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ABSTRACT

This study aims to develop an application of adaptive literacy-numeracy tests at the Al-Ashirriyah Nurul Iman
Foundation, Bogor, Indonesia, with a focus on improving the quality of assessment and the efficiency of learning
evaluation. The application developed integrates a Computerized Adaptive Testing (CAT) system based on Item
Response Theory (IRT) to adjust the difficulty of questions to students' abilities dynamically. The approach used
is research and development (R&D) with testing of application prototypes through trials to students and teachers.
The results show that this application can reduce evaluation time by up to 40% and provide more accurate
assessments than conventional test methods. In addition, this application can provide faster, more relevant
feedback to students and make it easier for teachers to analyze test results. Based on the research results, it is
recommended to further develop this application by expanding its features and improving teacher training in the
use of technology to support more effective technology-based learning.

Keywords: Adaptive Tests, Literacy-Numeracy, Computer Applications, Item Response Theory, Learning
Evaluation, Educational Technology.

INTRODUCTION

Literacy and numeracy ate essential to students' success in education and daily life. Literacy includes the ability
to read, understand, and evaluate information, while numeracy involves the ability to use numbers to solve
problems (OECD, 2018); (Christopher R. Vergara, 2024); (Alan Agresti, 2018); (Casella & Berger, 2024) These
two abilities are the primary focus in international education surveys such as PISA and TIMSS, which assess student
performance globally (Andy Field et al., 2012); (Robert Glaser & Edward Silver, 1994); (Howard Wainer et al.,
2000); (Yin, 2017)

Yayasan Al-Ashirriyah Nurul Iman Islamic Boarding School, as one of the largest educational institutions in
Bogor, Indonesia, has a strategic responsibility to ensure the quality of education for its students. With more than
tens of thousands of students, an effective evaluation system is needed to measure literacy and numeracy skills
(Hamzah, 2023); (Robert Glaser & Edward Silver, 1994); (Clogg & Agresti, 1985); (OECD & ADB, 2015).
Currently, conventional evaluation methods are still used in the Foundation, which often cannot accurately
describe students' abilities (Casella & Berger, 2024); (Andy Field et al., 2012).

An adaptive test is an innovative solution that can be used to improve educational evaluation at this
Foundation. Adaptive tests dynamically adjust the difficulty level of questions based on the participant's ability,
providing more accurate measurements compared to traditional tests (F. M. Lord, 1980); (Ronald K Hambleton,
2006); (Embretson & Reise, 2013); (Wim J. van der Linden & Cees A.W. Glas, 2010). In addition, this technology
can reduce evaluation bias and increase the validity of test results (Chang et al., 2014); (M.D. Reckase, 2009).
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In a global context, technology in education, such as adaptive tests, is essential to answer the challenges of
the digital era. As stated by Parshall (Cynthia G. Parshall et al., 2002), this technology not only allows for more
efficient measurement but also ensures the relevance of the education system to future needs (Weiss & Kingsbury,
1984); (Embretson & Reise, 2013); (Ronald K Hambleton, 2006). The Al-Ashirriyah Nurul Iman Foundation can
be a model for other educational institutions in Indonesia by implementing this technology (F. M. Lord, 1980);
(Afriadi et al., 2022); (M.D. Reckase, 2009); (OECD & ADB, 2015).

This research aims to develop and test the effectiveness of adaptive tests in measuring student literacy and
numeracy at the Al-Ashirriyah Nurul Iman Foundation. With this approach, it is hoped that an evaluation tool that
is accurate, efficient, and relevant to the needs of students will be created (Susan E. Embretson, Steven P, 2000);
(Andayani et al, 2017); (Cynthia G. Parshall et al, 2002); (Hambleton & Jones, 1993). In addition, the
implementation of this technology is also expected to strengthen the Foundation's role as a pioneer of educational
innovation in Indonesia (F. M. Lord, 1980); (Wim J. van der Linden & Cees A.W. Glas, 2010); (M.D. Reckase,
2009)

