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ARTICLE INFO ABSTRACT

Keywords: Purpose - This study aims to develop and test the reliability of the Level 2
Numeracy Numeracy AKM instrument presented through an online quiz platform.
Assessment The development of this instrument aims to address the need for a practical,

Online Quizizz
Instrument development
Elementary students

easily accessible digital assessment tool that can enhance student
engagement, particularly in efforts to strengthen the numeracy skills of
elementary school students in Indonesia.

Methodology - This study employs a Research and Development (R&D)
approach, adapting the ADDIE model and Retnawati's instrument
development framework (analysis, design, development, user trials, and
evaluation). The instrument, comprising 20 items, was designed to cover
key numeracy indicators. Data were collected from 38 fourth-grade
students across four elementary schools and two expert validators. The
analysis included content validity assessment using Gregory's model,
media feasibility analysis, reliability testing with McDonald’s Omega, and
a descriptive analysis of student performance and feedback.

Findings - The research confirmed the high quality of the developed
instrument. The developed instrument demonstrates very high content
validity, as indicated by a Cronbach's alpha coefficient of 1.00 and an
average validator rating of 3.45 on a scale of 4. Its reliability level is also
strong, as evidenced by a McDonald's Omega value of 0.81, reflecting good
internal consistency. Student responses were also very positive. The
practicality score indicating that the instrument is considered engaging,
easy to use, and convenient to access. In the field trial, students were able
to solve fundamental problems. However, most still had difficulties when
dealing with more complex material, especially fraction comparisons and
algebraic concepts.

Contribution -Overall, this study makes an important contribution in the
form of a practical and validated model for developing digital-based
numeracy assessment instruments that align with national AKM standards
and international evaluation frameworks, such as PISA.
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INTRODUCTION

A fundamental shift toward competency-based learning and digital integration marks the global
landscape of 21st-century education. This instrument provides teachers with an effective means of identifying
gaps in students' numeracy skills, allowing learning to be focused and tailored to the principles of age-
appropriate learning development. This research also offers an instrument development model that can be
applied more broadly to produce modern assessment tools that not only meet psychometric standards but
also provide an enjoyable and motivating digital learning experience. Overall, this study makes an important
contribution in the form of a practical and validated model for developing digital-based numeracy assessment
instruments that align with national AKM standards and international evaluation frameworks, such as PISA.

In this context, Indonesia continues to face various challenges in mathematics education. The results of
PISA (OECD, 2023) and TIMSS (Hadi & Novaliyosi, 2019) indicate that many students have not reached an
adequate level of numeracy proficiency. In fact, 82% of students in PISA 2022 did not achieve Level 2 in
mathematics, which indicates difficulties in applying basic concepts to context-based problems. This situation
reflects long-standing pedagogical issues in classrooms, where teaching has focused more on procedural skills
rather than conceptual understanding or problem-solving abilities (Perdana & Suswandari, 2021; Maulidia et
al., 2023).

Theoretically, this study is grounded in Self-Determination Theory (SDT) (Deci & Ryan, 2000) and the
Technology Acceptance Model (TAM) (Davis, 1989), which together explain how student motivation and
acceptance are formed in the context of digital assessments incorporating gamification elements. SDT
emphasizes that learning engagement increases when students feel autonomy, can demonstrate competence,
and feel connected to their learning environment—all aspects that can be supported through gamification
features such as instant feedback, progress tracking, and reward systems. Meanwhile, TAM states that
students' perceptions of the usefulness and ease of use of a platform greatly influence their willingness to
utilize it in learning. By integrating these two approaches, the Quizizz-based formative assessment in this
study was designed not only to measure numeracy competence but also to increase student motivation and
engagement through an interactive and enjoyable digital experience. In response, the Ministry of Education,
Culture, Research, and Technology of Indonesia introduced the National Assessment (Asesmen Nasional/AN)
framework, which includes the Minimum Competency Assessment (Asesmen Kompetensi Minimum/AKM) as a
diagnostic tool for evaluating literacy and numeracy. Class-level AKM, as an adaptation at the educational
unit level, was developed to help teachers map student learning gaps and implement differentiated learning
according to the teaching at the Right Level (TaRL) approach (Asrijanty, 2021; Pusmenjar, 2020). However,
despite this reform being progressive, various challenges in its implementation are still encountered. Many
schools still rely heavily on rote learning practices reminiscent of the former National Examination (UN), and
digital readiness across regions remains uneven (Amanda & Nurjannah, 2022). In Soppeng Regency, South
Sulawesi, for example, initial findings indicate that students tend to answer AKM-type questions mechanically
without truly understanding them. At the same time, teachers are still constrained by limited digital
infrastructure.

