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Abstract

This study explores the challenges of implementing computerized adaptive testing (CAT) for mathematics
assessment among prospective elementary school teachers in Indonesia. It aims to describe (1) assessment
practices of mathematics lecturers and (2) challenges in adopting CAT. Using a qualitative
phenomenological approach, data were collected from 17 mathematics lecturers across Indonesia through
questionnaires followed by in-depth interviews with four lecturers unfamiliar with or struggling to use
CAT. Findings indicate that paper-and-pencil tests and computer- based testing (CBT) dominate university
assessments. Key barriers to CAT adoption include limited lecturer knowledge and skills, technical
constraints, inadequate infrastructure, and incompatibility with essay-based assessments. Despite these
challenges, lecturers express interest in a more accessible and cost-effective CAT. The study concludes that
lecturers acknowledge CAT’s potential to enhance fairness and accuracy in testing while they face
difficulties in its implementation. A targeted CAT development program aligned with lecturers' needs with
institutional support is essential for successful integration. CAT has the potential to improve assessment
effectiveness and efficiency in Indonesian universities aligning with technological advancements and 21st-
century education trends.
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Contribution of this paper to the literature

This study explores the challenges of implementing computerized adaptive testing (CAT) in
Indonesia focusing on issues such as infrastructure, digital literacy, and regional disparities. It
underscores the importance of comprehensive strategies to address these barriers, providing
valuable insights for policymakers, teachers, and lecturers to enhance assessment practices
within Indonesia's evolving educational system.

1. Introduction

Education is a fundamental human need as people are naturally inclined to seek knowledge that enables them
to address challenges and enhance their quality of life. Consequently, educational institutions are consistently
sought after by prospective students, including future teachers (Castillo-Paredes, 2021; Ebenbeck & Gebhardt,
2022). A critical component of education for evaluating learning outcomes and for selecting future teachers is
assessment (Dasopang, 2017). Assessment activities engage students and instructors in processes that begin with
creating instruments for measurement. Each step of this process is interlinked, meaning that the quality of one
stage impacts subsequent stages and, ultimately, the overall quality of the assessment.

Globally, assessment practices have evolved as experts develop new theories to enhance assessment quality.
This evolution has seen assessment instruments progress from classical test theory (CTT) to item response theory
(IRT) with the aim of creating more accurate and reliable tools (Fleming, Wilson, & Ahlgrim-Delzell, 2018). While
many studies favor IRT for use in computerized adaptive testing (CAT), it requires stringent sample sizes. In some
cases, analyses from both IRT and CTT yielded similar difficulty index results across difterent test packages
(Kartowagiran, Mardapi, Purnama, & Kriswantoro, 2019). Analysis using CTT can still be done but it is less suitable for
use in CAT. However, it works well for paper-and-pencil tests and CBT. The data were analyzed using classical test
theory with difficulty levels, discriminating power, and distractor functionality. The test validity was assessed
using Aiken's formula, and reliability was estimated using Cronbach’s alpha. For example, the study found that, of the 20
initial multiple-choice items, 15 were valid and reliable and had good item characteristics with an average difficulty level
rated as moderate at 0.28, a good discriminating power of 0.31, a good reliability coefficient of 0.79, and all
distractors were functioning well (Hamdi, Suganda, & Hayati, 2018).

In developing assessment instruments, utilizing contemporary theories like IRT is crucial for maintaining
relevance and eftectiveness. IRT introduces dimensions of abilities or traits, tailoring test items to individual test-
takers' characteristics. IRT operates on three core assumptions which are as follows: unidimensionality, local
independence, and parameter invariance (Wilson & Narasuman, 2020). To support CAT, a robust item bank is
essential. IRT can be used to evaluate item quality, for example, through Rasch analysis. When inadequate items
are identified, they are professionally revised, recalibrated, and included in a high-quality item bank, strengthening
the psychometric and theoretical foundation of CAT tools (Yim, Lye, & Koh, 2024). The question bank is tested
before being used in CAT. A set of questions is usually grouped into several test packages during the trial. There is
a study that describes five methods for developing parallel test items of the multiple-choice type in mathematics.
The findings of the study show that teachers use five methods in developing test items, namely: (1) randomizing
the question numbers; (2) randomizing the order of the answer options; (3) writing questions with the same context
but different numbers; (4) using anchor items and (5) writing different questions based on the same specification
table (Pramudita, Rosnawati, & Mam, 2019).

Several factor analyses support the development of quality test and non-test instruments. Two commonly used types of
factor analysis are exploratory and confirmatory. A study collected data using an online survey technique.
Confirmatory factor analysis was then used to analyze the data. The results of the study show the following six factors
that contribute to academic stress among students: academic demands, parent-child relationships, traumatic childhood
experiences, peer pressure, financial issues, and self-expectation. It is hoped that further research involving other
factors of academic stress among students can be conducted to provide additional information on this topic (Siwi,
Anindyarini, & Nahar, 2020).

After analysis, the instrument shows that the construct validity is proven by the standardized loading factor value which
is considered significant and the instrument's reliability based on the high construct reliability coefficient, such as
0.890 indicates that the instrument is of good quality (Hudha & Mardapi, 2018). Instrument quality testing can also
be done through questionnaire validity analysis using confirmatory factor analysis (CFA) (Imawan, Retnawati,
Haryanto, & Ismail, 2024; Ismail, Imawan, & Nadhifah, 2023). The reliability estimation of the questionnaire is
done using composite reliability. All instruments must have an appropriate model, construct validity, and reliability that
meet academic requirements based on field studies (Gunartha, Sulaiman, Suardiman, & Kartowagiran, 2020). A good
instrument is one with strong content validity and construct validity. There is a study in which content validity
was achieved using the Lawshe’s method and the CVR formula while construct validity was obtained through
exploratory factor analysis using the SPSS program and later confirmed with confirmatory factor analysis using
the Lisrel program. The construct validity was proven by the significant MSA value and the loading factor value.
The fit of the construct model with the data was indicated by a p-value of 0.68 (= 0.05), a root mean square error
approximation of 0.00 (< 0.08), and a goodness of fit index of 0.94 (> 0.90). The reliability of the instrument was 0.774,
which means it is reliable (FFardhila & Istiyono, 2019).

One way to select good test items for inclusion in a CAT question bank is through DIF analysis. Item
differential function (DIF) describes a situation where test takers with similar abilities but from different demographic
groups have different chances of achieving the same result. A DIF study found that through CIA, it can be proven
that DIF-free items have better construct validity. The implications of this study are expected to inspire counseling
psychologists to be more cautious when using rating scales or instruments (Ismail, Retnawati, Arovah, & Imawan,
2024; Sumin, Sukmawati, & Nurdin, 2022).

Several item analysis methods facilitate polytomous scoring because not all instruments have dichotomous results. A
study focused on items with polytomous scoring aimed to investigate the advantages of assessment by utilizing the
combination of the MCM/GPCM model compared to the SPLM/GRM model within a mixed-item format in mathematics
tests. The results of the study showed that the combination of the MCM/GPCM model provided more accurate
estimations than the SPLM/GRM model (Abadyo & Bastari, 2015).
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One advantage of IRT in assessment analysis is its ability to determine levels or categories achieved by test-
takers. This enables a detailed analysis of item characteristics and accurate ability estimates based on an ability
scale (Otaya, Kartowagiran, Retnawati, & Mustakim, 2020). A challenge in CAT is the need for a well-constructed
item bank as sample sizes can affect analysis quality. The 2PL model can achieve stability in providing item
parameter estimates using a minimum of 1000 trial respondents (Ibrahim, Retnawati, Irambona, & Orantes Pérez,
2024). 2PL analysis, namely analysis that produces parameters a (differentiating power) and b (level of difficulty),
can provide insight into the academic relevance of the content being tested in the use of CAT (Karimah, Retnawati,
Hadiana, Pujiastuti, & Yusron, 2021). The research findings indicate the learning achievement tests for grades VII
and VIII have a difficulty level (location) categorized as moderate (0.190 and 0.451), and a discrimination index
(slope) in the good category with averages of 0.700 and 0.633 meaning that a good 2PL IRT analysis is required to
produce a well-designed test instrument (Nisa & Retnawati, 2018).

Currently, 8PL models (with additional "guess" parameters) and 4PL (with additional "carelessness"
parameters) are increasingly being used to obtain test item parameters, although the Rasch, 1PL and 2PL models
are still more frequently used (Pardede et al., 2023). This 4PL model is used with consideration of sufficient
knowledge, the need for additional information and if the test taker has high ability (Siwi et al., 2020). IRT ofters a
consistent analysis of test item characteristics because it assesses the inherent properties of the test items without
dependence on the test taker. On the other hand, CTT analysis produces test item characteristics that are
influenced by certain test takers, so they are not consistent when used on different test takers.

The 8PL analysis has become increasingly popular. For example, a study aimed at analyzing the characteristics
of the EPOT instrument, which consists of listening, structure, and reading subtests, and subsequently identifies the
quality of each EPOT test item. This test, called the English Proficiency Online Test (EPOT), follows the TOEFL ITP
(Institutional Testing Program) framework. The study employed a descriptive quantitative approach by describing the
characteristics of EPOT test items in terms of item difficulty index, item discrimination index, test information function and
test measurement errors. All subtests fit the 3-PL model based on the analysis results. Most of the EPOT test items showed a
good range of difficulty and discrimination indices. The EPOT information function indicates that accurate items
are used in the 3-PL model for specific ability ranges (Siwi et al., 2020).

The advantage of applying the 2PL model is that it can classify question items correctly in various difficulty
category values, determine the effectiveness of distractors (answer choices) and assess the suitability of the test
(Kusumawati & Hadi, 2018). The Rasch and 1PL models are also widely applied in making CAT because they can
identify content that is difficult for test takers, are simple to analyze and have been tested for stability
(Ulwatunnisa, Retnawati, Muhardis, & Yusron, 2024). The use of IRT can help teachers or lecturers to find out
where the test takers' difficulties are so that activities can then be carried out to provide support to improve the test
takers' abilities. Besides, IRT can also identify which items are of good and bad quality (Kartianom & Mardapi, 2017).
The difficulty level indicates that 100% of the essay questions in the real analysis final exam are categorized as difficult,
suggesting that easier questions need to be created in order to achieve a more balanced difficulty level by using the Rasch
model for partial credit scoring (Isnani, Utami, Susongko, & Lestiani, 2019). One of the common analyses used to
calibrate a CAT question bank is the Rasch model. There are various methods to perform Rasch analysis. A study
shows the ease of conducting Rasch analysis using the R program. The research data were analyzed using the
Rasch model assisted by the R program. The Rasch model fit the data for 42 items after being calibrated three
times. Based on difficulty level, ICC, and item reliability, 28 out of 42 items (66.67%) were considered good
(Muchlisin, Mardapi, & Setiawati, 2019).

