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Abstract: The implementation of multi-tiered diagnostic tests is crucial for identifying and addressing
student misconceptions in primary education. This study systematically reviews the development and
application of these diagnostic tools in primary schools from 2019 to 2024. Following the PRISMA
protocol, 26 studies were selected from an initial 178 records obtained from the Scopus database. The
analysis highlights trends in test development, key content areas, and potential future applications in
primary mathematics education. The findings emphasize the importance of tailored diagnostic tools for
early identification of misconceptions and suggest directions for future research to enhance their
effectiveness in educational assessments. The findings are expected to contribute to education in
Indonesia by providing tools and strategies tailored to the unique needs of primary school students,
thereby enhancing their foundational mathematical understanding and long-term academic success.
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Introduction

In the process of student interaction with learning content, misconceptions-defined as
misunderstandings of concepts caused by ontogenic, didactic, and epistemological obstacles-often
emerge and hinder learning. These misconceptions are particularly problematic in foundational
education, as they can obstruct the understanding of advanced topics and disrupt cumulative learning
processes. (Gurel et al., 2015) explains that "misconception" is the term most commonly used to describe
understanding that is contrary to the views of experts (Clement et al., 1989; Driver & Easley, 1978;
Helm, 1980). In addition to this term, the literature also recognizes other terms such as "alternative
conception”" (Klammer, 1998; Palmer & Sarju, 2022; Wandersee et al., 1994), "naive belief"
(McCloskey et al.,, 1980), "children's ideas" (Osborne et al., 1993), "conceptual difficulties"
(McDermott, 1993), "primitive phenomenology" (diSessa, 1993), and "mental model" (Greca &
Moreira, 2002). The multidimensional nature of misconceptions necessitates diagnostic tools capable of
addressing these challenges effectively.

Research shows that misconceptions can hinder student learning and affect linkages to other more
complex concepts (Gurel et al.,, 2015). For example, students who misunderstand fundamental
arithmetic operations often struggle with algebraic reasoning and problem-solving, creating persistent
gaps in their mathematical competence. Therefore, identifying and addressing misconceptions is crucial
for measuring students' level of mastery, tracking their progress, and evaluating the effectiveness of
educational programs (Sujinah et al., 2024). Assessment for Learning (AfL) approaches have
demonstrated significant positive impacts on mathematics learning by providing feedback to address
student misconceptions effectively (Yusron & Sudiyatno, 2021). Recent studies have highlighted the
shifts in assessment practices post-COVID-19, where innovative tools and methodologies have been
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emphasized to address these educational challenges effectively (Azis et al., 2024). In addition, the
identification of misconceptions is also effective in evaluating the competence of teachers and
prospective teachers (Osadchuk, 2021; Shamigulova et al., 2022). Research highlights that pre-service
mathematics learning for primary school teachers’ beliefs about assessment significantly influence their
teaching practices and their ability to address student misconceptions effectively (Tamba et al., 2021).
Despite the availability of diagnostic tools, their application in mathematics learning for primary school
is limited, particularly in addressing common misconceptions such as fractions, place value, and
arithmetic strategies. This gap underscores the need for research aimed at developing tools tailored to
the needs of younger learners.

Diagnostic tests are one of the tools that can be used to identify student misconceptions. These
tests can be in the form of interviews, mind maps, open-ended questions, multiple-choice tests, or graded
multiple-choice tests (Gurel et al., 2015; Treagust, 1986). Each type of diagnostic test offers unique
advantages and limitations. For instance, open-ended questions allow for detailed exploration of
students' thought processes, while multiple-choice tests provide efficiency in identifying common
misconceptions across larger groups of students. Educators need to tailor the purpose of using the test
to the specific needs in their classroom. The exploration of alternative assessments in mathematics,
particularly during uncertain times, highlights the importance of adaptable diagnostic tools to support
diverse educational needs (Mahmud et al., 2021). Recent advancements, such as multi-tiered diagnostic
tests, have combined multiple perspectives—including confidence levels and reasoning processes—to
address the complexities of student misconceptions more effectively (Lai & Chen, 2010; Nainggolan et
al., 2022). Ensuring the quality of these diagnostic tools is critical, as research has demonstrated the
importance of construct validity and reliability in assessment instruments for primary schools (Otaya et
al., 2020) and the alignment of examination questions with quality standards through the Rasch Model
(Banawi et al., 2023).