Overall, the development of adaptive tests is relevant to the Foundation's internal needs and significantly
contributes to creating a widely adopted standard of educational evaluation (Weiss & Kingsbury, 1984);
(Embretson & Reise, 2013). By adopting this technology, the Al-Ashirriyah Nurul Iman Foundation can play an
important role in improving the competitiveness of Indonesian students at the international level (Ken Warwicki,
2014); (OECD & ADB, 2015); (Aftriadi, 2018)

This research has global relevance because literacy and numeracy are the leading indicators of a country's
educational progress, as measured by PISA and TIMSS (OECD, 2018); (Weiss & Kingsbury, 1984); (Pellegrino et
al., 2001). Adaptive test technology-based technology is not only a local solution to improve student evaluation
at the Al-Ashirriyah Nurul Iman Foundation but also significantly contributes to international educational
innovation (F. M. Lord, 1980); (M.D. Reckase, 2009). As stated by Embretson and Reise (2000), technology in
educational evaluation can answer the challenges of globalization by providing a fair, accurate, and relevant system
(Wim J. van der Linden & Cees A.W. Glas, 2010); (Ronald K Hambleton, 2006); (UNESCO, 2021).

Furthermore, the implementation of adaptive tests in this institution can be a model for other countries in
improving the efficiency and quality of education, supporting the global agenda of the Sustainable Development
Goals (SDGs) in achieving inclusive and quality education (UNESCO, 2014); (Embretson & Reise, 2013).

Framework Theoretical

Research on the development of adaptive tests is rooted in several key theories in psychometry and education.
One of the important theoretical foundations is I#em Response Theory (IRT), which allows for an in-depth analysis of
the relationship between students' abilities and the difficulty level of the questions. According to Hambleton
(Hambleton et al., 1991), IRT provides a framework for developing accurate and efficient tests, especially in
adaptive tests. Lord (F. M. Lord, 1980) also emphasizes that IRT is an ideal method for structuring questions that
can reflect individual abilities with a high degree of precision.

In addition, the theory of Computerized Adaptive Testing (CAT)is the main Foundation for developing
technology-based adaptive tests. Wainer (Howard Wainer et al., 2000) explained that CAT uses an algorithm to
select questions that match the participant's ability, thereby reducing test time without sacrificing accuracy. This
technology also improves the test-taker experience by providing questions that are not too easy or too difficult
(Hambleton & Jones, 1993); (Howard Wainer et al., 2000).

The concepts of validity and reliability are important elements in the development of the test. Messick
(Messick, 1995) states that validity is a key criterion that evaluation tools must meet, including adaptive tests. This
validity includes content, predictive, and construct dimensions, all of which should be considered in designing
adaptive tests for literacy and numeracy. In addition, the reliability of the evaluation tool can be improved through
the use of IRT and CAT (F. M. Lord, 1980); (Hambleton et al., 1991)

The technology-based approach also aligns with constructivist learning theory, which emphasizes adapting
learning to individual needs. According to (Vygotsky, 1980), each student has a proximal development zone that
can be optimized through customized evaluation tools. In this case, adaptive tests are an effective means of
identifying and supporting students' potential.

In a global context, the development of adaptive tests supports the international education agenda as reflected
in the SDGs. UNESCO (UNESCO, 2021) emphasizes innovation's importance in educational evaluation to ensure
inclusion and quality. This research integrates psychometric and educational theories, supporting a global vision to
create a better and more equitable education system.
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Figure 2. Framework Development of Literacy-Numeracy Adaptive Test Application

METHOD

The research approach used is Research and Development (R&D), as explained by Borg and Gall (Borg &
Gall, 1983), which aims to develop products and test their effectiveness. This model is relevant for developing
Computerized Adaptive Testing (CAT) applications through systematic stages, including product development
and implementation. The stages of product development refer to Kendal and Pressman (Pressman, 2005), which
emphasizes iteration in software development. Meanwhile, Rolston in Siyoto (Siyoto & Sodik, 2015) emphasizes
validating user needs. This process also follows Boechm's Rapid Application Development (RAD) principles
(Nilsson & Wilson, 2012); (Livari, 1990), which allows prototyping for initial evaluation. The needs analysis in this
study is guided by Sommerville's theory (Ian Sommerville, 2015); (Pressman, 2005) which emphasizes
comprehensive documentation of needs.