CAT is also thought to be suitable for large-scale assessments because it uses technology that makes
assessment activities easier and faster in contrast to paper and pencil assessments which require more time, effort
and costs. The use of information technology in assessment activities can increase the effectiveness and efficiency of
the process (Hsu & Wang, 2019). The development of computational theory supports the development of
assessment methods to adapt to current needs through algorithms based on Artificial Intelligence (AI) (Liu et al.,
2024). The shortcomings of paper- and pencil-based assessments need to be resolved. There are various solutions,
one of which is the application of CAT which is relevant to today's skills. There are various skills needed in this
modern era full of new problems, one of which is problem-solving skills. Assessment using CAT can also assess
problem-solving skills with a high level of accuracy (Istiyono, Dwandaru, & Faizah, 2018).

CAT uses question items analyzed by IRT can carry out a consistent and adaptable assessment process. This
adjustment allows the test to meet the needs of various types of test takers' abilities, namely by adjusting the
questions based on the responses given, thereby increasing accuracy and fairness in the assessment. CAT makes the
assessment process more practical and relevant to the abilities of each individual test taker, especially for students
in certain education, who benefit from efficient assessment activities, for example, if CAT focuses on mathematics
skills (Ebenbeck & Gebhardt, 2022, 2024). However, using CAT alone is not enough to improve students'
mathematical abilities because it needs to be combined with appropriate and interest-based learning activities to
truly support students' development. Effective preparatory activities, such as cooperative and interest-based
learning models, can strengthen the impact of CAT and ensure that the assessment is meaningful and supports
students' educational goals (Huang et al., 2020; Menendez et al., 2013).

Students with special needs can be evaluated for mathematical proficiency using verbal, non-verbal, and mathematical
abilities with the CAT exam which has been specially modified in this way (Senel & Kutlu, 2018). Based on previous
research, very few articles discuss the use of CAT to assess the mathematical abilities of students with special
needs, and there needs to be a need to research CAT-based test methods to evaluate the mathematical abilities of
prospective students precisely. Therefore, the research theme raises the challenges of using CAT to assess the
mathematical skills of prospective students (Yuan, Xia, Han, & Hu, 2020). It is necessary to conduct more serious research
to photograph the assessment activities, primarily to assess the mathematical abilities of prospective students with special
needs, to know the actual situation, and then find the best solution to overcome it because of the importance of this problem.
Portraits of the implementation of mathematical assessment activities need to be known as soon as possible so that a
solution is found if it is proven that there is a problem. This solution is expected to make educational activities,
especially mathematics assessments for students with special needs, more effective and efficient. Appropriate
assessment methods/techniques will reduce costs, reduce energy, reduce time use, and improve the quality of
education in an educational unit.
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Advancements in information technology have made it feasible to conduct assessments with computer
assistance, providing numerous benefits over traditional paper-and-pencil methods (Jette et al., 2007). Computer-
assisted tests offer several advantages, such as (1) reducing the time required for grading and reporting and (2)
eliminating logistical challenges like distributing, storing, and reproducing test materials. Conventional paper-
based tests are often subject to issues like test leaks and cheating. Additionally, administering the same test items
to participants with varied skill levels can lead to inefficiencies, as a one-size-fits-all approach may not accurately
measure abilities and can introduce significant measurement errors (Kristéf & Eszter, 2016). Computer-based
assessments now offer a more efficient and effective way of measuring examinee abilities compared to conventional
methods (Chalmers, 2016). A concrete example of this can be seen in the implementation of the computer- based
national examination which has been taking place in the last few years for elementary school, junior high school and high
school students in Indonesia, which shows how technology can be applied in the examination system (Nufus &
Wahyuni, 2024). The use of paper-and-pencil tests is decreasing due to the long administration process and delays in
providing feedback with increasingly rapid advances in technology (Cook et al., 2008).

CAT is the latest development in computer-based assessment, which offers a more flexible approach and is
tailored to the test taker's abilities. It adjusts the questions given based on each individual's ability level, creating a
more personal assessment experience rather than a general assessment (Haley et al.,, 2011). In the CAT system, the
types of questions given to examinees depend on their answers to previous questions. A correct answer will lead
them to a more difficult question while a wrong answer will lead to an easier question. This approach allows test
takers to answer a unique set of questions, according to their ability or skill level, thereby increasing the accuracy
and efficiency of test results. For prospective elementary school teachers, CAT is very useful for assessing their
mathematical abilities, because (1) it provides high accuracy with fewer questions, (2) guarantees efficient and
quality testing, (3) reduces overall exam time, and (4) reduces the possibility of cooperation or cheating between
test takers because they will not face the same questions. With its adaptive nature, CAT also provides more direct
insight into a participant's abilities, supporting rapid, data-driven decision- making.

The benefits of using computer-based tests, especially with the application of CAT have been widely discussed
in the literature. As research results from Stepanek and Martinkova (2020) CAT offers several key advantages,
including (1) flexible test management, (2) enhanced test security, (3) increased motivation among test-takers, and
(4) the potential to reduce testing time by up to 50% while maintaining reliability (Stepanek & Martinkova, 2020).
In addition, CAT can provide the most accurate measurement of examinee abilities. CAT can select questions that
suit each participant's ability level, providing relevant questions based on their previous answers with the help of
intelligent algorithms (Reckase, Ju, & Kim, 2018).

A researcher from the University of Macedonia in Greece developed a mobile-based CAT system, CAT-MD to
assess students' abilities in physics in secondary schools and illustrate the potential of CAT. The system allows
students to access the exam through a mobile phone, PDA, or laptop, demonstrating the flexibility of CAT in a
variety of technological formats. They used the 1PL model with a question difficulty index ranging from -2 to +2,
which shows the CAT's ability to adapt to various student ability levels (Triantafillou, Georgiadou, & Economides,
2008). Another application of CAT was developed at Universiti Sains Malaysia where CAT was used to evaluate
science abilities among grade 8 students as part of the International Trend of Mathematics and Science Study
(TIMSS). This research emphasizes the efficiency of CAT in achieving a high level of precision with a smaller
number of questions which effectively differentiates between students with varying levels of academic ability
(Sumin et al., 2022).

Additionally, a researcher developed CAT to assess the mathematics abilities of grade 7 junior high school
students using the triangular tree method where the decision to choose questions takes place dynamically during
the assessment process. With 193 math questions in its database, this CAT software utilizes the Maximum
Likelihood Estimation (MLE) method to accurately measure a student's ability. This adaptive capability ensures
that each examinee will be given questions appropriate to their level of ability, resulting in a more precise
measurement of skills. These studies on CAT confirm the potential of CAT in a test taker in a more accurate
manner, as it can be adapted to his needs and evolve according to his progress efficiently (Winarno, 2012). One
method that is often used to estimate capabilities in the CAT algorithm is MLE. However, MLE has a weakness,
namely the difficulty in estimating the ability of examinees whose scores do not follow a certain pattern. Therefore,
alternative strategies are needed besides MLE to increase the accuracy of question selection and provide a greater
variety of questions which in turn can increase test security in CAT (Suhardi, 2020). Various methods are also
available for selecting initial questions in CAT and research shows that the low-high method using IRT is in
accordance with the principles of adaptive testing and can determine test takers' abilities with only 17 questions
(Rukli & Atan, 2024).

Another example of CAT development was carried out by a researcher, who developed a CAT-based multiple-
choice test which was divided into three batteries and ten subtests. These subtests are organized into a six-level
hierarchy designed to measure the abilities of students ranging from seven and a half years old ( level A) to nearly
sixteen years old ( level I). Quantitative batteries cover a variety of topics such as quantitative relationships,
number series and creating equations. For example, in the quantitative relationships section, students are asked to
determine whether a pair of numbers is greater, equal to or less than another pair. Each level of the test (A to IV) is
age-adjusted with all six levels combined in one booklet and responses recorded using an optical grade reader sheet
tor computerized scoring. This system allows assessments to be conducted centrally or decentralized with results
typically reported in the form of a standard age score (SAS) similar to intelligence testing, where the mean score is
100 and the standard deviation is 15. Scores are given for each battery as well as for the average. Overall average
provides a comprehensive picture of the abilities of each examinee (Marfeo et al., 2019).

The advantages of CAT, such as flexibility, accuracy, and efficiency have driven much research and
development in the field of assessment. The use of CAT utilizes technology to make the testing process more
effective and efficient. [t is important to understand the extent to which mathematics educators in Indonesia,
especially mathematics lecturers are prepared and have an understanding in applying CAT to assess the abilities or
skills of their students, namely prospective elementary school teachers in Indonesia considering the importance of
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CAT in the current digital era. By exploring this perspective, this research focuses on identifying the challenges
and opportunities associated with CAT, which in turn can support wider implementation in the world of education.

This research is significant because it provides valuable insights into the challenges of implementing CAT in
Indonesia, particularly in the context of mathematics education in higher education. As technology continues to
advance rapidly, the potential of CAT to transform traditional assessment practices becomes increasingly apparent.
CAT offers a more personalized and efficient approach to testing, adapting to each student's ability level in real
time and providing a fairer and more accurate measurement of their knowledge. In Indonesia where the educational
landscape is rapidly evolving, the introduction of CAT could significantly enhance the effectiveness and efficiency
of assessment processes, reducing biases and improving the overall quality of educational evaluations.

Understanding the challenges in implementing CAT in Indonesia offers significant opportunities to design
corrective actions and follow-up steps to overcome the existing barriers. One of the first steps that can be taken is
the development of intensive training programs and workshops for lecturers and teachers. Given that many
lecturers are unfamiliar with CAT or have limited skills in using the technology, these programs would enhance
their knowledge and competencies in designing and implementing CAT effectively. Another crucial follow-up
action involves improving technological infrastructure. Since inadequate infrastructure is a major hindrance to the
successful implementation of CAT, universities in Indonesia would benefit from investing in the necessary
hardware and software that support CAT systems. This would make the adoption of CAT more feasible, ensuring
that it can run smoothly and efficiently across campuses.

Moreover, addressing the incompatibility of CAT with essay-based questions is another important aspect. To
overcome this challenge, it would be essential to adapt the current assessment models by developing question
formats that align better with the CAT system, such as multiple-choice or computer-based questions. This
adaptation would ensure that the testing system functions properly while maintaining the integrity of the
assessment process. IFurthermore, understanding these challenges also provides an opportunity to influence
education policies. It is important to encourage stakeholders at both the university and government levels to create
policies that support CAT implementation. These could include providing funding for infrastructure upgrades or
establishing policies that promote the use of technology in educational assessments.