The use of diagnostic tests in education has increased in various fields. These tests not only help
identify students' strengths and weaknesses but also allow educators to adjust teaching strategies to
improve learning outcomes (Shim et al., 2017). For example, in science education, diagnostic tests have
been used to identify misconceptions about Newtonian mechanics and genetics (Lai & Chen, 2010; Lim
& Poo, 2021). Similarly, in language education, diagnostic tools are applied to assess students’ grammar
and vocabulary proficiency (Wibowo & Rosalina, 2019). The application of diagnostic tests in education
parallels their use in other fields, such as clinical microbiology, where molecular diagnostics have
revolutionized disease detection (Ramanan et al., 2018). These interdisciplinary parallels underscore the
importance of precision diagnostics in improving outcomes across domains, including education.
However, the transfer of best practices from other fields, such as medical diagnostics, into educational
contexts remains limited, highlighting the need for further integration of proven methodologies (Austin-
Tse et al., 2022; Hueth et al., 2022; Liu & Zanotti, 2011; Tuut et al., 2022).

Currently, the development of multi-tiered diagnostic tests, including two-tier, three-tier, four-
tier, and five-tier formats, has become a trend in educational assessment to more effectively identify
student misconceptions across different subjects. Two-tier diagnostic tests, which combine multiple-
choice questions with reasoning, are widely used in science education to uncover misconceptions in
topics such as genetics, physics and biology (Lai & Chen, 2010; Lim & Poo, 2021; Uyulgan et al., 2014).
The three-tier test adds a dimension of student confidence in their answers, which improves accuracy in
identifying misconceptions (Nainggolan et al., 2022; Putri et al., 2023). This feature is particularly
important for detecting deeply rooted misconceptions, as students often exhibit high confidence in
incorrect answers. Meanwhile, four- and five-tier tests assess more detailed aspects, such as reasoning,
confidence, and reasoning behind students' answers, thus providing a more comprehensive assessment
and aiding in the development of more targeted learning strategies (Habiddin & Page, 2019; Ramadhani
& Ermawati, 2021). However, despite these advancements, their application in mathematics learning
for primary school remains underexplored, particularly for foundational topics such as fractions,
arithmetic operations, and place value.

In mathematics education, multi-tiered diagnostic tests have also been used to assess students'
understanding and identify misconceptions that may be hindering their learning. These tests have proven
effective in diagnosing challenges in areas such as arithmetic operations, fractions, and algebraic
reasoning (Roos et al., 2023; Yang & Lin, 2015). However, most existing research focuses on secondary
and higher education levels, leaving a significant gap in the application of these diagnostic tools in
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mathematics learning for primary school. Research shows that these tests can improve students'
arithmetic competence through stepwise intervention models, yet their application in foundational
mathematics education remains limited. This research aims to address this gap by focusing on
mathematics learning for primary school, a critical stage where early intervention can prevent the
entrenchment of misconceptions. The findings are expected to contribute to education in Indonesia by
providing tools and strategies tailored to the unique needs of primary school students, thereby enhancing
their foundational mathematical understanding and long-term academic success.

Through a systematic review of the literature, this study aims to outline trends in the development
of multi-tiered mathematics diagnostic tests, describe the content areas that have been developed, and
provide recommendations for further development. Specifically, this study addresses gaps in the
application of diagnostic tools for mathematics learning for primary school by focusing on how these
tools can be adapted to foundational concepts such as arithmetic operations, fractions, and place value.
By exploring these trends, this research seeks to bridge the gap between theoretical advancements in
diagnostic testing and practical applications in primary education. The research questions posed in this
paper include: (1) what are the trends in the development of multi-tiered diagnostic tests in primary
schools? (2) on what variables or materials have multi-tiered diagnostic tests been developed? and (3)
what kind of multi-tier math diagnostic tests can be developed in the future? The findings of this study
are expected to provide actionable insights for educators and researchers, contributing to the
development of more effective diagnostic tools and teaching strategies in Indonesia's primary education
system.