These issues illustrate a gap between national policy aspirations and classroom realities. To date, no
digital numeracy assessment model integrating gamification and formative approaches has been
systematically developed for the Indonesian elementary context. However, the combination of these two
elements holds potential to increase motivation, engagement, and the authenticity of assessment in capturing
students' numeracy skills. Hence, the development of a technology-based assessment model suited to
Indonesian primary schools is urgently needed.

To address this gap, the present study aims to design, develop, and validate a Level 2 Numeracy AKM
instrument based on the Quizizz platform for fourth-grade students. Internationally, Quizizz has been shown
to enhance student engagement, motivation, and cognitive abilities through its interactive displays and
immediate feedback (Zhao, 2019; Li et al., 2023). The instrument developed in this study is expected to be a
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valid, reliable, and practical tool for teachers to assess numeracy skills, close learning gaps, and encourage
student engagement in mathematical problem solving. Thus, this study strengthens digital formative
assessment practices in line with national AKM policies while enriching the global discourse on technology-
assisted competency-based learning.

METHODOLOGY
Research Design

This study applied the ADDIE Model as the main framework, with Retnawati's (2016) procedure
integrated into the development and evaluation stages to ensure psychometric accuracy. In the Analysis stage,
AKM numeracy indicators and content domains were determined based on the national assessment
framework. The Design phase then produced a test blueprint and item specifications. In the Development
stage, draft items were compiled and validated by experts in accordance with Retnawati's guidelines to ensure
content validity. Next, the Implementation stage was carried out through instrument testing using the Quizizz
platform on elementary school students.

Finally, the Evaluation stage consisted of item analysis, including the difficulty index, discrimination
index, and reliability, following Retnawati’s criteria. The integration of the ADDIE model and Retnawati’s
framework ensured that the instrument development process was both pedagogically systematic and
psychometrically robust.

Participant

The content validation in this study involved two expert validators, namely a mathematics education
lecturer and an experienced elementary school teacher. Although the number of validators was limited, it was
considered sufficient because both experts had strong academic qualifications and professional experience
directly relevant to AKM numeracy constructs and technology-based assessment development. The validation
process is conducted systematically using structured assessment sheets with measurable indicators to
minimize subjectivity. Bias is minimized through discussion and revision of items based on the agreement of
the validators. Retnawati (2016) explains that at least two competent experts can carry out content validation,
and Sugiyono (2019) emphasizes that the quality and relevance of the validators' expertise are more important
than their number. Therefore, the involvement of two validators is considered sufficient to ensure the
suitability of the instrument content. The second group consisted of the subjects in the field trial: 38 fourth-
grade students from four public elementary schools located in the Citta District, Soppeng Regency.

Table 1. Distribution of the Schools

No School Name Number of Students (n)
1 SD Negeri 259 Tanacellae 8
2 SD Negeri 93 Tanete 12
3 SD Negeri 99 Labae 12
4 SD Negeri 269 Allangkiangeng 6
Total 38

The data collection process was executed in two distinct phases to gather both theoretical and empirical
evidence. The first phase involved expert validation. The complete instrument package, including the test
blueprint, all 20 items, and scoring rubrics, was submitted to the two expert validators. They conducted a
thorough review and provided both quantitative ratings and qualitative written feedback on the content and
media implementation.

