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Abstract

This study developed a web-based diagnostic test application to assess
mathematical literacy in geometry (lines and angles) using four-tier items. The
purpose was to enhance diagnostic accuracy and efficiency in identifying student
misconceptions. The ADDIE model guided the development process through
analysis, design, development, implementation, and evaluation. The application
was validated by experts in mathematics literacy and information technology and
tested on 139 junior high school students in Yogyakarta. The results confirmed
good item quality, including difficulty index, discriminant index, and reliability.
The improvement occurred because the four-tier structure provided deeper
insights into students' reasoning and confidence levels. The application also
received positive user feedback for its clarity, usability, and comprehensive
reporting. This study contributes an effective web-based diagnostic tool that
supports mathematical literacy assessment in an accessible and scalable format.
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1. Introduction

Web-based platforms have significantly transformed educational assessment,
offering flexibility, accessibility, and efficiency [1, 2]. Many reports regarding
web-based platforms have been well-documented [3-6]. One such advancement is
diagnostic assessment, which identifies student misconceptions to inform targeted
instruction [7, 8]. Various diagnostic instruments (such as interviews, open-ended
questions, and multiple-tier tests) offer different strengths and limitations [9].

Table 1 explains previous diagnostic test studies, showing a predominance of
three-tier paper-based formats, often focused on physics content [10-12]. Four-tier
tests, incorporating confidence levels and reasoning, remain limited, particularly in
mathematics literacy [13, 14]. This study developed a web-based diagnostic test
with four-tier items to assess mathematical literacy in geometry (lines and angles),
using the ADDIE model. The novelties included: (i) transitioning from paper-based
to web-based diagnostics, (ii) applying the four-tier format in mathematics, and (iii)
enhancing diagnostic accuracy through online platforms.

Table 1. Previous studies on diagnostic test.

No. Title Ref.

1  Development and application of a two-tier diagnostic test [10]
measuring college biology students' understanding of diffusion
and osmosis after a course of instruction.

2 A three-tier diagnostic test to assess pre- service teachers’ [11]
misconceptions about global warming, greenhouse effect, ozone
layer depletion, and acid rain.

3  Exploring pre-service elementary science teachers’ conceptual [15]
understanding of particulate nature of matter through three-tier
diagnostic test.

4  Assessing students' conceptual understanding using an online [16]
three-tier diagnostic test.

5  Analysing geometry misconception of prospective teachers using [17]
three-tier diagnostic test.

6 A review of studies about four-tier diagnostic tests in physics [18]
education.

7  Four-tier diagnostic test to identify misconceptions in geometrical [12]
optics.

2. Literature Review

Figure 1 shows the entity relationship diagram of a computer-based test (CBT)
system, integrating administrators, teachers, and students within a web-based
assessment platform [19, 20]. The CBT model enables efficient test management,
immediate feedback, and supports eco-friendly digital assessment [21, 22].

Mathematical literacy, as defined by Stacey and Turner, involves the ability to
formulate, use, and interpret mathematics in real-world contexts, enhancing
reasoning and problem-solving [23, 24]. The PISA framework emphasizes literacy
across quantitative, spatial, and data-based content.

The four-tier diagnostic test expands on multiple-choice formats by adding
reasoning layers and confidence levels, improving diagnostic precision [13, 25].
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Though widely used in physics [14, 26], its application in mathematics literacy
remains limited, signaling a need for further development [27].
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Fig. 1. Diagram for the CBT software.

3. Method

This study followed the ADDIE model, comprising analysis, design, development,
implementation, and evaluation stages. Detailed information regarding this method
is explained elsewhere [28]. The analysis phase identified the needs for diagnosing
mathematical literacy in geometry (lines and angles). The design phase structured
the web-based diagnostic test using four-tier items. During development, the
application was built and refined through alpha testing with ICT experts. The
implementation phase involved 139 junior high school students in Yogyakarta,
Indonesia. Finally, the evaluation phase assessed the application’s quality,
including usability, item validity, difficulty index, discriminant index, and
reliability, alongside student responses to ensure its effectiveness in diagnosing
mathematical literacy.

4. Results and Discussion

Figure 2 shows the development flow of the web-based diagnostic test application,
beginning from needs analysis, goal setting, website design, item blueprint, to
assessment strategy formulation [19]. Figure 3 shows the website interface. We
showed the homepage, account registration, and the test interface with timers and
question indicators, corresponding to Figs. 3(a), (b), and (c), respectively, ensuring
an organized and user-friendly experience [21].

The alpha testing phase involved ICT experts refining technical functionalities.
We analyzed statistics to get a better understanding of the results. Detailed
information on how to analyze using statistical analysis is reported elsewhere [29-
31]. Expert validation confirmed the test items' quality, with an average difficulty
index of 0.55 (good), a discriminant index of 0.43 (good), and a reliability
coefficient of 0.76 (reliable). These results occurred because the four-tier item
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structure enhanced the diagnostic accuracy, offering clear reports and accessible

feedback [32-39].
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Fig. 2. Web-based diagnostic test application flowchart.
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Consistent with prior research, these findings reinforce the effectiveness of
four-tier diagnostic tests in pinpointing student misconceptions and ensuring
reliable measurement in mathematics literacy assessments [13, 14, 26, 35]. This
new model test has been shown to accurately identify specific misunderstandings
and provide consistent results, which is crucial for effective evaluation.

5. Conclusion

This study developed a web-based diagnostic test application using four-tier items
to assess mathematical literacy in geometry (lines and angles). The application was
validated by experts and tested on 139 students, confirming good item
characteristics (difficulty, discriminant, and reliability). These results occurred
because the four-tier structure improved the diagnostic depth by assessing both
reasoning and confidence levels. The application also provided clear reports, was
user-friendly, and easily accessible. This research offers a scalable tool for
effectively diagnosing mathematical literacy, supporting targeted interventions in
educational assessments.
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