In addition, there is a clear demand from lecturers for more affordable and accessible CAT systems. Therefore,
developing platforms that are cost-effective and easy to access would be a valuable next step. This could involve
creating open-source CAT software or collaborating with technology providers to offer more affordable solutions
for Indonesian universities. Ultimately, addressing these challenges will significantly improve the quality of
educational assessments in Indonesia. By implementing CAT, universities would be able to create fairer, more
objective assessments that offer a more accurate measurement of student abilities. This shift toward a more
modern, technology-driven assessment system could play a key role in preparing graduates for the demands of a
rapidly evolving workforce. Overall, tackling these issues would make education in Indonesia more efficient,
effective, and aligned with global advancements in assessment practices. The research questions are as follows: (1)
What assessment practices are implemented by mathematics lecturers in Indonesia? (2) What challenges do
mathematics lecturers face in implementing CAT in Indonesia? These two questions focus on describing the
assessment practices and the barriers encountered in the implementation of CAT.

2. Literature Review

The adoption of computerized adaptive testing (CAT) in educational assessments has garnered considerable
attention due to its ability to personalize assessments and enhance their accuracy. CAT is an advanced testing
method where the difficulty of the test is adjusted in real-time based on the test-taker's performance. This
technology has been shown to improve the precision of student evaluations, especially in subjects such as
mathematics, where varying levels of competency are evident. While CAT is increasingly used in many educational
contexts worldwide, its implementation in Indonesia, particularly in mathematics assessments, remains a challenge.

Computerized adaptive testing (CAT), which is gaining popularity is built on two main components: computer
technology and item response theory (IRT). The core idea of CAT is that an algorithm selects test items that align
with the ability level of each individual test-taker (Wainer, 2000). Advances in information technology that are
developing at this time make it possible to administer a test using computer assistance (Hambleton &
Swaminathan, 2013). Computer-assisted tests have several advantages over paper-and-pencil tests such as (1)
reducing the time for test assessment work and writing reports, (2) eliminating logistical work such as distributing,
storing and reproducing questions. During the written test, there are often leaks or cheating. In addition, the
drawback of conducting conventional tests is that participants with varying abilities are given the same items so
that the test device becomes inefficient because the measurement scale is no longer appropriate and allows
measurement errors to be quite large (Retnawati, 2016).

Computerization makes individual assessments more efficient and accurate than paper and pencil tests (Boo &
Vispoel, 2012). The computer-based national examination (CBNE), which was implemented in schools several
years ago, is an example of the use of computers in measuring students' abilities. In the era of advanced and
informative technology, it is very feasible to conduct computer-based tests (Ismail, Retnawati, & Imawan, 2022;
Rhoshsima & Toroujeni, 2017). The impact of technological advances, paper- and pencil-based testing has
decreased due to the length of time in administering tests and feedback (Boo & Vispoel, 2012; Imawan, Retnawati,
Haryanto, & Ismail, 2025; Ismail, Retnawati, Sugiman, & Imawan, 2025).

The use of computers has occupied a wide scope; recently the adaptive computer-based test media, namely CAT
has begun to be widely studied. CAT is an adaptive-based media that provides test items to test takers according to
their abilities (Thompson & Weiss, 2011). This allows each test taker to take the test with an unequal number of
items due to the different abilities of the participants. The choice of questions is based on the answers of the
examinees to the questions that are currently given, if the answers are correct, then questions with a higher level of
difficulty will be given but if the answers are incorrect then the next question will have a lower level of difficulty.
[tems that are either too easy or too difficult for test-takers provide minimal information about their ability so
test-takers typically receive questions with a success probability of around 50% (Green, Bock, Humphreys, Linn, &
Reckase, 1984).
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Meanwhile, CAT-based testing can improve efficiency and accuracy as well as practicality in its
implementation. Based on this, CAT can be used as a medium for selecting student abilities because of (1) high
accuracy from a smaller number of questions, (2) efficiency and quality of tests, (3) shorter examination times, and
(4) cooperation between students. Test takers can be avoided because each test taker does not necessarily get the
same questions and test takers can also find out their abilities early.

The advantages of administering tests using computers, especially CAT among others are (1) flexibility of test
management, (2) increased test safety, (3) increased motivation, (4) reduce testing time by up to 50% while
maintaining the same level of reliability (Georgiadou, Triantafillou, & Economides, 2006). The standard error of
measurement (SEM) decreases with each item as more information about the examinee's ability is gathered. This
process allows for a reduction in the number of items given without compromising accuracy (Lunz, Bergstrom, &
Gershon, 1994; Wainer, 2000). CAT offers numerous advantages over fixed-item tests (IFFIT). Flens, Smits, Carlier,
van Hemert, and de Beurs (2016) found that the number of items in CAT procedures is reduced by 26 to 44 percent
compared to FIT while testing efficiency is actually improved (Haley et al., 2011). CAT can produce the most
significant information in measuring the ability of test takers. In addition, the CAT model with intelligent
algorithms is able to select test items with the appropriate level of difficulty according to the students' answers
(Mardapi, Haryanto, & Hadi, 2012).

As an example of the application of CAT, there is a study conducted by Triantafillou et al. (2008) from the
University of Macedonia, Greece, namely developing computerized adaptive testing on mobile devices (CAT-
MD). CAT application can be accessed using wireless devices such as mobile phones, personal digital assistants
(PDASs), or laptops. This CAT-MD is intended for 2nd grade high school students in Greece for physics. The
question bank development in this study used the 1 PL model with an item difficulty index between -2 and +2.
When conducting a trial for a question bank for CAT, it is usually done in several test packages. In relation to the
creation of test packages, a study aimed to prove that parallel tests can be constructed by randomizing the question
numbers and the order of answer alternatives. The results of the study show that the item analysis using both
classical test theory and item response theory approaches revealed no significant difference in the difficulty index
between package 1 and package 5. However, according to classical test theory, there was a shift in the difficulty
index category for packages 2 to 5 when compared to package 1, the original package which was not a good
package because it contained questions that were too easy (Kartowagiran et al., 2019).

In addition, there is also research on other CAT, namely the evaluation of the ability of 8th grade science
students in the International Trend of Mathematics and Science Study (TIMSS) using computerized adaptive
testing conducted by Samsudin, Chut, and Ismail (2019) from University Sains Malaysia. CAT is used as an
alternative paper and pencil test instrument to determine whether the application of CAT can produce a high level
of precision with fewer items given and distinguish different academic levels among groups of students, where
CAT is configured in Concerto.

There is also a study by Winarno (2012) who developed a CAT using the decision triangle tree method in the
procedure for selecting test items during the implementation of the test. The questions developed are for Junior
High School/Islamic Junior High School, grade VII mathematics which are entered in the CAT software database,
consisting of 193 questions. The estimation of the test taker's ability is done by using the maximum likelihood
(MLE) method. The developed CAT is able to provide adaptive questions based on the responses of test takers and
can measure the ability of test takers accurately and precisely.

Some of the advantages of carrying out tests using the CAT have made this application a lot of research and
development. Utilization of technology for test purposes is aimed at the effectiveness and efficiency of the
implementation and administration of tests. Because of the importance of CAT in the digital era as it is today, it is
necessary to examine how the implementation of tests by mathematics lecturers in Indonesia has been so far, and it
is also necessary to examine the understanding of mathematics lecturers in Indonesia regarding CAT. Numerous
studies have been conducted on the psychometric and technical aspects of CAT (for a review, see (van der Linden &
Pashley, 2000)). Topics include the development of the item pool (Imawan et al., 2025; Ismail, Retnawati, Sugiman,
& Imawan, 2024; Lee & Dodd, 2012; Wise & Kingsbury, 2000), comparisons of item selection methods (Finkelman,
Kim, Weissman, & Cook, 20145 Van Der Linden, 2005) and stopping rules (Choi, Grady, & Dodd, 2011).

In Indonesia, mathematics assessment in higher education traditionally relies on conventional methods such as
paper-and-pencil tests. Computer-based testing (CBT) has seen limited implementation, though it became more
common during the COVID-19 pandemic as institutions shifted to remote learning. The transition to more
adaptive systems like CAT remains slow despite the growing prevalence of CBT. Traditional assessments often fail
to address the diverse learning levels of students and do not fully leverage the advantages of technology-driven
assessment tools.

Online testing platforms do not yet offer the adaptability that CAT provides, which is critical for accurately
gauging the mathematical abilities of students while taking a step toward digitalization. CAT, by dynamically
adjusting question difficulty based on individual student performance, promises a more efficient and personalized
assessment method. However, the implementation of such systems is constrained by both technical and pedagogical
challenges in Indonesia.

The implementation of CAT in Indonesia is hindered by several key challenges. Researchers have emphasized
the need for collaborative efforts between educational institutions, technology developers, and policymakers to
create solutions that address both the technical and pedagogical needs of the Indonesian education system to
overcome these barriers. Such collaboration could help bridge the gap between the potential of CAT and its
practical application in the Indonesian context. CAT also comes with some disadvantages, such as higher
development costs, the necessity for regular maintenance of the item bank, and complex technical requirements
(Tan, Cai, Li, Zhang, & Tu, 2018).

One important issue that is often overlooked is the psychological impact of CAT on test-takers. It has been
argued that because the items in CAT are tailored to the test-taker’s ability, it can be more motivating and cause
less anxiety compared to traditional fixed-item tests (Linacre, 2000; Mead & Drasgow, 1993; Wainer, 2000; Weiss,
1982). While the accuracy and efficiency of CAT compared to FIT are highly significant from the perspective of
test developers, these advantages are not always recognized by test-takers (Kimura, 2017). Meta-analytic results
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indicated that there was no overall effect of test type on anxiety and motivation when comparing CAT to FIT.
However, specific modifications in CAT administration can have positive psychological effects on test-takers
(Akhtar, Silfiasari, Vekety, & Kovacs, 2023).

3. Method
3.1. Research Design

This research is a type of qualitative research with a phenomenological approach. This research aims to explore
information on two main aspects, namely: (1) mathematics assessment practices currently being implemented at
universities in Indonesia and (2) the challenges faced by mathematics lecturers in implementing CAT to assess the
mathematics abilities of prospective elementary school teachers. Through a phenomenological approach, this
research seeks to understand the experiences and perceptions of mathematics lecturers regarding the application of
CAT in the assessment process.

This research is a qualitative study that adopts a phenomenological approach to explore two key aspects in
depth. The first aspect focuses on the current mathematics assessment practices being implemented at universities
in Indonesia. Specifically, it aims to examine the methods and tools used by mathematics lecturers to evaluate the
mathematical abilities of prospective elementary school teachers. This includes understanding the types of
assessments employed, such as traditional paper-and-pencil tests, computer-based assessments, or alternative forms
of evaluation, and how these practices align with the educational goals and standards in Indonesian higher
education. The second aspect of the study investigates the challenges faced by mathematics lecturers in
implementing computerized adaptive testing (CAT) as a tool to assess the mathematics abilities of prospective
elementary school teachers. This includes identifying the technical, pedagogical, and infrastructural barriers that
hinder the adoption of CAT. The research will explore lecturers' experiences with the technology, their level of
familiarity with CAT, and the perceived difficulties in adapting this advanced testing method to the context of
Indonesian universities.