The second phase was the empirical field trial, conducted in May 2025. The 38 student participants were
guided to access the AKM test on the Quizizz platform using school computers or available devices. They
completed the assessment independently under standard classroom conditions. Immediately upon finishing
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the test, they were asked to complete the student response questionnaire to capture their immediate
perceptions and experiences with the digital assessment tool.

Instrument

The central instrument of this research was the newly developed Level 2 Numeracy AKM test, delivered
through the Quizizz online platform. The test consisted of 20 items carefully crafted to measure a spectrum of
competencies across the four official numeracy domains: Bilangan (Numbers), Geometri dan Pengukuran
(Geometry and Measurement), Aljabar (Algebra), and Data dan Ketidakpastian (Data and Uncertainty). To
mirror the complexity and format of the actual AKM, the test incorporated five different question types:
standard multiple-choice (7 items), complex multiple-choice where students could select more than one correct
answer (5 items), matching (3 items), short-answer (3 items), and open-ended essay/explanation (2 items). A
suite of supporting instruments was utilized to collect validation and feedback data:

Content and Media Validation Sheet

This instrument is a structured assessment rubric given to expert validators. They use a 4-point scale to
assess the validity of each item's content, including its suitability to the competency, the accuracy of the
construct in measuring the targeted skill, and the clarity of language use. Additionally, a special section is
provided for evaluating media aspects, including interface quality, interactivity level, and technical
performance of the instrument when used on the Quizizz platform.

Student Response Questionnaire

This questionnaire consists of 10 items that students complete after the field trial. Using a 4-point Likert
scale (1 = Strongly Disagree to 4 = Strongly Agree), this questionnaire is designed to assess the practicality of
the instrument from the user's point of view, covering the clarity of the questions, the level of difficulty, the
level of engagement, and their experience while using the Quizizz-based instrument.

Data Analysis
Content Validity

In addition to reporting the coefficients, this study also interprets the strength of validity and reliability.
Following Guilford’s (1956) guideline, commonly applied in educational research (see also Retnawati, 2016),
validity coefficients ranging from 0.80-1.00 are categorized as very strong, 0.60-0.79 as strong, 0.40-0.59 as
moderate, 0.20-0.39 as weak, and 0.00-0.19 as very weak. Accordingly, items with validity indices of > 0.40
are considered adequate for use, whereas items below 0.20 are usually revised or discarded. A similar principle
applies to reliability, where a higher Cronbach's Alpha value (closer to 1.00) indicates stronger internal
consistency, and a reliability value of 0.70 or higher is generally regarded as acceptable.

In this study, the coefficients obtained were not only presented numerically but also interpreted in terms
of their categories. According to Guilford (1956) and Retnawati (2016), coefficients between 0.80-1.00 are
categorized as very strong, 0.60-0.79 as strong, 0.40-0.59 as moderate, 0.20-0.39 as weak, and 0.00-0.19 as very
weak. Referring to these criteria, items with a validity coefficient > 0.40 are considered suitable for use, while
values below 0.20 are usually revised or eliminated. A similar principle applies to reliability, where the closer
the number is to 1.00, the better the internal consistency. In educational research, a reliability coefficient of 0.70
or higher is typically considered to meet the minimum standard for reliability.

Media Feasibility

The scores from the media validation sheet were aggregated and converted into a percentage to provide
an overall feasibility score, which was then interpreted against a standardized rubric (e.g., <53% = Not
Feasible, >85% = Very Feasible).

Reliability
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The internal consistency of the 20-item test was determined by calculating the McDonald's Omega
(omega) coefficient. This advanced statistical measure was selected over Cronbach's Alpha because it provides
a more accurate estimate of reliability for tests containing a mix of dichotomous and polytomous items. An
omega value above 0.80 is indicative of high reliability.

Student Performance and Practicality

The raw scores from the AKM test were analyzed descriptively to compute the mean score for each item
and for each of the four numeracy domains. This enabled the creation of a detailed profile of the student's
strengths and weaknesses. Concurrently, the data from the student response questionnaire was analyzed to
calculate the mean score for each statement, providing a quantitative measure of the instrument's practicality
and user-friendliness.

