco, 1977), Haebara
(Haebara, 1980) and Stocking-Lord (Stocking and Lord, 1983) procedures. For the characteristic curve
methods, the type of distribution that minimizes the criterion function can be selected. Evenly spaced
points can be used from a normal or uniform distribution, four points and weights, or a histogram of
estimated individual skills’ values. jMetric has the option of minimizing these distributions by forward,
backward or symmetrical moves of criterion function (Kim and Kolen, 2007).

Linking scales places the parameters on a common scale. Linking scales is sufficient for achieving
comparable scores at the point where the conversion of the participant's skill occurs in the metric to be
reported. On the other hand, an additional score equalization step is needed if the reporting metric is a
conversion of the observed score (Cook and Eignor, 1991; Meyer, 2018). In such cases, jMetrik allows
users to perform IRT real-time score equalization procedure through single-format or mixed-format
tests

Regarding DIF, Mantel-Haenszel, Joint Probability Effect Size, Standardized p-DIF effect size and
ETS DIF classification levels can be obtained within the scope of jMetrik. These statistics help to
evaluate the statistical and practical importance of DIF.

Advantages of the Software

jMetrik is a Java application and it works on Windows, Max OSX, or Linux operating systems with
Java 7 or a higher version. jMetrik does not require more than 512 megabytes of available memory.
This memory allocation is sufficient for large samples up to 1,000,000, but it can be increased when
needed.

Another advantage of jMetrik is that it uses a single frame to combine psychometric methods that
require multiple software, which allows a researcher to quickly switch from one analysis method to
another (For example, the output of parameter estimation of jMetrik is input for linking scales). This
tight integration contradicts other software. A researcher who has not used jMetrik may need a
maximum of three software to re-shape and manage the data, to estimate item parameters, and to
establish a scale linking. Even with a software like R, it is important to be able to operate functions of
a package efficiently with the functions of another package. jMetrik is designed to avoid this hassle
by integrating the workflow for various psychometric procedures.

jMetrik has a user-friendly interface that is easy to use. Analysis can be performed from point-and-
click menus and dialog boxes. This feature allows new users to learn the software quickly and also
makes teaching a lot easier. With conventional software, the time devoted to the course is consumed
by the time required to debug old archaic syntax and Fortran format expressions. The point-and-click
interface of jMetrik prevents these struggles and allows trainers to regain their time for teaching the
theory.

The point-and-click interface is the most obvious way to perform an analysis in jMetrik, but this is not
the only way. Each analysis can also be executed and automated through syntax. The task of analysis
windows is to generate code in the background. All codes executed by the software are saved in the
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log. A user can save the log and scripts for later use and edit them. In jMetrik, the command log is
separated from the error log. The command log keeps a record of all methods executed by a user. It
can be saved and used to run the analysis again with a few changes (for example, changing the names
of the data tables).

With jMetrik, a more transparent approach was adopted to psychometric calculation. The use of
personal software that are closed to improvement is seen as a statistical norm in the development of
large-scale tests but this limitation makes it difficult for stakeholders to check and verify the integrity
of the software. There are two publicly available Java libraries for jMetrik: jMetrik library contains all
interface and database codes; whereas psychometry library contains all measurement and
psychometric methods. All codes of the software are available online at www.github.com, a storage
space integrated with git software. Anyone can browse and install source codes. Programmers who
know Java programming language can make changes in the codes, they can add patches and new
features (Code changes are added to the library after review and approval). Psychometry library
provides royalty-free use in special software without licensing and any conditions, allowing the
institutions to use the psychometry library to create registered systems at institutional level using
public tools.

www.ltemAnalysis.com is the official website of the software. The website also includes sample data
files, quick procedures for the software, and answers to frequently asked questions. Questions about
the software are answered very quickly by the software developer himself. jMetrik is an open source
application distributed under General Public License version 3 or higher. Source code of psychometric
procedures covered by jMetrik is also open source and it is distributed under Apache License version
2 and it can be installed from https://github.com/meyerjp3/psychometrics address.

At the same time, factor analysis with various rotation method options, polychoric and polyserial
correlation analysis can be performed within the scope of jMetrik.