This research aims to capture the lived experiences and perceptions of mathematics lecturers, focusing on how
they perceive the potential benefits and limitations of CAT in the assessment process by utilizing a
phenomenological approach. The goal is to gain a deeper understanding of the factors that influence the acceptance
and implementation of CAT as well as the underlying reasons for its challenges. Ultimately, this research seeks to
contribute to the development of more effective assessment strategies and offer insights that could guide future
efforts to integrate CAT into the higher education system in Indonesia.

3.2. Data Collection Techniques

Data for this research was collected through a two-stage approach to ensure a comprehensive understanding of
the mathematics assessment practices and the challenges in implementing CAT in Indonesia. The first stage
involved the distribution of questionnaires to 17 mathematics lecturers representing diverse regions, including
Western, Central, and Eastern Indonesia. These lecturers were selected to provide a broad perspective on the
current mathematics assessment practices employed across the country. The questionnaire aimed to gather initial
information on the methods, frequency, and tools used in mathematics assessment, as well as their familiarity with
and use of CAT in their teaching. The responses helped establish a foundational understanding of the state of
mathematics assessments and served as a starting point for further investigation.

In the second stage, four lecturers were selected for in-depth interviews based on their responses indicating a
limited understanding or experience with CAT. These lecturers were chosen to gain a more nuanced perspective
on the specific challenges they face when attempting to implement CAT in their assessment practices. The
interviews were designed to probe deeper into their individual experiences, exploring not only the difficulties they
faced but also their perceptions of the potential benefits and drawbacks of CAT in the context of mathematics
education.

To guide these interviews, a structured interview guide was developed, consisting of open-ended questions
designed to elicit detailed responses. The interview guide focused on two key areas: the lecturers' current
assessment practices and their views on the feasibility and challenges of integrating CAT into these practices. The
aim was to uncover insights regarding the technological, pedagogical, and logistical barriers they face, as well as
any support or training they may have received to help them adapt to CAT. This structured approach allowed for
the collection of in-depth, qualitative data that provides a richer understanding of the lecturers’ experiences,
perceptions and the challenges in applying CAT for mathematics assessment.

3.3. Data Analysis Techniques

The data analysis process in this study follows the framework outlined by Creswell (2014) which consists of
four distinct stages: (1) data reduction, (2) data presentation, (3) data verification, and (4) drawing conclusions. This
systematic approach ensures that the analysis is rigorous and thorough, facilitating the identification of significant
themes and patterns that are relevant to the research objectives.

In the “data reduction” stage, the first step involves organizing and simplifying the vast amount of data
collected from both the questionnaires and the in-depth interviews. This process includes reviewing the raw data,
transcribing interviews, and categorizing responses to identify key areas of focus. During this stage, irrelevant or
extraneous information is filtered out, and the data is condensed into manageable segments. This allows for a
clearer focus on the core issues related to the research questions, particularly the assessment practices and
challenges in implementing CAT. Coding techniques may be applied to the responses, grouping similar ideas and
concepts together to create a structured framework for further analysis.

Next, in the “data presentation” stage, the reduced data is organized into a more coherent and accessible
format. The goal is to present the data in a way that highlights key findings and makes the information easier to
interpret. This may involve the use of tables, charts, or narrative summaries to visually represent patterns and
trends that emerge from the data. In this stage, the researcher synthesizes the information, ensuring that the
various aspects of the data are presented in a clear and organized manner. This helps to facilitate a deeper
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understanding of the respondents’ experiences and perceptions regarding mathematics assessment practices and
the implementation of CAT.

The “data verification” stage involves checking the reliability and validity of the findings. This step ensures
that the interpretations of the data are accurate and trustworthy. Techniques such as member checking, where
interview participants review the findings for accuracy, or triangulation where multiple data sources are cross-
checked, may be used to confirm the consistency of the results. The researcher also revisits the raw data and
compares it with the presented themes and patterns to ensure that the analysis aligns with the original data. This
verification process helps to minimize biases and ensures that the conclusions drawn are grounded in the data itself.
A quality instrument has undergone testing processes, including Aiken's content validity analysis, concurrent
validity, and Cronbach’s alpha reliability (Wardani, Prihatni, Negeri, & JI Jogja-Solo Km, 2018).

Finally, in the “concluding” stage, the researcher synthesizes all the analyzed data to address the research
questions. This stage involves interpreting the data to identify overarching themes and insights, conclusion about
the current state of mathematics assessment practices in Indonesia, and the specific challenges faced by lecturers in
implementing CAT. The researcher reflects on how the findings relate to existing literature and theories, drawing
connections between the data and the broader educational context. This stage leads to the formulation of
recommendations for improving mathematics assessment practices and the integration of CAT into higher
education in Indonesia.

This analysis ensures a rigorous, systematic approach to understanding the complex data, providing rich
insights into the experiences of mathematics lecturers and the challenges they face with CAT implementation by
tollowing Creswell’s framework.

3.4. Participants

The research participants consisted of 17 mathematics lecturers who had filled out questionnaires. From this
group, four lecturers were selected for interviews based on their responses regarding their understanding of CAT.
All respondents interviewed met the criteria of having at least five years of mathematics teaching experience to
provide in-depth information. The distribution of participants based on their understanding of CAT can be seen in
Table 1.

Table 1. The distribution of participants.

Understanding Little understanding of Don't Total
Category of CAT CAT understand articipants
CAT. particip

.Numb.er and code name of _ 1(A) 1(B) 5(C & D)
interviewed

19

. . . Yogyakarta November Cenderawasih 4

University and region of State L L
. . - . . University, University,
interviewed. University,

Kolaka E

W

C
Number of questionnaires 6 1 - 3 2 1 - - 4 .
Region of questionnaires W | C E W C E W | C E

Note: W: Western Indonesia region.
C: Central Indonesia region.
E: Eastern Indonesia region.

3.5. Ethical Clearance

The study received ethical approval from the Institutional Review Board of Yogyakarta State University,
Indonesia (approval number: T/60.1/UN34.9/PT.01.04/2024). Throughout the research process, ethical standards
were strictly adhered to, including obtaining informed consent from all participants ensuring data confidentiality,
and maintaining voluntary participation.

4. Result
4.1. Description of Questionnaire Results

Although the questionnaire was not the primary data collection technique in this study, it serves as an
important complementary tool that provides valuable insights and supports the qualitative findings obtained
through in-depth interviews. The following sections describe the results of the questionnaire completed by 17
mathematics lecturers.
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Respondent representation

B Western Indonesia region
M Central Indonesia region
M Eastern Indonesia region

Figure 1. Percentage of respondent representation.

Figure 1 illustrates the percentage of respondent representation across different regions in Indonesia. The
demographic analysis shows a diverse distribution with 53% of respondents being mathematics lecturers from
Western Indonesia, 18% from Central Indonesia, and 29% from Eastern Indonesia. This distribution underscores
the broad geographical reach of the study ensuring that perspectives from different educational contexts within
Indonesia are represented. This diversity is critical to understanding regional differences in the application of
mathematics assessment techniques and the challenges that arise as a result of these difterences.

Respondents' test techniques

M PBT (Paper based test) m CBT (Computer based test) B CAT (Computerized adaptive test)

Figure 2. Percentage of respondents' test techniques.

Figure 2 illustrates the percentage of respondents' test techniques. The questionnaire results reveal that 65% of
mathematics lecturers use paper-based tests, 29% employ computer-based testing (CBT) such as Google Forms,
and only 6% implement computer adaptive testing (CAT). This distribution highlights the dominance of
traditional assessment methods. The low adoption of CAT suggests significant potential for development,
indicating a gap in the use of modern testing technologies that could enhance assessment processes and improve
educational outcomes.
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Respondents' CAT understanding

M Understanding M Little understanding M Do not understanding

Figure 3. Percentage of respondents' CAT understanding.

Figure 3 illustrates the percentage of respondents' understanding of CAT. The questionnaire results indicate
that 29% of lecturers reported understanding CAT, while 47% had limited understanding, and 24% did not
understand it at all. This indicates that most lecturers have only limited knowledge of CAT, which could be a
barrier to its effective application in mathematics assessment. To gain a deeper understanding of these views and
identify specific barriers to understanding and implementing CAT, in-depth interviews were conducted with
representatives of groups who had limited understanding and those who did not understand CAT. This qualitative
approach aims to explore challenges and knowledge gaps about CAT as well as provide more complete insight into
the potential role of CAT in mathematics assessment for prospective elementary school teachers. Overall, the
questionnaire results provide important context for the qualitative findings of this study, highlighting current
assessment practices and demonstrating the need for further education and training regarding innovative
assessment methods such as CAT.

4.2. Challenges of Using CAT- Based on Questionnaire Results

The questionnaire in this study also produced findings in the form of respondents' answers which could be
grouped into several themes in addition to producing a description of the characteristics inherent in the
questionnaire respondents described in the previous section. The answers of respondents who are grouped are
answers related to the challenges of mathematics lecturers in understanding, using, or making CAT applications.
The following is the grouping of themes based on the results of the questionnaire.

4.2.1. Theme 1: Lack of Understanding of Mathematics Lecturers Regarding CAT

The responses summarized in Table 2 indicate a significant lack of understanding among mathematics
lecturers regarding CAT. Many respondents expressed uncertainty about the procedures and practical applications
of CAT, preferring to rely on conventional testing methods. This lack of familiarity presents a barrier to the
effective implementation of CAT in their assessment practices. Several respondents noted that the perceived
complexity of CAT contributed to their reluctance to engage with this testing method. As a result, there is a
critical need for targeted training and educational resources to enhance lecturers' understanding of CAT.

Table 2. Lack of knowledge of mathematics lecturers regarding CAT.

Respondent's answer Theme
1. The procedure or sequence is often forgotten. Lack of understanding of
2. I need help understanding how to use CAT. It sounds difficult to make/ use it. mathematics lecturers

3. Because I don't understand, I usually prefer to use conventional techniques, or during a regarding CAT.

pandemic, I use Google forms (CBT).

4. T've never heard of it or used it, so I don't know its difficulties.

I don't need to learn how to use CAT.

6. If the device is ready, it will be easy to use. However, I need to understand how to
complete a CAT.

7. 1 don't know what application to input the questions because I have never used or
created this CAT-based question.