FINDINGS

The developed Level 2 Numeracy Minimum Competency Assessment (AKM) instrument demonstrated

strong psychometric and practical quality.
Validity and Reliability of the Instrument

Expert validation using the Gregory model produced a maximum coefficient (1.00), indicating complete
agreement among validators regarding the relevance and clarity of all 20 items. The average assessment score
of 3.45, which falls into the highly valid category, further confirms that the items developed are in line with
the AKM numeracy indicators and the established learning objectives. This high validity reflects that the
instrument successfully operationalizes the intended constructs —numerical reasoning, geometry, algebraic
thinking, and data interpretation —without content bias.

The internal consistency analysis using McDonald's Omega yielded a coefficient of 0.81, exceeding the
0.80 standard. This result indicates strong internal consistency and reliability in measuring numeracy
competencies across items with mixed formats.

Student Competency Profile and Interpretation.

The average student numeracy score was 75.39, showing adequate performance. Students demonstrated
strengths in understanding whole numbers, performing basic operations, and interpreting simple data.
However, consistent weaknesses were apparent in the ability to compare fractions, recognize algebraic
patterns, and visualize three-dimensional shapes. Further analysis showed that these obstacles were not only
related to numerical ability but also to cognitive aspects and contextual understanding. Many students still
rely on memorizing procedures rather than conceptual reasoning, which limits their ability to apply thinking
strategies when encountering contexts that differ from what they are accustomed to. Additionally, in some
items, the complexity of the language —for example, multi-step or comparison-based instructions —is believed
to have impacted students' understanding. Additionally, cultural and contextual unfamiliarity —such as tasks
involving less familiar everyday situations —may have contributed to reduced accuracy in problem-solving.

These findings underscore the importance of teachers integrating explicit instruction in problem
representation, language scaffolding, and contextualized learning experiences. The instrument thus serves not
only as an assessment tool but also as a diagnostic guide for designing targeted interventions that strengthen
students' reasoning and comprehension skills.

Practicality and Student Reception

From a pedagogical perspective, the findings of this study emphasize the importance of using explicit
teaching strategies —such as comparing fractions with visual models —as well as simplifying the language in
story problems and utilizing interactive media to bridge abstract reasoning to concrete reasoning. Thus, this
instrument not only describes students' current abilities but also helps identify learning focuses that can be
used as a reference for teachers in designing more targeted interventions.

1665 | Jurnal Eduscience Vol. 12, No.6 (2025)



Overall, the developed instrument proved to be valid, reliable, practical, and has substantial diagnostic

value, providing teachers with an effective formative assessment tool to map learning gaps and support

evidence-based teaching practices.

The results of the student questionnaire also showed positive responses, confirming the practicality and

high level of engagement in using this instrument. The overall average score reached 3.54 out of 4, with the

visual aspects and student enjoyment receiving the highest scores (3.8). Meanwhile, statements regarding the

level of difficulty received the lowest score (3.0). Still, they fell within the "agree" category, indicating that the

level of challenge was appropriate for the majority of students.

Table 2: Details of Expert Validation Scores for Each Question Item

No. Domain Competency Validator 1 Validator 2 Average  Category
1 Numbers Knowing the position of 3 3 3.00 Valid
fractions on a number line
2 Numbers Knowing the position of 3 3 3.00 Valid
fractions on a number line
3 Numbers Understanding whole 4 4 4.00 Very Valid
numbers
4 Numbers Comparing fractions and 4 4 4.00 Very Valid
whole numbers
5 Numbers Operations with whole 4 4 4.00 Very Valid
numbers
6 Numbers Understanding mixed 4 4 4.00 Very Valid
fractions
7 Numbers Understanding whole 4 4 4.00 Very Valid
numbers
8 Geometry  Characteristics of 2D shapes 4 4 4.00 Very Valid
9 Geometry  Characteristics of 3D shapes 3 3 3.00 Valid
10 Geometry  Standard units 3 3 3.00 Valid
11 Geometry  Using directions/maps 3 3 3.00 Valid
12 Algebra Solving simple equations 3 3 3.00 Valid
13 Algebra Number patterns 3 3 3.00 Valid
14 Algebra Number patterns 4 4 4.00 Very Valid
15 Data & Determining more likely 4 4 4.00 Very Valid
Uncertainty  events
16 Data & Determining more likely 4 4 4.00 Very Valid
Uncertainty  events
17 Data & Simple data presentation 3 3 3.00 Valid
Uncertainty
18 Data & Simple data presentation 3 3 3.00 Valid
Uncertainty
19 Data & Simple data presentation 3 3 3.00 Valid
Uncertainty
20 Data & Simple data presentation 3 3 3.00 Valid
Uncertainty