Methods

A search for relevant literature on multiple-tier diagnostic tests in primary schools was conducted
using the Scopus database. To capture a wide range of studies, keywords such as "multi-tier diagnostic
test", "education", "five-tier diagnostic test", "four-tier diagnostic test", "three-tier diagnostic test", and
"two-tier diagnostic test" were used. Boolean operators (AND, OR, NOT) were used to narrow and
focus the search results, ensuring that the search was broad and topic-specific. The search included
literature published from 2019 to March 2024 to look at the overall process of diagnostic test
development as well as the latest methodologies in this field.

Inclusion criteria for study selection included: (1) studies published in peer-reviewed journals, to
ensure the credibility and reliability of the research; (2) studies focusing on tiered diagnostic tests in
educational contexts; (3) studies involving the development, implementation, or evaluation of these
diagnostic tools; and (4) articles written in English to maintain language consistency and accessibility.
Conversely, the exclusion criteria eliminated: (1) studies that did not focus on school environments, as
the focus was on educational contexts; (2) articles that had not been peer-reviewed or opinion articles,
to maintain high standards of academic rigor; (3) studies that lacked full text, as access to full studies
was necessary for a thorough evaluation; and (4) articles published in languages other than English, to
avoid language barriers and ensure comprehensive understanding.

The selection process involved initial screening of titles and abstracts by two independent
reviewers to assess relevance to the topic of graded diagnostic tests in primary schools. Articles deemed
relevant then underwent full-text review to ensure eligibility based on established inclusion and
exclusion criteria. Any differences between reviewers during this phase were resolved through
discussion, with a third reviewer consulted when necessary to reach consensus.
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Figure 1. Initial Network Visualization Figure 2. Initial Overlay Visualization
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Data extraction was performed using a standardized form (see Table 1) to maintain consistency
and completeness across all included studies. The form captured important information such as study
characteristics (authors, year of publication, and journal), study design, sample population, specific
interventions or diagnostic tools used, outcomes measured, and key findings. This structured approach
facilitates the systematic collection of relevant data for analysis.

The extracted data was analyzed using VOSviewer to create thematic visualizations and identify
key trends, clusters, and interdependencies within the dataset. Figure 1 shows the initial network
visualization, highlighting the thematic organization within the dataset, including various clusters of
research-related terms, educational methodologies, and participant demographics. Figure 2 presents the
initial overlay visualization, adding a temporal dimension with a color gradient indicating the average
publication year of the terms, showing the evolution of research themes over time.

Based on the mapping of 47 keywords scattered in 3 clusters and referring to the occurrence and
total link strength on VOSviewer, it was found that the themes most related to multiple-tier diagnostic
tests were development (occurrence: 47, total link strength: 302), student misconceptions (occurrence:
46, total link strength: 229), knowledge (occurrence: 42, total link strength: 271), categories (occurrence:
39, total link strength: 204), models (occurrence: 38, total link strength: 227), and topics (occurrence:
37, total link strength: 242). These keywords hint at what the multiple-tier diagnostic test is all about.

The PRISMA flowchart (Figure 3) provides a detailed overview of the systematic review process,
illustrating the stages of study identification, screening, eligibility assessment and inclusion. Initially,
178 studies were identified, which were then screened down to 26 studies that met the inclusion criteria.
This diagram highlights the rigorous selection methodology used to ensure the inclusion of high-quality
and relevant research studies.

Identification of new studies via databases and registers

Records removed before screening:

c
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Figure 3. PRISMA Flow Diagram for Systematic Review (Haddaway et al., 2022)

This methodical approach ensures that the selected studies are relevant, of high quality, and
provide a comprehensive picture of the development and implementation of tiered diagnostic tests in
primary schools. Using standardized procedures for data search, selection and extraction, this systematic
review aims to provide robust and insightful conclusions that can guide future research and practice in
educational assessment.
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Results and Discussion

In the results and discussion section, this study focuses on three main subtopics related to
multiple-tier diagnostic tests. First, the trend of multiple-tier diagnostic tests is analyzed to highlight
their growing adoption as a powerful tool for understanding and addressing students' misconceptions in
depth. This aligns with the research objective of identifying the temporal, geographical, and disciplinary
distribution of these tests. Second, the study examines the specific variables and materials developed
within the context of multiple-tier diagnostic tests, providing a detailed overview of their application in
educational research. This subtopic is critical in addressing the research objective of evaluating the
design and implementation of these tests in various contexts. Finally, potential future developments in
multiple-tier diagnostic tests are discussed, particularly in mathematics, to emphasize their role in
enhancing students' conceptual understanding and procedural skills through more accurate diagnostic
tools and targeted interventions. This discussion is closely tied to the objective of proposing
recommendations for future test designs in mathematic learning for primary school.