8. Someone who uses this application in the assessment must really understand how to use
it because otherwise, it will be confusing.

o

4.2.2. Theme 2: CAT Requires Adequate Hardware and Software

Table 3 illustrates that respondents highlighted the necessity for adequate hardware and software to facilitate
CAT. Several lecturers noted that the existing computer facilities were insufficient which poses a significant
challenge to implementing CAT effectively. The lack of access to appropriate technology can hinder both the
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administration of CAT and the overall testing experience for students. Moreover, the lengthy preparation process
tor CAT questions and the need for extensive question banks were also emphasized. Addressing these hardware
and software needs is essential for the successtul deployment of CAT in educational settings.

Table 3. CAT requires sufficient hardware and software.

Respondent's answer Theme
1. Students need a laptop or computer for the CAT exam, and the computer lab on campus | CAT requires adequate
needs to be improved. software and hardware.

2. Hardware and software are needed to run CAT, and a question bank is available.

8. The main difficulty is that the number of computers still needs to be improved. Moreover,
there is no computer lab in the study program or the department.

4. School regulations students are not allowed to bring cellphones and have computer
limitations.

5. The process of becoming a ready-to-use question takes a long time.

We should also have many question banks or a collection of questions to make it easier.

7. Typing mathematical equations/ characters is challenging if you access them using a
smartphone.

)

4.2.3. Theme 3: CAT Requires an Adequate Internet Network

According to Table 4, respondents expressed concerns about the reliance on a stable internet connection for
CAT administration. Interruptions in the network can severely impact students' ability to complete assessments
leading to inconsistencies in test results and increased anxiety for both students and lecturers. This highlights the
importance of ensuring reliable internet access in educational institutions to facilitate the effective use of CAT and
to support a smooth testing experience.

Table 4. CAT requires an adequate internet network.

Respondent's answer Theme
1. There is no difficulty, which becomes a problem if the network is disrupted. CAT requires an adequate
2. Internet network problems in working on issues. internet network.

4.2.4. Theme 4: CAT Cannot Be Used for Essay Tests

The responses in Table 5 reveal a consensus among respondents that CAT is not well-suited for evaluating
essay or descriptive questions. This limitation stems from the inherent nature of CAT, which is primarily designed
for objective testing formats. As a result, mathematics lecturers expressed concerns about the feasibility of using
CAT for comprehensive assessments that require in-depth written responses. This challenge points to the need for
developing alternative assessment methods that can effectively evaluate students' abilities in solving complex
mathematical problems.

Table 5. CAT cannot be used for essay tests.
Respondent's answer Theme
1. It is not suitable to be applied to the description problem.
2. Difficulty in entering questions in image form. CAT cannot be used for essay tests.
3. Measuring students' ability in solving description questions.

4.3. Challenges of Using CAT- Based on Interview Results

The following are the results of in-depth interviews with 4 mathematics lecturers who are indicated to be in
the slightly understand and don't understand CAT categories based on the results of filling out the questionnaire.
The answers of the four mathematics lecturers were then summed up to facilitate understanding. Furthermore,
each interviewer's questions and answers will be presented to each participant.

The following section summarizes the results of in-depth interviews with four mathematics lecturers who had
varying levels of understanding of the CAT based on their answers to the questionnaire. The insights they shared
provide a more complete picture of the challenges faced in implementing CAT in educational settings.

4.3.1. Overview of Participant Responses

All four participants (P1, P2, P3, and P4) provided valuable feedback regarding their experiences and
perceptions of CAT. Their responses revealed a general lack of understanding of CAT reflecting significant gaps in
understanding its basic principles and application in education.

4.3.2. Lack of Understanding of CAT

Interview question 1 is symbolized by Q1, namely, "is it true that you have not heard or known or understand
about computerized adaptive testing?" Suppose the four participants are symbolized by P1, P2, P3, and P4. Each
participant's answer is P1: "Yes, I don't understand about computerized adaptive testing, which I know is just CBT,
computerized- based test." P2: "I've heard the name CAT, but don't know how to make and use it." P3: "I have ever
heard of CAT, only understand a little. It is usually used in teacher professional education program (TPEP), if I'm
not mistaken." and P4: “Have heard a little.” From the answers of the four participants, it can be concluded that the
lecturer in mathematics has not understood CAT. These responses indicate a clear need for more comprehensive
training on CAT among mathematics lecturers, highlighting the necessity for educational institutions to provide
resources and workshops to familiarize staff with this testing method.

4.8.3. Experience with Conventional and Computer-Based Testing
Q2, namely, "have you ever used CBT, meaning to give tests to students using CBT or have you conducted or
carried out tests with CBT yourself?" The answer of each participant is P1: "I once gave it to students at that time
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I used Google Forms, Kahoot, and Quizizz." P2: "Once, when the COVID-19 pandemic started, I used the Google
Form to test mathematics for students" P3: "Once, I used the CBT Google Form" and P4: "No, I'm already a
senior, so it's difficult to operate a computer and the like". From the answers the four participants can be concluded
that mathematics lecturers usually prefer CBT or conventional.

These insights reveal that while some lecturers have experience with CBT, there is a notable reluctance among
others, particularly those less familiar with technology.

4.8.4. Preference for Conventional Testing

Qs is "in your opinion, which is better to use CBT or conventionally, like we used to use pencil and paper?"
Each participant's answer is P1: "In my opinion, all of them have their own perspectives, if the advantages of using
CBT itself make it easier for me as a lecturer to carry out the assessment process and also save time, especially
during the pandemic period where face-to-face cannot be done on campus so the exam uses CBT. But another
obstacle when using CBT is that there are still some students who have problems how to operate computers and
their density and also if they don't have a data package." P2: “CBT requires a data package, whereas conventional
requires paper and a printer/photocopy, so each one is used according to existing conditions.” P3: “If CBT is more
practical, fast and efficient” and P4: “I prefer conventional because it is easier and more familiar to me, CBT is not
yet common”. From the answers of the four participants, it can be concluded that the lecturer in mathematics
believes that both CBT and conventional each have advantages and disadvantages.

Overall, lecturers expressed a mixed preference for testing methods, balancing the benefits of technology
against their comfort with traditional assessments.

4.3.5. Identifying Weaknesses in Conventional Testing

Q4 is, “What are the weaknesses of the conventional method using pen and paper, sir/madam?” Each
participant's answer is P1: "Yes, if the conventional-based test also has advantages and disadvantages, I feel that
the assessment process is not as efficient as using CBT, then face-to-face is needed and also more wasteful of
paper”, P2: "Waste of paper and costs a printer/photocopy of test questions, besides correcting student answers it
is also manual, the process usually takes a long time to correct, especially the description test." P3: "It takes more
time for respondents to fill out, costs are more expensive, besides distributing it and taking it is more difficult."
and P4: "If the multiple-choice test is easier to correct, but if the old description test corrects it". From the answers
of the four participants, it can be concluded that the lecturer in mathematics believes that the weakness of the
conventional method is that it wastes time and money.

From these answers, it is evident that lecturers recognize the limitations of conventional testing methods,
including time inefficiencies and resource wastage.

4.3.6. Assessment and Grading Practices

Q5, namely, "how to determine student scores after students take the CBT test?" Each participant's answer is
P1: "If you use Kahoot, it's already been determined during the manufacturing process which answer is the right
answer, so when I download the results from the application, the score is already listed as well as Quizizz. But for
the Google Form, I first downloaded the Excel file and then I entered it into the Excel formula to form or
generate scores for each student but this only applies to multiple-choice questions that I can use, if the description
questions I still ask students to write on the paper are then photographed and uploaded to another application, such
as WhatsApp." P2: "Student scores are the same as the scores obtained by multiplying the total score multiplied
by 100." P3: "Student scores are the same as the scores obtained by the total score multiplied by 100 ", and P4«
"Never, maybe it will be printed and then I will manually correct it and determine the value". From the answers of
the four participants, it can be concluded that the lecturer in mathematics determines the student's score as usual,
final score = (score obtained/total score) x 100.

These responses highlight a reliance on traditional grading methods suggesting a need for training in more
modern assessment techniques.

4.8.7. Approach to Difficulty Levels in Questions

06 is "when making the question package, did you have a difficulty level for each question?" The answers of
each participant are P1: "Yes sir", P2: "Yes, I made some easy, medium, and difficult", P3: "Yes, I made all the level
of difficulty equal, I prefer to make description questions that are all at the same level the difficulty and the score is
the same for each question", and P4: "Yes, I will adjust it according to the ability of my students". From the
answers of the four participants, it can be concluded that the lecturer in the field of mathematics makes a package of
questions containing questions of different levels of difficulty based on the lecturer's own perspective, without CTT
or IRT item analysis.

All participants affirmed that they do consider difficulty levels but with varying degrees of structure and rigor.
For example, P1 and P2 create questions of varying difficulties while P4 adjusts questions based on students'
abilities.

4.8.8. The Questions Based

Q7 is " what are the questions that you make based on what you are, if not based on the level of difficulty, based
on the test grid based on indicators like that?" Each participant's answer is P1: "Yes, that's right, so I will first
describe the indicators then I will develop the items that will be raised. Also, see that I didn't analyze the results of
last year's exam because every year I change the questions and I only see the level of difficulty from Bloom's
Taxonomy", P2: "If I have more time then I make a grid, but if I'm in a hurry then I just make questions according
to the material the students are learning." P3: "Sometimes I make a grid first, and sometimes I just go straight to
make questions according to the material studied by students, because they are used to it and understand because
they have taught for many years." and P4: "Yes, I have taught for years, I am used to making test questions, or you
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can also use test questions from the previous year. the previous year". From the answers of the four participants, it
can be concluded that the lecturer in mathematics makes test questions based on the grid if they are not busy.

Participants emphasized the importance of test grids and indicators, with some acknowledging the influence of
previous years' exams on their question design.

4.8.9. Personal Bias in Assessing Question Difficulty

Q8 is "the level of difficulty is based on your own perspective or subjectivity, do you feel which questions are
difficult and which ones are easy, based on personal opinion?" The answers of each participant were P1: "Yes, sir,
based on my understanding”, P2: "Yes, that's right, I was wondering whether the questions I made were easy,
medium, or difficult for my students, because I feel that I understand the abilities of my students”, P3: "Yes, that's
right, I guess, because I have taught for many years, I feel that I understand the abilities of my students.", and P4«
"Yes". From the answers of the four participants, it can be concluded that the lecturer in mathematics estimates the
level of difficulty of the questions made based on a personal perspective.

All participants indicated that their assessments of difficulty are indeed subjective based on their understanding
of student capabilities.