The students’ responses to the use of the Quizizz-based numeracy assessment instrument showed a very

positive reaction across almost all evaluation aspects. The overall average score ranged from 3.0 to 3.8,

indicating that all indicators fell within the “agree” to “strongly agree” categories.
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In general, students found the content and language of the questions easy to understand (average score
3.6), indicating that the wording and instructions in the test were suitable for the language development level
of elementary school students. The readability and clarity of the question context became one of the key factors
contributing to the instrument's success. Furthermore, the statement regarding the ease of understanding the
wording of the questions (score 3.6) reinforced the finding that the use of communicative and straightforward
language helped students avoid mistakes caused by ambiguous sentences.

In terms of visual presentation, students gave the quiz's appearance and design an excellent rating, with
a score of 3.8, emphasizing that the gamification elements and attractive visuals on the Quizizz platform
played a significant role in increasing learning engagement. Students also reported feeling happy and
motivated while taking the quiz (score 3.8 for enjoyment and 3.6 for motivation to learn mathematics). This
illustrates that integrating game-like features —such as instant scoring, leaderboards, and appealing colors —
can transform students' perception of assessment from a tense activity into an enjoyable and stimulating
experience.

From a technical perspective, indicators related to ease of access and use of quizzes received a score of
3.6, while application stability without technical disruptions scored 3.5. These findings suggest that the
majority of students can effectively utilize the platform, although a small number may still encounter
challenges, such as connection issues or device limitations.

Interestingly, the lowest score (3.0) appeared for the statement, "The questions are not too hard and not
too easy, just right for me." Although still within the "agree" category, this indicates that some students
perceived a level of variation in the challenge. Therefore, the instrument can be considered to have a moderate
difficulty level, which is ideal for diagnostic assessments as it helps differentiate between varying levels of
student ability.

Overall, the interpretation of Table 2 confirms that the Quizizz-based Numeracy Assessment instrument
is efficient, engaging, and easy to use for elementary school students. The combination of communicative
language, interactive visuals, and questions relevant to the learning context makes this assessment not only a
tool for measuring student achievement but also a learning tool that encourages them to think critically,
become more involved, and actively build understanding in the mathematics learning process.

Table 3: Details of the Students' Average Response Scores

No. Statement Average Category

1  Ican easily understand the questions in this quiz. 3.6 Strongly Agree

2 The words in the questions are easy to understand and not 3.6 Strongly Agree
confusing.

3 The images or tables in the questions help me understand better. 3.3 Agree

4  The questions are neither too hard nor too easy. Just right for me! 3.0 Agree

5 Iwas motivated to try to answer all the questions in this quiz. 3.6 Strongly Agree

6  The quiz display is visually appealing and well-designed. 3.8 Strongly Agree

7 Icould easily open and run this quiz. 3.6 Strongly Agree

8  The quiz ran smoothly, without frequent lags or errors. 3.5 Strongly Agree

9  Ifelt happy while doing this quiz. 3.8 Strongly Agree

10 I am more motivated to learn mathematics through this online 3.6 Strongly Agree
quiz.

Table 3 shows that students gave very positive responses toward the Quizizz-based numeracy
assessment, with average scores ranging from 3.0 to 3.8 (categories “Agree” to “Agree Strongly”). Most
students found the questions straightforward and easy to understand (3.6), supported by helpful visuals (3.3).
The quiz's appearance and design received the highest score (3.8), indicating strong engagement and
enjoyment during the activity. The difficulty level (3.0) was considered appropriate, showing that the items
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were well-balanced for diagnostic use. Technically, students found the quiz easy to access (3.6) and smooth to
operate (3.5). Overall, these results confirm that the instrument is practical, user-friendly, and motivating,
effectively combining assessment and learning in an engaging digital format.