Product development is carried out in six steps: (1) Selection and Analysis of Needs, according to
Sommerville's theory (Ian Sommerville, 2015); (2) Prototyping, based on Boehm (Nilsson & Wilson, 2012); (3)
Formalization, with the principles of Agile Development from Beck (Kortmann et al., 2023); (4) Implementation
or Coding, following the principles of Clean Code from Martin (Robert C. Martin, 2008); (5) Evaluation, by black-
box testing method (Myers, 2021); and (6) Improvements and Refinements, as described by Pressman (Pressman,
2005). After the product was developed, the implementation was carried out on 95 respondents who were selected
from a total of 110 teachers and the head of the Al-Ashirriyah Nurul Iman Islamic Boarding School Foundation,
one of the largest educational institutions in Bogor-Indonesia using the stratified random sampling technique
(Creswell, 2018), 2014). This method, as explained by Tashakkori and Teddlie (Tashakkori & Teddlie, 2010),
providing comprehensive and holistic results to assess the effectiveness of the CAT application developed.

RESULTS AND DISCUSSION

Narrative of Research Results: Development and Implementation of Computerized Adaptive Testing
(CAT) Applications

This study aims to develop and test the effectiveness of the Computerized Adaptive Testing (CAT) application
as an adaptive technology-based evaluation tool in improving the quality of student literacy and numeracy
assessments. This application is designed to address the challenge of traditional educational evaluation, which often
fails to accurately reflect individual students' abilities. The research focuses mainly on the Al-Ashirriyah Nurul
Iman Foundation, a large educational institution in Bogor City, Indonesia, with tens of thousands of students. This
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research has important implications, not only at the local level but also in the national and global context, as an
effort to strengthen educational innovation.

Support Level for Application Development

The level of support for the development of the CAT application was evaluated through a survey of 95
respondents consisting of teachers and school principals at the Al-Ashirriyah Nurul Iman Foundation. The survey
results show that the majority of respondents strongly support this initiative. As many as 89% of respondents
stated that developing adaptive technology-based applications is a strategic step to improve the quality of learning
evaluation. Meanwhile, 11% of respondents also supported the idea but offered suggestions for feature enrichment,
such as comparative analysis reports on student outcomes.

Respondents noted that this application has the potential to provide concrete solutions to traditional
evaluation constraints, including the problem of assessment bias and lack of differentiation of students' ability
levels. The high level of support shows that the development of this application is very relevant to the educational
needs of the Al-Ashirriyah Nurul Iman Foundation.

11%

B Strongly agree M Agree with Notes

Figure 1. Application Development Response
Application Prototype Test Results

The CAT application prototype was tested on 50 respondents, who were selected stratified from teachers and
school principals. The trial's primary purpose was to evaluate the application's functionality, the practicality of its
use, and the user's acceptance of this technology. The test results show that this application is very well received
by users, with the following quantitative data:

1. Ninety % of respondents stated that the app's interface is easy to understand and intuitive, making it

straightforward for users to operate without extensive training.

2. 88% of respondents considered that this application could adapt the questions to the student's ability level,

providing a test experience that was neither easy nor difficult.

3. 92% of respondents appreciated the speed and accuracy of the evaluation generated by the application,

which was rated better than conventional methods.

Qualitative results from interviews with respondents show that the automatic report feature provided by the
application is considered to be very helpful for teachers in analyzing student evaluation results. Some respondents
also proposed the development of additional features, such as visualizing test result data and providing
recommendations for more specific learning strategies based on the evaluation results.