4.3.10. Disconnect Between Percerved and Actual Student Ability

Q9, which is "based on your experience, have you ever felt that you made an easy question but it turns out that
the students couldn't answer it?" The answers of each participant were P1: "Yes, I once found that easy questions
could not be answered by students correctly because the diversity of my students' abilities was quite striking in the
class, there were those with high, medium and low abilities", P2: "Once a few times, I didn't expect it turns out that
there are my students who don't understand the basic concepts, so they can't answer even simple questions, maybe
I should pay more attention and help those students who are still lacking in the future." P3: "Once a few times, I
didn't think that there were students who were not able to answer easy questions, maybe students are lazy to read
or study or their students' abilities are indeed lacking". P4: "Yes, but I have predicted it, because there are indeed
some students in the class who are very weak in their abilities." From the answers of the four participants, it can be
concluded that the lecturer in the field of mathematics once made a question that had an easy level of difficulty but
turned out to be a difficult level when it was done by students.

Participants expressed frustration at this disconnect, indicating that despite their intentions, students often
struggled with what were deemed easy questions.

Q10, which is "means that you mean that students need to be given questions that match their abilities, can't
they give questions carelessly?" Each participant's answer was P1: "For students who have high abilities, maybe for
them it is an easy question, but for my students who have low abilities, they are easy questions that could be
considered as difficult questions so that during the evaluation there are still some that are not answered. Answer
the easy question with the wrong answer. If for multiple- choice questions, yes, that's the assessment if you answer
nine, it means you get 90 if the maximum score is 100. For the questions in the description, I give weights based on
the level of difficulty of each and there is an assessment rubric for each concept requested from the question", P2:
"Yes, that's true but in fact I don't think the problem is wrong but it's my fault that I haven't been able to teach the
basic concepts properly, so there are my students who haven't been able to answer the questions that I think are
correct. The package of questions that I made is for standard 1 class, I feel that whoever my student is, at least he
should be able to work on the questions that I make, because usually the questions I make are not difficult, only
measure the minimum abilities of students." P3: "Yes, that's right", and P4: "Yes". From the answers of the four
participants, it can be concluded that the lecturer in mathematics is of the opinion that students should be given
items according to their abilities.

Responses confirmed a shared belief in the necessity of aligning question difficulty with student capabilities to
ensure fair assessments.

4.8.11. Fairness in Grading Practices

Q11, which is "back to the process of giving student grades, sir / madam, it means that all students, for
example, answered nine out of 10 numbers, and the score is 90. In your opinion, is that fair because each student
can answer a question with a different level of difficulty?" Each participant's answer is P1: "Yes, it could be unfair
because I also divide the multiple-choice questions for medium and difficult questions but the other important
points remain the same if yes, it could be unfair because for multiple-choice questions, I also give medium-young
questions and it's difficult but other important points remain the same if'it's correct eight means the value is 80 for
a maximum score of 100", P2: “I think it's fair, answering 9 numbers out of 10 numbers means it's fair to get a score
of 90, if it's multiple-choice yes because every correct answer is given score of 1, the story is different from the
description test which has an assessment rubric.", P3: "I think it's fair", and P4: "Yes". From the answers of the
four participants, it can be concluded that the lecturer in mathematics is of the opinion that the process of giving
final grades to students that has been used so far has not been fair because it does not pay attention to the level of
difficulty of the test questions that can be done by students.

Participants recognized the potential for unfairness in their current grading practices, especially concerning
multiple-choice assessments.

Q12, which is "meaning for the case of description or essay questions, there is no problem, sir/madam, because
there is a fair assessment rubric, but for multiple choice tests, it means that there is a possibility of unfairness,
sir/madam, student scores?" Each participant's answer was P1: "Yes, how else can it be, that's why in addition to
questions and doubles, I also gave questions to distinguish the level of student ability." P2: "Yes, because between
one question and another, the difficulty level is actually different.” P3: “That's true too”, and P4: “Yes, I rarely use
multiple choice tests”. From the answers of the four participants, it can be concluded that the lecturer in
mathematics is of the opinion that the scoring of students on the description test is not a problem/it is fair, but for
the multiple-choice test it is still not fair.

The consensus indicated a belief that descriptive tests could be assessed more equitably, while multiple-choice
assessments posed challenges due to varied difficulty levels.
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4.8.12. Need for Improved Assessment Tools

Q13 is "it means that CBT uses Google Forms if it is in the form of a multiple-choice test, it still has
shortcomings, sir / madam in determining the final score of students because it is not based on the level of
difficulty of the questions". The answers of each participant were P1: "If there really is an application like that, it
would be something extraordinary in my opinion if he could give a fair assessment according to the ability of the
student." P2: "Yes, that's true, but is there a new way that is better?”, P3: “Yes, that's right”, and P4: “Yes, like
that”. From the answers of the four participants, it can be concluded that mathematics lecturers do not know that
there is a CAT that is able to give a final score that is fairer than CBT and conventional. Participants
acknowledged the limitations of CBT in fairly assessing student abilities based on question difficulty.

Q14, namely "if there is an application that is more thorough than CBT which is as easy as CBT to use but in
the process the student will get questions according to his abilities and he will get a score according to the level of
difficulty of the questions he is working on, what do you think, if any? Such an application?” Each participant's
answer was P1: “I'm interested but is it as easy as making CBT? If I can CBT", P2: "Good, the student test scores
can be fairer." P3: "I want to use it if it is easy to use” and P4: "Yes, that's good but not all students here have
internet packages and cell phone, plus the study programs or faculties do not yet have adequate computer labs."
From the answers of the four participants, it can be concluded that lecturers in mathematics are interested in using
CAT.

There was enthusiasm among participants for a more sophisticated assessment tool, provided it was user-
friendly and accessible.

4.3.13. Willingness to Implement CAT

Q15, namely, "whether the application seems to be able to be realized with a computerized adaptive test or
CAT, do you have the desire to make CAT?" Each participant's answers were P1: "If it's easy to use maybe I'll try."
P2: "Want but busy is there anything I can use right away?", P3: "I want to but I'm not used to it, for my age this
is a difficult job" and P4: "It seems difficult, I just want to use it if there is one, or ask a young lecturer for help to
enter my test questions into the application". From the answers of the four participants, it can be concluded that
the lecturer in mathematics wants to make a CAT application if the process is easy. Responses indicated a
willingness to explore CAT, provided the process was straightforward and manageable.

Interview Question 16 (Q16): "What challenges do you anticipate in using online tests like CAT?"

Q16, namely, "basically, CAT is similar to CBT in its implementation, which requires an internet network
computer device, and the most important thing is that the application is available according to you. What are the
difficulties in using an online test like this earlier?" Each participant's answer was P1: "Based on my experience
giving a test using CBT, the student was not 100% able to take it because at the time of the pandemic, there were
one or two students who did not have an internet connection at home so they could not take CBT if indeed CAT
was similar to CBT in terms of implementation, it means that the shortcomings will probably be more or less the
same as CBT", P2: "[t's difficult if we as lecturers are busy, we want a fast test application, and it seems that CAT is
still rarely able to make it, yes, it might be difficult to make it. Then we in Papua, not all students have cell phones
and internet packages that are adequate for online tests, not to mention if you look at the existence of a computer
lab on campus that has not been able to accommodate the needs of all students to take online tests." P3: "I
personally haven't used to making such applications, so I can imagine the difficulty, and for applications related to
technology, I usually ask my younger colleagues for help to make it faster and more efficient. In addition, our study
programs, departments, or faculties do not yet provide adequate computers". P4: "It's difficult here because of the
limited number of students and the infrastructure, not all students can be active in online lectures. Maybe it can be
done specifically for students who have cell phones and internet packages.” From the answers of the four
participants, it can be concluded that the lecturer in mathematics believes that there are several weaknesses in the
use of online tests such as CBT or CAT. Weaknesses include network availability, laptops/computers/handphones,
question banks and CAT applications. Participants highlighted infrastructural challenges, including internet access
and technology availability, particularly in Papua.

From the insights gathered from the four participants, it is clear that mathematics lecturers identified several
key areas for improvement in the use of online assessments, such as computer-based testing (CBT) and
computerized adaptive testing (CAT). They highlighted network availability as a significant barrier, noting that
unreliable internet access often prevents students from participating in assessments. Additionally, the accessibility
of devices such as laptops, computers, and smartphones were a concern, as not all students have the necessary
equipment to engage in online testing, especially in economically disadvantaged areas. The lecturers also
emphasized the need for a robust question bank tailored to the CBT and CAT formats, as the lack of a well-
organized repository can lead to inconsistencies in assessments. Finally, challenges related to the usability of CAT
applications were mentioned with participants stressing the importance of ease of use for both lecturers and
students; complex applications can hinder engagement. These insights can be organized into themes that align
with the questionnaire results, reflecting a cohesive understanding of the challenges in adopting online testing
methodologies and underscoring the necessity for targeted improvements to enhance the effectiveness and fairness
of mathematics assessments.

In Table 6, the results of the interview conclusions were organized into sub-themes that correspond with the
themes derived from the questionnaire results. The challenges faced by mathematics lecturers in utilizing
computerized adaptive testing (CAT) can be categorized into four primary areas: (1) a lack of understanding
regarding CA'T which can hinder its effective implementation; (2) the necessity for adequate software and hardware
to support CAT systems; (3) the requirement for a stable internet network, which is crucial for the functionality of
online testing; and (4) the limitation that CAT cannot be utilized for essay tests.
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Table 6. Grouping of themes based on interview conclusions.

Interview conclusion Subtheme Theme

1. Lecturers in mathematics need help understanding CAT. Lack of understanding of | Challenges:

2. Lecturers in mathematics make question packages containing | mathematics  lecturers | He uses CAT in
questions of different difficulty levels based on the lecturer's | regarding CAT. mathematics tests to
perspective, without CTT or IRT item analysis. assess the performance

3.  Mathematics lecturers estimate the difficulty level of the of students he has
questions based on personal perspectives. taught and to measure

4. A mathematics lecturer once created a question that was the mathematical
manageable in difficulty but difficult for students to answer. abilities of students he

5. Mathematics lecturers determine student grades as usual, final will teach in the future.
grade = (Score obtained/ Total score) x 100

1. Lecturers in mathematics usually prefer to use conventional or | 1. CAT requires
CBT. adequate software and

2. Mathematics lecturers believe that CBT and conventional have hardware.
advantages and disadvantages. 2. CAT  requires an

3. Mathematics lecturers believe that online tests such as CBT or adequate internet
CAT have several areas for improvement. These weaknesses network.
include network availability, laptops/computers/hand phones, | 3. CAT cannot be used
question banks, and CAT applications. for essay tests.