CTT analysis within the scope of JMetrik includes item and test analysis and test scaling. Classical
item analysis includes the options such as item statistics, reliability analysis and conditional standard
error of measurement. The analysis output of CTT, which includes item statistics, test statistics, and
reliability analysis, can be saved as a text file. The output contains item difficulty, standard deviation,
and two different item correlations (biserial correlation and point-biserial correlation) for each of the
multiple choice and structured open-ended items. In addition, five different reliability calculation
methods are available, namely Guttman’s Lambda, Cronbach’s Alfa, Feldt-Gilmer, Feldt-Brennan and
Raju’s Beta. Decision consistency and accuracy estimates are provided for item analysis: Huynh’s
Raw Agreement, Huynh’s Kappa, KR-21,Beta-binamial alpha and Beta-binomial beta. The classical
item analyzes offered by jMetrik are very comprehensive for all user levels in both research and
practical environments.

Test scaling options of CTT are very easy to use in jMetrik and many options are available. Users can
quickly convert the data to overall, classifying percentage, Kelley’s true score and normalized score.
At the same time, users can determine the constraints for minimum, maximum and precision points,
in addition to these they can also perform an optional linear conversion. CTT analysis provided by the
software offers a point-and-click type interface similar to SPSS and Excel.

SPSS files (.sav) can be directly imported to jMetrik and the software can convert the data set to a file
with .sav extension and export it.

Installing the Software

Researchers may install 4.1.1 version of jMetrik software, released in February 2018 from the address
https://itemanalysis.com/jmetrik-download/after determining the appropriate operating system for
their computers. During the installation of the software, if the java application on the computer is an
older version, the software will direct you to the latest java application. The minimum java version
required for jMetrik software is 1.8, otherwise the software will not function properly. To install the
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software, install it here first link under the heading “install jMetrik version 4.1.1” should be clicked.
After installing the setup file to your computer, the install process is continued by clicking the Run
button. Then, the installation is continued by clicking Next button on the screen shown in Figure 1.

] Setup - Metrik 411 E=ARE X

Welcome to the jMetrik Setup Wizard

This will install jMetrik on your computer,

A previous installation has been detected. Do you wish to update
that installation?

i@ ies, update the existing installatiors 0

() Mo, install into a different directory

Click Next to continue, or Cancel to exit Setup.

Mext = ] [ Cancel ]

Figure 1. jMetrik Software Setup Screen

After this operation, click the option to accept the terms of the license agreement as in the installation
of other software and click Next button. The shortcut of jMetrik software will be added on your desktop
after completing the install process as described above.

Software Interface

The main interface of jMetrik software is shown in Figure 2. This interface consists of a) the main
menu and toolbar area, b) a list of database tables, c) a tabbed pane showing a view of the data and
analysis output, and d) a status bar providing feedback to the user. The main menu allows you to access
software procedures. For example, data management features such as import and export can be
accessed through the manage menu; whereas psychometric procedures can be accessed through
transform, analyze or graph menus.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 170



Aksu, G., Glzeller, C. O., Eser, M. T. / IMETRIK: Classical Test Theory and Item Response Theory Data Analysis
Software

|£| jMetrik = | B |-
File Edit Log Manage Transform Analyze Graph Commands Help
LER®E & @ % >0 BEh

Var1 | Var2 | Var3 Vard Varb Varf | var7_|
&

D

a¥

FLS J e

Data | Variables
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Figure 2. jMetrik Software Main Screen

Selecting an item in the main menu creates a window with options available for analysis. The
components in the windows (radio buttons, checkboxes, etc.) directly correspond to various jMetrik
commands. The user has to select the options she/he needs for her/his analysis and then press the run
button. When the run button is pressed, the instruction for the analysis is automatically recorded into
the log file of the software and the analysis is performed. To view the command (and all other
commands that run during a session), log> script log path in the main menu is followed. Errors and
other problems are recorded in a separate area that can be displayed by following log> view log path.

Any analysis in jMetrik can be performed by typing the commands or by copying and pasting them
into command index. A new text file is opened by following File> New path and the command is
entered into the new text file. The file directory can be saved by following File> Save As path. To
perform the analysis, Commands> Run Commands path is followed in the main menu after entering
the command (or multiple commands).