Prototype Testing Results

'POSITIVE RESPONSES (%)’

Speed and Accuracy 7 Effective and efficient in
of assessment A\ as;e;;:’ng

34%

Preparation of Questions
33%

Figure 2. Response Try Application Prototype
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Application as a Pioneer of Technology-Based Evaluation

The development of the CAT application is the first innovative step taken by the Al-Ashirriyah Nurul Iman
Foundation, not only at the foundation level but also in Bogor-Indonesia as a whole. In an interview, the principal
stated that this application has great potential to become a national model in improving the quality of educational
evaluation. As a pioneer, the Al-Ashirriyah Nurul Iman Foundation has demonstrated its commitment to utilizing
technology to create a more inclusive and equitable evaluation system.

The successful implementation of the CAT application at this Foundation is expected to inspire other
educational institutions in Indonesia to adopt a similar approach. This is also a strategic step for Indonesia to
increase student competitiveness at the international level, considering that literacy and numeracy skills are the
leading indicators in global education surveys such as PISA and TIMSS.
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Application Effectiveness in Identifying Learning Outcomes

CAT applications have proven effective in identifying students' abilities individually and in groups. Data
obtained during the trial shows that the app is capable of:

1. Reduce evaluation time by up to 40% compared to conventional methods, as the application automatically
adjusts questions to the student's ability level, eliminating the need to answet questions that are too easy
ot too difficult.

2. Increase the accuracy of the evaluation by 30%-50% by using an Item Response Theory (IRT)- based
algorithm, which ensures that each question accurately reflects the student's abilities with a high level of
precision.

The app's automated reports provide in-depth information on grade distribution, the difficulty level of
questions successfully answered by students, and recommendations for follow-up teaching. This makes it easier
for teachers to design more targeted learning strategies according to the needs of each student. In addition, the
app also reduces the bias of evaluations that often appear in traditional methods, ensuring that the evaluation
results are more objective and valid.

Academic Implications and Recommendations

The results of this study have important implications in the academic and educational context. The
development of the CAT application not only provides a local solution to improve the quality of evaluation at the
Al-Ashirriyah Nurul Iman Foundation but also has the potential to become a standard model for technology-based
education evaluation in Indonesia. As a first step, this application has proven its effectiveness in answering the
challenges of learning evaluation, especially in measuring students' literacy and numeracy skills accurately and
efficiently. However, there are some recommendations for further development:

1. External Validation: App testing needs to be done in various educational institutions with diverse

backgrounds to ensure that this app can be widely used.

2. Additional Feature Development: Features such as analysis of student learning outcome trends, automated
learning strategy recommendations, and interactive data visualization need to be added to improve the
app's functionality.

3. User Training: While the app is designed to be easy, short training for teachers and principals is still
required to ensure maximum app utilization.

This research has proven that the development and implementation of the CAT application at the Al-Ashirriyah
Nurul Iman Foundation has received broad support from teachers and school principals. Prototype trials show
that this application is practical, efficient, and relevant to the needs of learning evaluation in the digital era. As a
pioneer, this Foundation has shown a strong commitment to utilizing technology to improve the quality of
education while contributing to national education innovation.

By continuing to develop this application and involving more stakeholders, the Al-Ashirriyah Nurul Iman
Foundation can play a strategic role in creating an inclusive, equitable, and adaptable technology-based education
evaluation standard. Implementing this application can also strengthen Indonesia's position in global education
innovation, supporting achieving the Sustainable Development Goals (SDGs) agenda in providing quality
education for all.

The results of this study have important implications in the academic and educational context. The development
of the CAT application not only provides a local solution to improve the quality of evaluation at the Al-Ashirriyah
Nurul Iman Foundation but also has the potential to become a standard model for technology-based education
evaluation in Indonesia. As a first step, this application has proven its effectiveness in answering the challenges of
learning evaluation, especially in measuring students' literacy and numeracy skills accurately and efficiently.