Table 1. Finding 26 Articles from the Scopus Database

No. Article Country Year Study Level Grade Sample
1 (Retone & Prudent, 2023) Philippines 2023 Biology  3-tier college 109
2 (Nasir et al., 2023) Indonesia 2023 Physics 2-tier college 81
3 (Aksoy & Erten, 2022) Turkey 2022 Physics 4-tier college 401
4 (Kiray & Simsek, 2021) Turkey 2021 Physics 4-tier college 470
5 (Halim et al., 2021) Indonesia 2021 Physics 3-tier college 281
6  (Muhajir, 2021) Indonesia 2021 Geography 4-tier college 147
7  (Nurfalah et al., 2020) Indonesia 2020 Math 2-tier college 35
8 (Andariana et al., 2020) Indonesia 2020 Biology  3-tier college 128
9 (Liampa et al., 2019) Greece 2019 Science 3-tier college 219
10 (Yang & Sianturi, 2019) Taiwan 2019 Math 3-tier elementary school 125
11 (Anam et al., 2019) Indonesia 2019 Science S-tier elementary school 69
12 (Suparman et al., 2024) Indonesia 2024 Chemistry 5-tier senior high school 580
13 (Lopez-Garduza et al., 2024) Mexico 2024 Chemistry 4-tier senior high school 8
14 (Astuti et al., 2023) Indonesia 2023 Physics 4-tier senior high school 270
15 (Jumadi et al., 2023) Indonesia 2023 Physics 4-tier senior high school 241
16 (Istiyono et al., 2023) Indonesia 2023 Physics 4-tier senior high school 700
17 (Murni et al., 2022) Indonesia 2022 Chemistry 2-tier senior high school 137
18 (Lim & Poo, 2021) Malaysia 2021 Biology  2-tier senior high school 500
19 (Hadinugrahaningsih et al., 2020) Indonesia 2020 Chemistry 2-tier senior high school 127
20 (Métioui & Trudel, 2020) Canada 2020 Physics 2-tier senior high school 25
21 (Wardani et al., 2020) Taiwan 2020 Chemistry 3-tier senior high school 68
22 (Prodjosantoso et al., 2019) Indonesia 2019 Chemistry 3-tier senior high school 56
23 (Madlazim & Izzah, 2019) Indonesia 2019 Physics 4-tier senior high school 32
24 (Ribi¢ et al., 2024) Slovenia 2024 Chemistry 3-tier junior high school 503
25 (Yeoetal., 2022) Taiwan 2022 Biology  3-tier junior high school 106
26 (Majer et al., 2019) Slovenia 2019 Chemistry 3-tier junior high school 1012

The Trend of Multiple-tier Diagnostic Test Development

The trend of Multi-Tier Diagnostic Test development in the field of education demonstrates a
growing significance, supported by the analysis of metrics represented in Figures 4, 5, and 6. Figure 4
highlights the distribution of research across various subject areas, with Physics (36%) and Chemistry
(32%) emerging as the most studied disciplines. This trend underscores the strong interest in these core
scientific subjects, driven by their complex concepts that require detailed diagnostic tools to accurately
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address misconceptions and learning gaps. Biology (12%), Mathematics (8%), and General Science
(8%) have also shown notable research activity, reflects the expansion of the application of Multi-Tier
Diagnostic Tests in various fields of educational science. However, Geography (4%), as an
underrepresented area, illustrates the need for broader exploration to leverage these tools across diverse
educational contexts. The identification of trends in the development of these diagnostic assessments
highlights the potential for extending their use into less explored disciplines, such as Mathematics and
General Science.