1. Lecturers in mathematics argue that the conventional method's | Mathematics  lecturers | He needs to develop an
weakness is that it wastes time and money. recognize the advantages | interest in using CAT

2. Lecturers in mathematics make test questions based on the grid | of CAT and are | to carry out
if they are not busy. interested in using it if it | assessments that

3. Lecturers in mathematics believe that students should be given | is easy and cheap. provide fairer and more
test questions according to their abilities. accurate  scores  in

4. Lecturers in the field of mathematics believe that the process of measuring the
giving final grades to students that have been used so far has mathematical abilities
not been fair because it does not consider the level of difficulty of of the students he has
the test questions that students can do. taught and the

5. Lecturers in mathematics are of the opinion that students' prospective students he
scoring on the essay test is not a problem and is fair, but it is will teach.
still not fair for the multiple-choice test.

6. Some mathematics lecturers do not know that the CAT can give
a fairer final score than CBT and conventional.

7. Mathematics lecturers are interested in using CAT, especially if
it is easy and cheap. A mathematics lecturer wants to make a
CAT application if the process is easy.

Besides the challenges in using CAT, the results of the interviews also produced other sub-themes which
showed that mathematics lecturers were actually very interested in the advantages of CAT and needed a CAT
application that was easy to use and inexpensive. Thus, the answers to in-depth interviews in this study resulted in
2 major themes, namely (1) the challenges of using CAT in mathematics tests and (2) the need and interest of
mathematics lecturers to use CAT.

5. Discussion

As explained in the previous section, the results of the study are in 2 major themes, namely (1) the challenges
of using CAT in mathematics tests and (2) the need and interest of mathematics lecturers to use CAT. Further
discussion regarding the research results as follows:

5.1. Mathematics Lecturer Challenge to use CAT in Mathematics Tests
This theme was obtained from the results of filling out a questionnaire and the results of in-depth interviews.
The results of the two data collection techniques yielded the following conclusions.

5.1.1. Lack of Understanding of Mathematics Lecturers Regarding CAT

One of the predominant challenges identified was the lack of understanding among mathematics lecturers
regarding CAT. This difficulty often stems from the complexity of CAT systems, which can lead to confusion and a
lack of clarity about their operational processes. Furthermore, the limited availability of accessible information and
resources on CAT exacerbates this issue. Many mathematics lecturers expressed that they found it challenging to
understand how to implement CAT effectively, leading to a preference for more familiar assessment methods, such
as conventional techniques (paper and pencil) or, during the COVID-19 pandemic, computer-based testing (CBT)
using platforms like Google Forms.

Although CBT offers certain psychometric advantages as noted by Triantafillou et al. (2008) which include
enhanced standardization, increased test security, improved display capabilities, reduced measurement errors, and
faster scoring and interpretation it shares fundamental similarities with traditional paper-based testing (PBT).
Both CBT and PBT present the same test items to all test-takers. In CBT, the estimation of a test-taker's ability is
performed using a classical approach, where the number of correctly answered, questions is compared to the total
number of questions completed. This lack of adaptability in traditional testing formats contrasts sharply with the
tailored approach of CAT which dynamically adjusts to the test-taker's ability level, thereby offering a more
personalized assessment experience.

Furthermore, regarding CBT, psychometrically, some of the advantages of CBT as stated by Yulianto (2008)
are (1) increasing standardization, (2) increasing test safety, (3) increasing test display ability, (4) reducing error of
measurement, and (5) speeding up scoring and interpretation. However, in principle, CBT is the same as PPT. The
test takers receive the same set of test items. The working principle of CBT only transfers the PPT paradigm to
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the computer screen. Estimation of the ability of test takers in CBT is done classically, namely by counting the
number of questions that can be answered correctly compared to all the questions done by the test takers.
Meanwhile, in contrast to CBT, according to Hadi and Romadhon (2013) adaptive testing is a test held for test
participants with the questions/items determined based on the participants' initial answers/responses. This is what
distinguishes CAT from PPT and CBT. According to Santoso (2010) CAT is not just moving items into the
computer, but the computer is set to select, present items according to the estimated level of ability of test takers,
and calculate test taker's answer scores. Another mathematics lecturer said that he had never heard of and used
CAT, so he did not know the difficulties in using it. This shows that information about CAT has not been extended
to all regions of Indonesia. In addition, it is estimated that because of the heavy workload and busyness of the
mathematics lecturers, they do not have more time to add knowledge about the latest information in the realm of
assessment.

In addition, there was a mathematics lecturer who stated that the difficulty of making CAT caused a reluctance
to study it and hoped that there would be a ready to-use CAT application, making it easier to use. Meanwhile,
another mathematics lecturer is of the opinion that someone who uses the CAT application in an assessment must
really understand the basics of CAT first, otherwise, it will confuse them and will not be able to account for it.

5.1.2. CAT Requires Adequate Software and Hardware

The challenges of using CAT are reviewed in terms of facilities and infrastructure. According to the
mathematics lecturer, for exams using CAT, students need a laptop or computer while on campus the computer
laboratory is inadequate. CAT as an information system is a structured system that relies on computer hardware
and software technology to collect, process, store and generate information. The development of CAT follows the
criteria for developing an information system by adopting the waterfall model which is also known as the linear
sequential model (Pressman, 2012).

It's not enough to stop there; other mathematics lecturers are of the opinion that in using CAT, apart from
requiring hardware, it also requires software to run CAT. In fact, it must also be supported by the availability of a
question bank. Not everyone is able to develop CAT software because it requires special skills. The difficulty of
making CAT applications is due to the nature of artificial intelligence (AI), so that CAT applications have human-
like intelligence. The use of CAT in every test has the aim of utilizing the invariant property of IRT in creating an
algorithm, namely, each test taker will receive test items that have been adjusted to the individual abilities of the
test takers so that the questions given are not questions that are too difficult or too easy for individuals test takers
(Embretson & Reise, 2013).

The same thing is also stated by Ozyurt, Ozyurt, Baki, and Giiven (2012) that adaptive assessment provides an
opportunity to find out students according to their ability level. An expert system is one of the applications of
artificial intelligence. The basic principle of intelligent systems is to adopt human knowledge to computers, so that
computers have the ability to complete work or solve certain problems as done by an expert (Turban, Aronson, &
Liang, 2005).

In addition, the creation of a question bank also takes a lot of time because the test items that enter the
question bank must first be tested for quality using IRT analysis. The importance of this question bank is in
accordance with what is stated by Masters (1999) which states that in an adaptive test, test items are selected from
the question bank based on the rules for selecting test items that have been previously determined. Computers with
programmable capabilities have high ease of use in the adaptive testing process.

In line with the previous opinion regarding the question bank, other mathematics lecturers argue that the
process of developing an instrument in the form of test questions that are ready to be used takes a long time and
requires a large number of trial samples. In addition, there are mathematics lecturers who argue that if there is no
laptop or computer, both lecturers and students have difficulty typing equations in online tests if they only use
Android phones. The development of adaptive tests needs to pay attention to and evaluate six components, namely:
1) item response model, 2) question bank, 3) initial item selection, 4) method of estimating the level of ability, 5)
procedure for selecting items, 6) rules for stopping the test (Wise & Kingsbury, 2000). When developing the CAT,
the criteria for the six components must be considered, because each has different criteria and options.

In contrast to computerised-based testing (CBT), adaptive testing is distinguished by its ability to adjust
questions based on the participant's initial responses (Hadi & Romadhon, 2018). This feature sets computerized-
based testing (CAT) apart from both traditional paper- pencil testing (PPT) and CBT. While CBT mainly involves
transferring test items to a digital format, CAT uses algorithms to select and present questions that are tailored to
the estimated skill level of each individual test taker. This adaptive approach not only improves the testing
experience but also allows for a more precise assessment of a student’s abilities, as the system dynamically adjusts
according to the participant’s performance throughout the test (Tang et al., 2021).

5.1.8. CAT Requires Adequate Software and Hardware

A key factor in the successful implementation of CAT is ensuring the availability of sufficient software and
hardware. As noted by one mathematics lecturer, students must have access to laptops or computers for CAT-
based exams. However, many campus computer labs require substantial upgrades to meet this need effectively. As
an information system, CAT operates as a structured framework that depends on computer hardware and software
technologies to gather, process, store, and produce relevant data. The development of CAT systems follows
established guidelines for information system development, frequently using the waterfall model or linear
sequential model as described by Quinlan (2008).

In addition to the requirement for suitable hardware, other mathematics lecturers emphasized the importance
of advanced software to support the functioning of CAT. Furthermore, a comprehensive question bank is crucial to
ensure the system can provide a diverse and challenging assessment experience. Developing effective CAT
software is a complex undertaking that demands specialized skills and expertise which are not always readily
accessible.

The complexity of designing CAT applications is further intensified by the inherent nature of artificial
intelligence (AI). CAT systems utilize Al to simulate human-like intelligence, allowing them to adaptively evaluate
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test-takers. The main goal of incorporating CAT into assessments is to leverage the consistent characteristics of
Item Response Theory (IRT) to create an algorithm that customizes the testing experience. This approach ensures
that each participant receives questions suited to their individual ability levels, thereby preventing situations where
they are presented with questions that are either too challenging or too simple (Yim et al., 2024). Furthermore,
research from Senel and Kutlu (2018) affirm that adaptive assessment provides a valuable opportunity to accurately
assess students' ability levels (Senel & Kutlu, 2018).

An expert system, a form of artificial intelligence is based on the principle of incorporating human knowledge
into computer systems, enabling computers to perform tasks or solve specific problems with expertise comparable
to that of a human expert. While the challenges of implementing CAT are substantial, the potential benefits it
offers, particularly in terms of personalized assessments and a more accurate evaluation of student abilities, are
undeniable. Overcoming the current barriers to understanding and accessibility will be essential for fostering wider
adoption of CAT in mathematics education.

Creating a question bank is a substantial task that demands considerable time and effort. Before test items can
be added to the bank, they must undergo rigorous quality testing through item response theory (IRT) analysis.
This process ensures the items are both reliable and valid, which is essential for adaptive testing. The selection of
test items in an adaptive test follows predefined rules, with the items drawn from the established question bank.
The use of computers with programmable capabilities significantly streamlines the adaptive testing process,
enabling the smooth application of these item selection rules. Additionally, to fully leverage the potential of CAT,
the question bank must include items with high reliability estimates, as emphasized by researchers such as
Ebenbeck and Gebhardt (2024) and Mujtaba and Mahapatra (2021). In addition to validity, reliability, and item
characteristics, differential item functioning (DIF) is also a crucial consideration for CAT. DIF analysis can identify
items that may favor specific groups, such as those based on gender. For instance, a study revealed 36 items
affected by DIF in Indonesia's national exams, indicating a bias towards certain groups (Setiawan, Kassymova,
Mbazumutima, & Agustyani, 2024). This reliability is essential to ensure that the adaptive assessment accurately
reflects a test taker's ability. Technology in education is crucial, particularly in assessment activities. Research
indicates that the interaction between the ease of access to digital devices in schools and the completeness of
learning facilities positively impacts students' academic achievements, especially in mathematical literacy (Liestari
& Muhardis, 2021).