Preparing Data for Analysis

Data is usually presented in the form of tables or databases. However, the data storage method of
jMetrik software is the input of data that you have previously obtained from different databases.
Therefore, when performing analysis with jMetrik software, the database must be defined first. Figure
3 shows the procedures to be followed to create a database.
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%‘ Delete Database... A
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=F Import Data... T e "
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Export Data... L 3
T Eprdee 4 Create New Dat =
Export as SPSSfile.. |t LU0 e.__
& Delete Table... o nnzat
@ Subset Cases... Pralesr irins F |
[}, SubsetVariables...
= Delete Variables... | Create | | Cancel |
A
[ * Oy . h
e P v
L 4 . e 1Y
- / : 3. Click Create button. =l
[ Data [ variavtes | s :

I Ready I

Figure 3. JMetrik Software Database Creation Window

After this process, the creation of the database defined as dmf in the example application is completed
by clicking Create button. The appearance of ready sign at the bottom left of the screen means that
the database is created. The next step is to open this database by following Manage >> Open Database
steps. Figure 4 shows how to open already defined database.

, |

deneme

deneme?
deneme3
denemed

~~~~~ 4. Select the database named dmf from
already defined databases.

l Open J lDanceIJ

Figure 4. jMetrik Software Database Opening Window

After this process, the name of the created database will appear in the open database window as in the
Figure 4. After opening the database, the data file that will be used for the analysis should be imported
into the software. jMetrik software can process different data types easily, in order to transfer data to
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jMetric, select Manage >> Import data. After this operation, the main screen shown in Figure 5 will
appear.

% 6. Click Manage main menu Import -h--:-

File Edit Log o8 Trapgfaum. Asaees =" Data sub-menu. 1
EI E @ @ oW B atanas el 0 @-U.E ......................................... £
OpenDatzhase. R T T T IR TTeoT
& Delete Database. . 1, | vz | — B 7. Set the name of the table that will contain the data in
= | £ Import Data ‘ the window that is anened.
[ Table Descriptions... snrrsazses L aessesssssssesssssssssssssssssgessssssssssses
F Table Name: ‘ ‘
Import SPSS file_ .
@ Export Data... Diata File: l‘ Browse
Export as SPSSfile... Descrintion e
I Delete Table... ESCHDE O .l .......................................... o e, .,
[@, Subset Cases... : 8. Click Browse button to introduce the folder or file, in
[ SubsetVariables... i which the data in different formats is located, to the i
I Delete Variables... i software.
|'. --------------------------------------------------------- r ------------ *
-
'5. Impaort ..J.,,,L_._._[_:.a.ncsa.lnj
—l Da‘tal vallauies | R et T -
9. Finally click Import button. S
Ready I dmf Yppp— kR v

Figure 5. jMetrik Software Data Transfer Window

In order to transfer already prepared data file to the software, click the Browse button shown in Figure
4 and make the definitions in the window that is opened. In the data definition window shown in Figure
6, enter the information such as type of data file and how to define the data and if first row contains
data names.

, ﬂ
s impo oo i R ==

Lookln: |[ES iMetrik makale - |"'] | GE | | = || & (=] ][ =
[ ] data.be e ———— . Delimiter
' 10. Select the folder containing the data = Comma
o, i file. : ) Tab
2% : Do " () Semicolon
L . ansmsssssEssEsssEEEEnnEn r-.:...................................---......‘.‘:",ﬂ' R o '::.:' Colon
i 11. Mark the data file : et e )
B v Pitiae K Variable Names
EEysssEEEEEEEEEEEEEEEEEEEEEEEEEEEEE e s n EEEEEEEEEEEEEEEEEEEEEEEEEEE . TP .  ——
12. Click Tab. E (=) rst row
P s R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE T :_‘_','.'-'-""
TR Tl O None
i 13. Click In first row. :
File Mame: data. td i
T e =
14. Click OK button. B ok ] [ cancel |
Figure 6. jMetrik Software Data Definition Window — |
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After the necessary definitions, click the OK button and the table containing the data will be imported
to the software. If the import operation is carried out correctly, the table named “dmf” will be shown
in the window on the left side of the jMetrik main screen. Sample data file contains the answers given
to a 10-question math test by the students from two different schools, defined as state and private
school. The data file can be seen by double-clicking the dmf table in the window shown in Figure 7.

. .
B B WS et
File Edit Log Manage Transform Analyze Graph Commands Help
CEREE & @@ [ D O @[ & RefeshDataView
||j DMR, | okulu | soru’ | soru sorud sorud sorus | sorug