Student Numeracy Profile

Field trials provide a reasonably comprehensive picture of the numeracy skills of fourth-grade students.
The overall average score of 75.39 indicates adequate general competence. However, analysis based on
domains and specific competencies provides a more detailed understanding of students' strengths and
variations in performance.

Areas of Strength

Students appear to excel in basic and procedural skills. The best performance was observed in the
Numbers domain, particularly in understanding integers (average score of 86.84) and completing multi-digit
number operations (average score of 84.21). In the Geometry and Measurement domain, students also
demonstrated strong abilities in identifying the characteristics of 2D shapes (average 84.21). They were also
proficient in extracting information from simple infographics within the Data dan Ketidakpastian (Data)
domain.

Areas for Improvement

The assessment clearly identified that students struggled with tasks requiring higher-order thinking and
the application of concepts in non-routine contexts. The most significant challenges arise in the Numbers
domain, particularly when students are asked to compare fractions (60.53), and in the Algebra domain when
identifying visual number patterns (63.16). Other difficulties were observed in Geometry and Measurement,
specifically in interpreting 3D shapes from 2D nets (65.79%) and calculating the surface area of 3D objects
(68.42%). These findings suggest that, although students are pretty strong in routine calculations, they still
encounter challenges in applying concepts to non-standard situations that require conceptual reasoning and
a deeper understanding.

Table 4: Details of Students' AKM Performance Based on Domain and Competency

Item Question Summary Domain Competency Score Category

1  Determining the Numbers Knowing the position 78.95 Good
heaviest chili paste of fractions on a
ingredient number line

2 Calculating the average Numbers Knowing the position 76.32 Good
speed of a motorcycle of fractions on a

number line

3  Matching numbers of Numbers Understanding whole 86.84 Very Good
equal value numbers

4 Determining the correct Numbers Comparing two 60.53 Fair
statement about fractions

watermelon division
5  Determining the correct Numbers Operations with whole 84.21 Very Good
statement about soccer numbers

tournament results

6  Identifying the picture Numbers Understanding 71.05 Good
showing the siblings' fractions and mixed
share of chocolate fractions

7 Calculating the result of Numbers Understanding whole 71.05 Good
53,323 - 687 - 8,897 numbers
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Item Question Summary Domain Competency Score Category

8  Determining the correct =~ Geometry and Identifying 84.21 Very Good
statement about a Measurement characteristics of 2D
school sketch shapes

9  Identifying a 3D shape Geometry and Identifying 65.79 Fair
from its net Measurement characteristics of 3D

shapes

10  Calculating the area of Geometry and  Recognizing standard 68.42 Fair
aquarium parts Measurement units

11  Calculating distance on ~ Geometry and  Using directions/maps 81.58 Very Good
a map Measurement

12 Calculating the number Algebra Solving simple 78.95 Good
of seats in a stadium equations
tribune

13 Determining the Algebra Recognizing simple 63.16 Fair
bracelet sequence that number patterns
fits the pattern

14  Calculating the number Algebra Recognizing simple 81.58 Very Good
of laundry fragrance number patterns
bottles

15  Determining the Data and Determining more 71.05 Good
probability of colored Uncertainty likely events
squares on a game
board

16  Calculating the Data and Determining more 73.68 Good
expected frequency of Uncertainty likely events
drawing a green ball

17 Determining the correct Data and Understanding simple 76.32 Good
statement from a Uncertainty data presentation
tourism infographic

18  Calculating the number Data and Understanding simple 84.21 Very Good
of tourists from Uncertainty data presentation
Malaysia

19  Determining the correct Data and Understanding simple 71.05 Good
bar chart from an Uncertainty data presentation
infographic