In agreement with the importance of a robust question bank, several mathematics lecturers have expressed that
developing effective test items is a time-intensive process that necessitates the use of numerous trial samples.
Additionally, they highlighted that access to technology poses a challenge. If either lecturers or students lack a
laptop or computer, they face difficulties in inputting equations for online tests, particularly when only using
Android phones. Triantafillou et al. (2008) outline the essential components to consider in the development of
adaptive tests, which include: (1) item response model, (2) question bank, (8) initial item selection, (4) method of
estimating ability levels, (5) procedure for item selection, and (6) rules for terminating the test. It is vital to address
each of these components with distinct criteria and options when developing CAT, as their individual
characteristics significantly impact the overall effectiveness of the assessment.

5.1.4. CAT Requires Adequate Internet Network

Another critical challenge associated with using CAT for testing is its reliance on an online platform,
necessitating a stable internet connection. While some mathematics lecturers believe that CAT is relatively
straightforward to implement, they underscore the potential complications that arise from internet disruptions. In
various regions of Indonesia, particularly in remote areas, reliable internet access can be problematic. IFor instance,
in Papua Province, connectivity issues may persist for weeks due to damage to underwater optical cables,
significantly hindering the ability to conduct online assessments.

5.1.5. CAT Cannot Accommodate Essay Tests

A further limitation of CAT is its current inability to facilitate descriptive tests effectively. Several mathematics
lecturers prefer using descriptive assessments over multiple-choice formats, believing that such tests provide a
more accurate measurement of students' mathematical abilities by reducing the influence of guessing. This reliance
on descriptive tests emphasizes the need for CAT systems to evolve and integrate formats that allow for
comprehensive evaluation of student understanding, which currently remains a challenge.

5.2. Needs and Interests of Mathematics Lecturers to Use CAT in Mathematics Tests

The next central theme that emerged from the research results though not initially articulated in the study's
objectives centres on the expressed needs and interests of mathematics lecturers in employing CAT for
mathematics assessments. The goal is to achieve fairer and more accurate evaluations of students' mathematical
capabilities, whether for those they have taught or for prospective students they may teach in the future. This
revelation highlights one of the strengths of qualitative phenomenological research which allows for an in-depth
exploration of participants' experiences, feelings, and expectations many of which might not have been anticipated
by the researcher prior to conducting the study (Senel & Kutlu, 2018). Participants shared their thoughts candidly,
resulting in intriguing findings that contribute significantly to the understanding of the potential for CAT in
mathematics education. The genuine interest in using CAT reflects a desire among lecturers to enhance their
assessment strategies and improve student outcomes, thus showcasing a readiness to embrace innovative
approaches to teaching and evaluation in the mathematics domain.

Mathematics lecturers involved in this study face significant challenges in understanding, utilizing, and
developing CAT applications. However, despite these obstacles, they recognize the benefits that CAT offers,
particularly its ability to assess test takers more fairly compared to traditional paper- based testing (PBT) or
computer- based testing (CBT) methods. The interest in CAT among mathematics lecturers is driven by its ability
to customize test questions based on the abilities of the test takers, resulting in more accurate and skill-based final
scores. One key advantage of CAT is its capacity to reduce boredom for high-ability test takers by preventing them
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from encountering overly simple questions, while ensuring that low-ability test takers are not overwhelmed by
excessively difficult ones. This adaptive feature is consistent with findings from Walker, Bohnke, Cerny, and
Strasser (2010) which highlight the importance of matching test difficulty with the individual capabilities of each
student.

Moreover, CAT can be tailored through various adjustments to assess a wide range of mathematical
competencies, including verbal, non-verbal, and numeracy skills, offering a comprehensive evaluation of student
abilities (Ebenbeck & Gebhardt, 2024). Mathematics lecturers express a strong desire for a future CAT application
that is both user-friendly and cost-effective. Such an application could greatly improve the quality of measurement,
assessment, and evaluation processes in education overall. This viewpoint underscores the potential of CAT-based
assessments to enhance efficiency and accuracy while ensuring practicality in their implementation.

Given its advantages, CAT stands out as a powerful tool for evaluating student capabilities. It offers high
accuracy with fewer questions, ensuring that both efficiency and test quality are maintained. Additionally, CAT
shortens examination times and reduces the potential for collusion among students, as each participant receives a
unique set of questions tailored to their individual abilities. Furthermore, research by Istiyono et al. (2018)
indicates that CAT can effectively manage (a) question banks, (b) automatically organize test items based on
students' abilities, (c) randomly generate answer choices, and (d) keep records of test results, both individually and
collectively.

The benefits of administering tests through computers, particularly CAT are also emphasized by Stepanek and
Martinkova (2020) who highlight several advantages, including (1) flexible test management, (2) enhanced test
security, (3) increased student motivation, and (4) a reduction in testing time by up to 50%, all while maintaining a
consistent level of reliability. Triantafillou et al. (2008) further assert that CAT generates the most informative
data in assessing test takers' abilities. The intelligent algorithms embedded in CAT systems enable the selection of
test items that are aligned with students' proficiency levels. Study in Africa provides empirical evidence for
selecting ability estimation methods for CAT as part of efforts to design accurate testing programs for use in
higher education (Oladele, Ndlovu, & Spangenberg, 2022).

The findings from this study provide valuable insights into the challenges and opportunities of using CAT in
mathematics education. The interest expressed by mathematics lecturers in adopting CAT reflects a readiness to
embrace new, innovative assessment methods that have the potential to enhance educational outcomes. By tackling
the challenges identified, creating more user-friendly applications, and leveraging the unique advantages of CAT,
mathematics education can shift towards a more flexible and personalized assessment system that better captures
students' true mathematical abilities. As the field of education continues to evolve, it's important for all
stakeholders to stay committed to exploring and implementing adaptive assessment approaches that not only
support educators' needs but also foster meaningful learning experiences for students. In addition to being
supported by CAT-based assessments, learners should also be provided with learning media that can enhance their
abilities or skills so that the results can be maximized. There is research that develops a problem-based local
history module as a learning media to improve students' critical thinking skills. The problems presented in the
module are contemporary and related to the students' environment. The process of connecting new knowledge
with existing knowledge allows students to develop their own understanding and improve their critical thinking
skills in problem-solving (Mujiyati, Warto, & Sutimin, 2019).

6. Conclusion

The results of this study indicate that the current landscape of mathematics assessment at universities in
Indonesia predominantly relies on traditional (paper and pencil) methods and computer- based testing (CBT).
Online mathematics assessments have gained increasing prominence, especially since the onset of the COVID-19
pandemic in early 2020 as educational institutions adapted to remote learning. Despite the shift towards digital
assessments, the integration of more advanced assessment technologies, such as computerized adaptive testing
(CAT) remains limited.

The study identifies several challenges faced by mathematics lecturers in implementing CAT, which can be
grouped into four primary themes. First, there is a significant lack of understanding among lecturers regarding
CAT, its purpose, and its potential benefits. Second, the effective use of CAT requires adequate software and
hardware, which are not always available or accessible in many institutions. Third, a reliable and stable internet
network is essential for the successful implementation of CAT, but many universities in Indonesia face connectivity
issues. Finally, CAT has limitations in accommodating descriptive or open-ended questions, which are integral to
assessing higher-order thinking skills in mathematics.

Despite these challenges, the findings highlight a strong demand for user-friendly and cost-effective CAT
applications that can deliver fairer, more personalized, and accurate assessments of students' mathematical abilities.
Lecturers and educational stakeholders recognize the potential of CAT to improve the quality of assessment by
adapting to individual student abilities, offering a more tailored and efficient evaluation process. The demand for
such tools underscores the need for further innovation in the development of accessible CAT systems that can meet
the unique needs of the Indonesian educational context.

Based on the findings, this study recommends the urgent development of an accessible and affordable CAT
application specifically designed for use in Indonesian universities. Given that CAT applications remain relatively
scarce in the country and awareness of their advantages is still limited, it is crucial to disseminate information
regarding the benefits of CAT in enhancing educational assessments. Raising awareness about these advantages,
coupled with fostering innovation among the younger generation of developers will be vital in creating CAT
systems that address the challenges identified in this study.

The adoption of CAT in Indonesian higher education has the potential to significantly improve the quality and
fairness of mathematics assessments. CAT could play a pivotal role in enhancing the overall quality of mathematics
education in Indonesia by ensuring that assessments are more aligned with individual students’ learning needs. It is
essential to support the development of affordable, accessible, and effective CAT solutions that not only address the
current challenges but also foster a more equitable and efficient educational environment for future generations.
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7. Recommendations

Based on the findings of this study, several recommendations can be made to improve the implementation of
computerized adaptive testing (CAT) in mathematics education in Indonesia. First, it is crucial to invest in
comprehensive training programs for mathematics lecturers to enhance their understanding and proficiency in
using CAT. These programs should focus on both the technical aspects of CAT systems and their pedagogical
applications, ensuring that lecturers are equipped with the necessary skills to effectively integrate CAT into their
assessment practices.

Second, efforts should be made to improve the technological infrastructure at Indonesian universities. This
includes providing adequate hardware and software that support CAT as well as ensuring stable and reliable
internet connectivity. Public and private stakeholders, including government institutions and technology providers,
should collaborate to address these infrastructure challenges, making CAT more accessible to a wider range of
universities.

Third, the development of user-friendly and cost-effective CAT applications should be prioritized. These
applications must be tailored to the specific needs of the Indonesian educational context, ensuring that they are
both affordable and easy to use for lecturers and students alike. By creating applications that are more adaptable to
different teaching and learning environments, the adoption of CAT can be facilitated more effectively.

8. Implications

The findings and recommendations of this study have several important implications for the future of
mathematics education and assessment in Indonesia. First, the integration of CAT into the assessment process has
the potential to significantly enhance the fairness and accuracy of mathematics evaluations, offering a more
personalized approach that adjusts to the abilities of individual students. This could lead to more reliable and
equitable assessments, ensuring that students are evaluated based on their true abilities rather than being subject to
biases inherent in traditional testing methods.

Moreover, the adoption of CAT could foster a shift towards more technology-driven and innovative assessment
practices in Indonesian universities. This would not only improve the quality of mathematics education but also
better prepare students for the demands of a technology-based workforce. As such, the successful implementation
of CAT could serve as a model for other disciplines, encouraging the adoption of advanced assessment tools across
various fields of study.

Finally, addressing the challenges identified in this study and implementing the recommended solutions would
have a broader impact on the overall quality of higher education in Indonesia. By embracing modern assessment
technologies, universities can provide a more effective and efficient learning environment that meets the diverse
needs of students and contributes to the long-term development of the nation's educational system.
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