0 1,0000 1,0000 1,0000 1,0000 0,0000 U,UdT
0 1,0000 1,0000 1,0000 1,0000 1,0000 1,0[’).
D 1,0000 1,0000 1,0000 1,0000 1,0000 1.0
RETTREE t “ternnnan | SRR S 14,0000 1,0000 1,0000 1,0000 1,0000 1.0
i 15. See the data file by double clicking 2000 e Lol LLLLe Lol Ll
i the table called DMF. pUDU 1,0000 1,0000 1,0000 1,0000 1.0 |
: 0000 1,0000 1,0000 1,0000 1,0000 1.0
*tiassssssssssssssssennnnannnn T TLI T LI LI TT I rTY r,'DDUD 1,0000 1,0000 1,0000 1,0000 1,0
o 1,0000 1,0000 1,0000 1,0000 1,0000 1.0
o 1,0000 1,0000 1,0000 1,0000 1,0000 1,0
o 1,0000 1,0000 1,0000 1,0000 1,0000 1.0
D 1,0000 1,0000 1,0000 1,0000 1,0000 1,0 L
0 1,0000 1,0000 1,0000 1,0000 1,0000 100w
- R__ ) e
—l Data l Variables 1 scaled @ 1 scaled 3 1 cmh5 @ J
Done: 0 secs, 172 msecs I dmf I

Figure 7. jMetrik Software Data Definition Window — Il

Researchers will encounter a window with which they are familiar from different data analysis
software. In this window there are two tabs; the one called Data contains the data and the other called
Variables contains the variables. If required, researchers may easily correct missing or incorrect data
from this window. The most important process to be done after the introduction of the data to jMetrik
software is defining how to score this data. Otherwise, jMetrik software will not perform any analysis.
For this reason, Transform >> Advance Item Scoring steps should be followed and the way of scoring
the data should be defined. At this stage, meaning of the numbers in the options must be defined in
this step for each variable, as shown in the main screen illustrated in Figure 8.
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16. Show the method to follow for the Forus
scoring of the defined variable. Yoru?
AN NN NN NS EAE NN EEENEEEEEEEEEEEERARE anm ‘éorua
Sg.-.ﬁ ...... .
st 17. Select item and transfer it to the window at :
4 = the riaht.
Scoring Syntax
|a
19. Click OK button c
CesssssssssssssmsEssEREREE ....__."‘.4:,:.:.:’::
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Figure 8. jMetrik Software Item Scoring Window

Similarly, the items included in the test are scored as 1-0 in terms of being right and wrong, and OK
button is clicked. Differential Item Functioning (DIF) analysis performed as an example in the study
addressing whether the responses given to 10 items differ significantly according to students' school
type (state or private) or not. The steps to be followed for DIF analysis referred in the context of the
bias study, which is considered to be one of the evidences to be presented regarding the item validity,
are Analyze>>DIF: Mantel-Haenszel steps. You will then see the main screen shown in Figure 9.

- -
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Figure 9. jMetrik Software DIF Analysis Window
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Test scaling menu is used to create the total scores in jMetrik software. In DIF analysis, the total scores
obtained from all items will be used as the comparison variable; after the necessary descriptions, RUN
button is clicked to complete the analysis process. The result of the analysis is the Output file shown
in Figure 10.

DIF ANRLYSIS
dmf . DMF1
Kasim 1, 2018 13:13:10

Item Chi-square p-value Walid H E.5. {95% C.I.) Class
sorul 0,08 0,80 169 1,22 { 0,27, 5,42) I
socru 0,48 0,439 362 0,72 { 0,29, 1,79) ey
soru3 0,34 0,54 367 0,78 { a,37, 1,72) R
scrud 0,139 0, &7 57 0,76 { 0,22, 2,68) n
socrul 0,63 0,43 352 1,37 { 0,64, 2,92) s
soruf 6,48 0,01 352 2,52 { 1,22, 5,139) B-
socru’d 1,72 0,139 333 1,45 { 0,83, 2,53) R
3orud 7,77 0,01 357 0,30 { a,12, a,72) B+
3cru’d 0,00 0,99 357 1,00 { 0,62, 1,681) I
scrull 2,30 0,13 367 0,57 { a,27, 1,20) ey

Opticns

Matching Variable: toplam
DIF Group Variable: okulu
Focal Group Code: D
Reference Group Code: O

Elapsed time: 0 3ec3, 219 msecs

Figure 10. jMetrik Software DIF Analysis Results Window

As a result of DIF analysis, it was found that question 6 has a moderate differential item functioning
in favor of the focus group, whereas question 8 has a moderate differential item functioning in favor
of the reference group. Other questions in the test were found to have negligible DIF (A).

Support for the Software

To get an insight about the software, new users can read quick start guide that can be found in
https://itemanalysis.com/jMetrik-quick-start/ address. For reaching frequently asked questions about
the software and the answers https://itemanalysis.com/jMetrik-fag/ can be visited, whereas
https://groups.google.com/forum/#!forum/jMetrik-user-group can be visited for more detailed
question. Applied Measurement with jMetrik, which was written by Dr. Meyer, the developer of the
software, is the source book containing the theoretical information about CTT and IRT and the sample