Figure 5 illustrates the geographical distribution of research on Multi-tier Diagnostic Tests, with
the largest concentration found in Indonesia (56%). This dominance indicates that researchers and
educational institutions in Indonesia place significant emphasis on the development and application of
these diagnostic tools. This focus may be attributed to supportive educational policies, adequate research
funding, and heightened awareness of the need for diagnostic tools to address student misconceptions
in the region. Significant contributions also come from countries such as Slovenia (8%), Turkey (8%),
and Taiwan (8%), reflecting their active involvement in global efforts to improve educational practices
through diagnostic innovations. Meanwhile, smaller contributions from countries such as Greece,
Canada, Malaysia, the Philippines, and Mexico (4% each) demonstrate growing international interest,
although the distribution remains uneven. This pattern highlights the expanding international
collaboration in educational research while underscoring the potential to extend the use of these
diagnostic tools across diverse educational contexts worldwide.

Figure 6 illustrates the distribution of publication years, highlighting the temporal trends in the
development of Multi-Tier Diagnostic Tests. The data reveals a peak in research activity in 2019 (24%)),
followed by consistent contributions in 2020 (20%), 2021 (16%), and 2022 (8%). The surge in 2019
reflects heightened interest and innovation in this field, possibly driven by emerging educational
challenges and advancements in diagnostic methodologies. However, the decline observed in 2024
(12%) may signify a shift in research priorities, potentially towards newer or alternative educational
technologies and assessment methods. Despite these fluctuations, the steady volume of research over
the years underscores the sustained relevance of Multi-Tier Diagnostic Tests in educational research.
These tools remain critical in identifying and addressing student misconceptions, supporting educators
in improving learning outcomes through evidence-based interventions.
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Figure 4. Field Study Figure 5. Publication Year Figure 6. Geo. Distribution

Variables/contents Have Multiple-tier Diagnostic Tests Been Developed On

Figure 7 illustrates the distribution of study designs employed in Multi-Tier Diagnostic Test
research, offering insights into the complexity and depth of these diagnostic tools. The 3-tier design
emerges as the most utilized, accounting for 36% of studies. This widespread use can be attributed to its
balanced approach, which provides detailed diagnostics without being overly complex or difficult to
administer. The 4-tier design, comprising 32% of studies, reflects a preference for more comprehensive
diagnostic tools aimed at pinpointing specific misconceptions and learning gaps with greater precision.
Meanwhile, the 2-tier design, at 24%, demonstrates the continued reliance on simpler diagnostic formats
due to their ease of implementation and broad applicability across educational contexts. The 5-tier
design, representing just 8% of studies, highlights its limited adoption, likely due to the increased
complexity and resource demands associated with these detailed assessments. This distribution
underscores the diversity of diagnostic test designs, each tailored to address specific educational needs.
The prevalence of 3- and 4-tier designs suggests a balance between diagnostic precision and practicality,
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while the lower adoption of 5-tier designs signals the challenges of integrating highly detailed tools into
everyday educational practices.

Figure 8 provides an analysis of the sample sizes utilized in Multi-Tier Diagnostic Test studies,
offering insights into the robustness and generalizability of their findings. The majority of studies (56%)
employed sample sizes between 6 and 208, reflecting a preference for smaller, more manageable
research groups that allow for detailed, individualized analyses. Such sample sizes are particularly
suitable for in-depth studies exploring specific variables or educational contexts. A significant portion
of studies (20%) used sample sizes ranging from 209 to 408, indicating an effort to strike a balance
between detailed exploration and broader applicability of findings. Moderately larger sample sizes,
between 409 and 610, accounted for 16% of the studies, demonstrating a moderate inclination towards
generalizing findings to wider populations. The smallest proportions (4% each) were observed in the
ranges of 611 to 810 and 811 to 1012, suggesting that very large sample sizes are less common due to
the logistical and analytical challenges they entail. This distribution highlights the diverse
methodological approaches in sample size selection, with a predominance of small-scale studies
designed for specificity and precision. The variation in sample sizes reflects the adaptability of Multi-
Tier Diagnostic Test research to different educational needs and contexts.