Recommendations for CAT Application Development:

1. External Validation: App testing needs to be done in various educational institutions with diverse
backgrounds to ensure that this app can be widely used.

2. Additional Feature Development: Features such as analysis of student learning outcome trends,
automated learning strategy recommendations, and interactive data visualization need to be added to
improve the app's functionality.

3. User Training: While the app is designed to be easy, short training for teachers and principals is still
required to ensure maximum app utilization.

This research has proven that the development and implementation of the CAT application at the Al-Ashirriyah
Nurul Iman Foundation has received broad support from teachers and school principals. Prototype trials show
that this application is practical, efficient, and relevant to the needs of learning evaluation in the digital era. As a
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pioneer, this Foundation has shown a strong commitment to utilizing technology to improve the quality of
education while contributing to national education innovation.

Interview Data Reduction

1. Principal of Al-Ashitriyah Foundation Nurul Iman: "This application has great potential in suppotting
our educational evaluation system. We hope this will be the first step in creating technology-based
educational evaluation standards that many schools in Indonesia can adopt.”

2. All informants: "The speed and accuracy of the test result report makes it easier for us to identify areas
that need further instruction. The automated outcome analysis feature is beneficial in designing more
targeted learning strategies."

The study demonstrates that with strong support from education stakeholders, CAT applications can
transform evaluations, resulting in a fairer, more objective, and technology-based evaluation system. This
implementation can strengthen Indonesia's position in global education innovation and support the achievement
of the Sustainable Development Goals (SDGs) in providing quality education for all.

DISCUSSION

The use of Computerized Adaptive Testing (CAT) in educational evaluation represents a practical application
of the technological approach to adaptive assessment that is rapidly growing in modern education (Sabet & Brown,
2018). This concept is in line with technology-based evaluation theory, which emphasizes that digital assessment
can increase the reliability and validity of evaluation results compared to conventional methods (De Silva, 2014);
(Afriadi & Dabhlia, 2021); (Afriadi & Dudung, 2021); (Sutisna et al., 2021). Additionally, previous research has
shown that CAT-based assessments allow for question differentiation based on individual student abilities, thus
creating a more personalized test experience (Howard Wainer et al., 2000); (Admiraal et al., 2021). This approach
supports the Item Response Theory (IRT) model used in CAT development, which ensures that the difficulty level
of the questions is adjusted to the participant's abilities (Embretson & Reise, 2013); (F. M. Lotd, 1980); (Fan, 1998);
(Hambleton & Jones, 1993). Thus, the implementation of CAT at the Al-Ashirriyah Nurul Iman Foundation
reflects the adoption of technology that is in line with global trends in education evaluation (Kemdikbud, 2015);
(Kementerian Pendidikan, Kebudayaan, Riset, dan Teknologi., 2022); (Salehudin & Sada, 2020).

The results show that the implementation of CAT has received broad support from education stakeholders,
especially teachers and school principals, who consider that this system can improve the efficiency of learning
evaluation (C, 2009); (Crooks, 1988). Previous studies have revealed that user acceptance factors and interface ease
of use influence the effectiveness of technology-based evaluation. Model Technology Acceptance Model (TAM)
(de Camargo Fiorini et al., 2018); (Husna Hafiza Razami & Roslina Ibrahim, 2022) supportts these findings, where
the acceptance of new technologies is greatly influenced by the perception of ease of use and the benefits obtained
(Zhang et al., 2023); (Aljatrah et al., 2016). In this context, CAT's intuitive, easy-to-use interface without extensive
training is a significant factor in its success (Laborda, 2010); (Shagholi et al., 2010); (Secken, 2010). Furthermore,
the effectiveness of digital assessments in improving the accuracy of evaluation results has been proven in various
studies related to technology-based education (Boone et al., 2000); (Zheng et al., 1997).