analysis of the software. The book can be used as a guide containing general information about CTT
and IRT and the use of jMetrik. The book consists of 10 chapters, namely Data Management, Item
Scoring, Test Scaling, Item Analysis, Reliability, Differential Item Functioning, Rasch Model, Multi-
Category Rasch Models, Graphical Representation of Item and Test Properties, IRT-Based Scale
Linking and Score Equalization.

RESULTS and DISCUSSION

JMetrik is a software by which CTT and IRT based data analysis can be performed under a single roof
without requiring any other software. IRT analysis of two-category and multi-category items can be
carried out by jMetrik. Differential item function analysis can be performed based on IRT. Analyzes
that can be performed using pop-up windows help researchers to perform analyzes very easily. In
addition, each analysis can be carried out through commands. Being an open source project, jMetrik
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is a software that can be installed and used at no cost. Owing of being open source, either the codes
created by people contributing to jMetrik can be used or the researchers can create their own codes. In
this way, the researchers can contribute both to themselves and to other researchers who use jMetrik
across the world. It is thought that being free of charge puts the software one step ahead of the other
software packages that can perform the same analyzes but can only be used by paying a fee. Applied
Measurement With jMetrik, the book written by the developer of the software can be used as a
reference guide for the software.

In addition to these advantages, some aspects of jMetrik should be developed. Currently, the
calculations of Multidimensional Item Response Theory (MIRT) cannot be performed within scope of
the software. But given that the software is open source and therefore the researchers have the
opportunity to contribute to the development of the software, this limitation is thought to be overcome
easily in the future. Although the reference book Applied Measurement With jMetrik, which has been
written by the developer of the software, contains information about how to use the software, the
version used while writing the article is different from the current version, therefore, a very
comprehensive resource, including information on additional analyzes and software features in the
current version, will be helpful for users. The web address created for reaching frequently asked
questions and answers about the software and the web address created for answering more detailed
questions about the software need further improvements. Consequently, considering the advantages
and disadvantages of jMetrik it is thought that the software will help researchers in answering many
problems related to CTT and IRT and the execution of the application; it will reduce the workload of
the researchers considering that it is free and open source and the analysis can be performed easily and
quickly; having knowledge about the formulas working in background algorithms in account of being
open source and the quality of the outputs in terms of readability will also contribute to ease
researchers’ workload. Psychometry and measurement software review studies in the future, can be
carried out considering the strength and weaknesses of the parameters related to the analysis that can
be performed by the software to be compared.

In addition, the jMetrik program reports the results of the analysis on its own interface compared to
the other IRT analysis programs. As with other software, researchers can easily move these outputs to
their work areas. In addition, the parameters obtained in jMetrik are very similar to the programs such
as IRTPRO, BILOG and PARSCALE. Since the theoretical foundations of the program are inspired
by the most commonly used IRT programs in the literature, it provides a great advantage to the users
in interpreting and reporting the results of the analysis. In relation to that Aksu, Reyhanlioglu and Eser
(2017) found that the results obtained from BILOG, IRT PRO and JMETRIK programs have
correlation values of .99 and above in terms of both item parameters and ability estimations and it is
an indication of how the results of the program are consistent with other programs used in the field.
jMetrik program can perform analyzes in a very short time compared to other programs. The only
negative feature related to the program is that the analysis cannot be performed without performing
the database creation process which is not defined in other IRT programs. As a matter of fact, since
jMetrik is Java based, researchers should first create a database where they can perform analyzes and
then transfer their data to this database.
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