409-610
14%

Figure 7. Study Design Figure 8. Sample Size

Figure 9 illustrates the distribution of educational levels in Multi-Tier Diagnostic Test research,
revealing a predominant focus on secondary education, which constitutes 46.2% (12 studies), followed
by higher education (PT) at 34.6% (9 studies). This highlights a strong emphasis on addressing
misconceptions in subjects such as physics and chemistry, commonly taught at these levels. In contrast,
middle school and elementary school are underrepresented, accounting for only 11.5% (3 studies) and
7.7% (2 studies), respectively. The limited focus on earlier educational levels underscores a critical gap
in research, where foundational learning in mathematics and science is vital for long-term academic
success. Expanding research efforts to include younger students is essential to develop diagnostic tools
that effectively address misconceptions early, preventing compounded learning difficulties in later
stages.

Figure 9. Education Level
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A total of 26 studies on the development of Multi-Tier Diagnostic Tests highlight a diverse range
of interventions tailored to address student misconceptions across various disciplines and educational
levels. These interventions, which predominantly leverage advanced technology platforms, employ two
to five levels to provide nuanced insights into students' conceptual understanding. For instance, a five-
tier computer-based chemistry diagnostic test developed by (Suparman et al., 2024) demonstrates how
digital tools can enhance the accuracy and accessibility of assessments. Similarly, (Astuti et al., 2023)
introduced an Android-based four-tier physics test app, emphasizing the shift towards mobile
technology for practical and scalable diagnostic purposes. This trend underscores the growing reliance
on technology to improve the precision of diagnostic tools and their implementation in diverse
educational contexts, aligning with the need to make assessments both efficient and widely accessible.
However, the limited application of such tools in foundational education remains a significant gap that
warrants further exploration.

Despite the diversity of subjects, the central goal of Multi-Tier Diagnostic Tests is consistent:
identifying and remediating student misconceptions to enhance learning outcomes. Studies such as those
by (Aksoy & Erten, 2022), (Astuti et al., 2023), (Halim et al., 2021), (Jumadi et al., 2023), and
(Suparman et al., 2024) demonstrate the use of these diagnostic tools across disciplines, utilizing two to
five tiers to pinpoint specific areas of misunderstanding. For instance, (Ariyani & Rusilowati, 2023) and
(Banawi et al., 2022) highlight how Multi-Tier Diagnostics can effectively identify gaps in physics and
chemistry learning, while (Fikri et al., 2023) and (Wulandari et al., 2018) showcase similar applications
in biology and environmental science. Improving the performance of public elementary schools through
evidence-based interventions, including the use of diagnostic tools, has been emphasized as a key
strategy to enhance educational outcomes (Kamaludin, 2023). The complexity of the tools and their
applicability vary across educational levels, with higher-tier diagnostics predominantly used for
advanced topics in secondary and higher education. Conversely, studies in foundational science and
mathematics often rely on fewer tiers to address basic misconceptions. This adaptability across subjects
and levels underscores the crucial role of Multi-Tier Diagnostics in enhancing teaching strategies. By
offering detailed insights into specific misconceptions, these tools empower educators to design targeted
interventions that directly address student learning challenges.

The review revealed that research on multiple-tier diagnostic tests with a focus on mathematics
remains scarce, with only a few notable contributions in this domain. For instance, (Yang & Sianturi,
2019) developed a four-tier diagnostic test specifically designed to evaluate mathematical reasoning,
targeting and addressing misconceptions in students' problem-solving approaches. Similarly, (Wardani
et al., 2020) employed a three-tier diagnostic test utilizing triangulation analysis to assess deductive
reasoning in mathematics. These studies demonstrate the potential of Multi-Tier Diagnostics to uncover
intricate misconceptions in mathematical learning processes. However, the limited number of studies
highlights the urgent need for further research to design comprehensive diagnostic tools specifically
tailored to mathematical concepts, particularly at the primary education level. Expanding research in
this area is essential to address misconceptions early, enabling targeted interventions that build strong
foundational mathematical understanding.