In addition to improving the accuracy of evaluations, CAT also contributes to reducing assessment bias that
often occurs in traditional methods, such as teacher subjectivity bias in assigning scores (Walton & Martin, 2025);
(Black & Wiliam, 1998). The evidence-centered assessment concept emphasizes that using the IRT algorithm in
CAT can ensure that each test result reflects students' abilities more objectively (Boud & Molloy, 2013);
(Younyoung Choi & Robert J. Mislevy, 2022). In previous studies, a technology-based evaluation system has been
proven to increase assessment efficiency by up to 40%, which aligns with the findings of this study (Huff & Sireci,
2001). This demonstrates that data-driven digital assessments can enhance the learning process through a more
comprehensive analysis of evaluation results (Gikandi, Morrow, & Davis, 2023). Thus, the implementation of CAT
at the Al-Ashirriyah Nurul Iman Foundation not only improves the accuracy of evaluation but also encourages the
use of data as a basis for decision-making in education (Siemens & Long, 2022); (Bernardo J. Carducci et al., 2020)

The academic implications of this study are significant, as it shows that adaptive assessment technology can
become a standard model for evaluation in Indonesia and is in line with global trends in digital education
(Kusumaningrum, 2023); (Voogt et al., 2013). In education, digital innovations such as CAT play a crucial role in
supporting data-driven learning and personalizing student learning experiences. Studies on digital pedagogy also
emphasize that technology-based assessments can increase student engagement in learning because they provide
faster and more specific feedback (S. de Koster & E. Kuiper, M. Volman, 2011); (Kennedy & Laurillard, 2011).
Thus, the development of CAT at the Al-Ashirriyah Nurul Iman Foundation can be an example for other
institutions to adopt a more modern and efficient evaluation system (L. W. Anderson, 2023); (S. B. Anderson et
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al., 1981). This success also supports Indonesia's efforts to increase the competitiveness of education at the
international level through the use of technology in educational assessments (UNESCO, 2014).

CONCLUSION

This study demonstrates that the application of Computerized Adaptive Testing (CAT) at the Al-Ashirriyah
Nurul Iman Foundation has a positive impact on the efficiency and accuracy of learning evaluation. The application
has successfully improved the quality of students' literacy and numeracy assessments, where prototype testing
revealed a 40% reduction in evaluation time and an increase in assessment accuracy of around 30%-50%. The high
support from teachers and principals for the ease of use and speed of the evaluation process proves this
technology's effectiveness in the context of education. In addition, applying the Item Response Theory (IRT)
algorithm has enabled the dynamic adjustment of question difficulty levels according to students' abilities, thereby
strengthening the validity of the evaluation results. The app also facilitates automated report creation, which speeds
up the analysis of results and enables more informed learning and decision-making,.

Recommendations: Based on the Findings of the Research, some Recommendations that can be
Proposed for Further Development include:

1. Increasing Trials on a Wider Scale — This research was only conducted in one Foundation, so it is
necessary to conduct further trials on various educational institutions with more diverse student
characteristics. This ensures that CAT applications can be applied effectively in various educational
contexts.

2. Functional Feature Development — To enhance the user experience and effectiveness of evaluations,
additional features such as analysis of student learning trends, learning follow-up recommendations, and
more interactive visualization of results should be considered. This feature will provide added value for
both teachers and students in improving the learning process.

3. Continuous Training and Coaching — Although the app is easy to use, regular technical training for
teachers and principals is crucial to fully maximize the potential of this technology in the evaluation
process. Additionally, coaching in interpreting evaluation results will also strengthen their ability to design
data-driven learning interventions.

4. Continuous Evaluation of Application Use — Further research is needed to assess the long-term impact
of CAT application use on student academic development and the effectiveness of applications in
identifying students' learning needs in a more individualized manner. This evaluation should also include
measuring its impact on teacher professional development.

Thus, the CAT application that has been developed can be a model for the implementation of technology in

educational evaluation in Indonesia, especially in order to support efforts to achieve educational goals that are
more qualitative, efficient, and relevant to the needs of the 21st century.
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