20  Determining if tourist Data and Understanding simple 78.95 Good
visits increased or Uncertainty data presentation
decreased

DISCUSSION

The high validity and reliability achieved by the Quizizz-based formative assessment tool demonstrate

that this instrument possesses strong psychometric reliability and theoretical suitability in relation to the

broader concept of numeracy. In line with AKM and international frameworks, such as PISA (OECD, 2019),

numeracy encompasses not only computational skills but also reasoning, problem-solving, and

representation. The instrument developed in this study successfully captures these multidimensional aspects,

making it consistent with national and global standards. However, good statistical validity and reliability do
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not guarantee comprehensive coverage of the construct, as some elements, such as contextual reasoning and
linguistic interpretation, may not be optimally represented yet.

The results show that although students have mastered basic procedures well, they still experience
difficulties in higher-order reasoning, especially in fractions, algebraic patterns, and three-dimensional
visualization. These findings align with previous studies that reveal Indonesian students tend to rely on
procedural memorization rather than conceptual reasoning when faced with non-routine problems (Perdana
& Suswandari, 2021; Maulidia et al., 2023), and that factors such as language complexity and unfamiliar
contexts also impede understanding. Furthermore, the results of this study are consistent with international
evidence on the effectiveness of gamification-based assessment, which suggests that gamification can increase
student motivation and engagement, although its benefits are highly dependent on the appropriate
pedagogical integration (Li et al., 2023; Diaz, 2024). Similarly, digital formative assessment research highlights
the importance of real-time feedback and learning analytics in facilitating adaptive instruction (Zhang et al.,
2023; Banihashem et al., 2022). Positioned within this body of literature, the present study offers novel insight
by integrating formative assessment principles with gamification within the AKM numeracy framework for
Indonesian elementary schools—an area still underexplored in existing research (Istiglal et al., 2024; Safitri,
2024a, 2024b; Safitri et al., 2024, 2025; Safitri & Ansyari, 2024).

From a pedagogical perspective, the developed instrument can function as both an assessment and
diagnostic tool. It helps teachers identify specific misconceptions —such as fraction comparison or recognizing
algebraic patterns—and provides immediate feedback that supports differentiated instruction. Thus, the
instrument bridges the gap between policy-level expectations and classroom realities, enabling the practical
implementation of competency-based learning through engaging digital platforms.

CONCLUSION

This study makes an important contribution to the development of digital formative assessment by
demonstrating that Quizizz-based tools can be effectively designed, developed, and validated to measure
AKM numeracy competencies at the elementary school level. In addition to establishing strong psychometric
characteristics, these findings confirm that gamified digital assessments are not only appealing to students but
also serve as a formative strategy that aligns with national policies (AKM) and global frameworks such as
PISA, which emphasize problem-solving and higher-order thinking. This integration underscores the practical
relevance of gamification platforms in supporting competency-based assessment, particularly in developing
countries.

However, this study has several limitations that need to be considered. The relatively small sample size
and limitation to four schools in one district may limit the generalizability of the findings. Although content
validation involving only two expert validators is adequate for the initial stage, it has the potential to introduce
subjectivity. Additionally, the instrument only covers some of the numeracy indicators, thus not fully
representing the multidimensional nature of numeracy as defined in the international framework.
Recognizing these limitations helps to ensure that the interpretation of the results remains proportionate.
Future research needs to expand the scope of the pilot to a larger and more diverse population, involve more
expert validators, and consider applying a more adaptive item difficulty model to capture student ability
variation more accurately. The next direction of development could also explore integrating this gamified
assessment into national-scale assessments or linking it to international standards such as PISA, thereby
increasing the resilience, scalability, and global relevance of game-based formative assessment tools to support
numeracy learning.

This study contributes to the development of educational assessment by providing a valid, reliable, and
user-friendly digital instrument to help teachers identify learning gaps and design learning experiences that
meet students' needs. In addition to its psychometric strengths, this instrument represents a pedagogical
innovation that bridges national assessment policies with classroom practices, demonstrating that
gamification-based formative assessment can enhance student motivation and understanding of mathematics.
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