Multiple-tier Mathematics Diagnostic Tests Can Be Developed in the Future

A review of studies on Multi-Tier diagnostic tests highlights a significant gap in the development
of these tools for mathematic learning for primary school. Although extensive research and interventions
have been conducted at higher levels of education and in disciplines such as chemistry and physics, the
focus on younger students and foundational mathematical concepts remains limited. For instance,
(Bhakti et al., 2022) demonstrated the use of four-tier diagnostic tests in thermodynamics to identify
misconceptions effectively, while (Suparman et al., 2024) developed a computer-based five-tier
diagnostic test for chemical concepts. However, comprehensive tools tailored to the unique needs of
primary education are still lacking. In the context of mathematics, (Wardani et al., 2020) explored the
role of inductive and deductive approaches in enhancing reasoning skills, and (Yang & Sianturi, 2019)
utilized three-tier diagnostic tests to assess students' conceptual understanding. These studies emphasize
the need for more targeted research and development of diagnostic tools that address misconceptions in
mathematics learning for primary school (Halimah & Wibowo, 2024; Awaliyah et al., 2024).

The development of tiered mathematics diagnostic tests for primary education can leverage
foundational concepts outlined in Elementary and Middle School Mathematics by Van de Walle, Karp,
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and Bay-Williams (Walle et al., 2016). This seminal work highlights key areas such as early number
concepts, number sense, the meaning of operations, and basic fact fluency. By designing diagnostic tests
that focus on these core areas, educators can pinpoint specific misconceptions and address gaps in young
students more effectively (Nurhikmah & Wibowo, 2024; Santoso et al., 2024; Efendi et al., 2024). For
instance, a progressive diagnostic test could begin by assessing basic number recognition and gradually
move to more complex tasks like comparing and ordering numbers, providing a detailed understanding
of students' grasp of place value. Similarly, tailored tests can evaluate students' arithmetic operation
skills, beginning with simple addition and subtraction and advancing to explore the properties and
relationships inherent in these operations. Thematic-integrative assessment approaches, as demonstrated
in previous studies, underscore the importance of aligning diagnostic tools with curriculum goals to
ensure practicality and relevance in classroom settings (Prasetyo, 2017; Mustadi et al., 2024). Such a
stepwise approach ensures targeted interventions, fostering a deeper and more accurate understanding
of foundational mathematical concepts.

In addition to early number concepts and operations, Multi-Tier diagnostic tests can be expanded
to include measurement and data concepts, geometry, spatial understanding, and algebraic thinking,
which are fundamental to building a comprehensive mathematical foundation. For example, diagnostic
tests in measurement could begin with basic concepts like length and weight, gradually advancing to
more intricate ideas such as volume and area. Similarly, geometry diagnostics could evaluate students’
understanding of shapes, their properties, and spatial relationships, while algebraic thinking diagnostics
could focus on identifying patterns, relationships, and functions. Additionally, the assessment of
psychomotor skills has gained attention, especially during distance learning, where accurate evaluation
of multidimensional competencies posed unique challenges (Ambarwati et al., 2022; Harokah et al.,
2024; Toding & Wibowo, 2024). The integration of digital resources, such as science digital libraries,
has shown significant potential in enhancing literacy and supporting diagnostic tools by providing
accessible and interactive content (Prastiti & Adi, 2024; Wibowo et al., 2024). By integrating these
broad content areas into a multi-level diagnostic tool, educators can gain a detailed understanding of
students’ mathematical competencies and misconceptions. This approach not only enables more targeted
and effective teaching strategies tailored to the diverse needs of elementary students but also bridges
existing gaps in educational research (Brilatin & Wibowo, 2024; Viantorus et al., 2024). Consequently,
it contributes to enhancing the overall quality of mathematics education at the primary school level,
fostering stronger foundational skills that support long-term academic success.

Conclusion

Multi-tier diagnostic tests have emerged as essential tools in education for identifying and
addressing student misconceptions. These tests, ranging from two-level to five-level formats, provide
nuanced insights into student understanding, enabling educators to adapt teaching strategies effectively.
The findings of this study highlight significant research activity in disciplines such as physics,
chemistry, and mathematics, with Indonesia playing a leading role in advancing these diagnostic tools.
However, a critical gap persists in the application of multi-tier diagnostic tests for mathematics learning
for primary school, particularly in foundational concepts. Addressing this gap, future research should
prioritize the development of diagnostic tools tailored to early mathematical concepts such as number
sense, operations, and geometry. These tools will empower educators to detect misconceptions early and
deliver targeted interventions, enhancing the overall quality of mathematics education in primary
schools.
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