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 In response to students’ persistent difficulties in understanding integer 
operations and the limited use of engaging digital game–based media 
in mathematics classrooms, this study aims to develop “Quick Count 
Math,” an educational game–based instructional medium on the topic 
of integers for seventh-grade junior high school students. The study 
employed a Research and Development (R&D) design using the Four-
D model, which consists of the define, design, develop, and 
disseminate stages. The game is designed to support learning of integer 
operations (addition, subtraction, multiplication, and division) through 
interactive challenges, gradually increasing levels of difficulty, 
immediate feedback, and appealing visuals. The results indicate that 
“Quick Count Math” meets the criteria of validity, practicality, and 
effectiveness. Expert review yielded validity scores of 85% for media 
aspects and 100% for content aspects, both categorized as very high. 
In addition, the game was reported to be easy to use by students and 
was effective in improving their understanding and learning outcomes 
on the integer topic, with an effectiveness score of 86%. These findings 
suggest that “Quick Count Math” can serve as an engaging and 
effective alternative digital medium for teaching mathematics in 
seventh-grade junior high school classes. 
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Introduction 

The development of digital technology in the era of the Fourth Industrial Revolution has 
transformed the way people work, communicate, and learn. This revolution is characterized by 
the integration of the internet, cloud computing, artificial intelligence, and the Internet of Things 
across various sectors of life (Borba, 2009; Engelbrecht et al., 2020). The education sector 
cannot be separated from these changes, since schools are required to prepare students who are 
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technologically literate and adaptive to change (Hsieh et al., 2025; Rocha, 2020). Curriculum 
policies in Indonesia encourage the strengthening of STEAM-based learning that integrates 
science, technology, engineering, the arts, and mathematics (Pepin, 2021). This integration 
demands the use of more interactive, digital, and contextual media and learning resources in 
the classroom. Without innovation in the use of technology, instruction tends to remain lecture-
based and struggles to meet twenty-first-century competence requirements. 

Mathematics is one of the key subjects within the STEAM framework, yet students often 
perceive it as difficult and uninteresting (Lee et al., 2019; Marufi et al., 2021; Stohlmann, 2019). 
Various studies and school reports indicate that many students still struggle to understand basic 
concepts, particularly those related to integers (Whitacre et al., 2017). These difficulties affect 
learning motivation, contribute to mathematics anxiety, and lead to learning outcomes that do 
not meet curriculum targets (Bofferding, 2014). When instruction relies only on abstract 
explanations and routine textbook exercises, students tend to memorize procedures without 
understanding their meaning (S. Kumar et al., 2017). This situation is not aligned with the 
demand to develop critical thinking, creativity, and problem-solving skills that are central to 
twenty-first-century education. Therefore, teachers need to be supported with learning media 
that can make mathematics content, especially integers, more meaningful, engaging, and 
accessible to students. 

Instructional media play an important role as an intermediary between abstract content 
and the concrete learning experiences that students undergo (Alqahtani & Powell, 2017). 
Experts state that instructional media include all forms of tools, technologies, or resources that 
help teachers present material in a more comprehensible way (Lee et al., 2019; Swidan, 2020; 
Taher et al., 2019). Well-designed media can foster learning interest, help visualize concepts, 
and clarify relationships among ideas (Borji et al., 2020). Media can also improve teachers’ 
performance quality because they enable varied delivery strategies and reduce the dominance 
of one-way lecturing. In addition, appropriate media can facilitate communication between 
teachers and students, especially when the content is symbolic and complex, such as integer 
operations. Thus, selecting and developing instructional media is not merely an add-on, but a 
strategic component in designing effective mathematics instruction. 

One form of instructional media that has developed rapidly is the educational game. 
Educational games combine elements of entertainment and learning so that students can learn 
while playing in a structured environment (Kärki et al., 2022; Nisa & Susanto, 2022). Research 
indicates that games designed with pedagogical goals can enhance students’ attention, retention, 
and engagement with the content. Animation, challenges, and feedback in games help students 
remember material longer than with conventional, one-way teaching methods. Educational 
games also provide space for students to practice, make mistakes, and refine their strategies 
without feeling threatened by direct teacher evaluation. Given these characteristics, educational 
games have strong potential to be used as a means to strengthen understanding of mathematical 
concepts and to train thinking skills. 

Several previous studies have developed educational games for mathematics learning and 
reported promising results. Nisa & Susanto (2022), for example, developed an educational 
game on geometric transformations and found that the resulting product met the criteria of 
validity, practicality, and effectiveness, making it feasible to use as a learning multimedia. 
Kärki et al. (2022) reported that the educational game she developed achieved an 85 percent 
success rate in use and was recommended as an alternative learning tool. Angeliki Kolovou et 
al. (2013) developed an educational game on integers and obtained very good ratings from 
content, media, and entrepreneurship experts, along with a high level of practicality in use. 
Overall, these findings indicate that educational games can help teachers present mathematics 
content in a more engaging and interactive way. However, upon closer examination, the main 
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focus of some of these games remains on achieving scores, completing levels, or determining 
final answers, rather than on making students’ thinking processes visible and strengthening 
concepts in depth. 

Further analysis of the designs of previous games reveals several important limitations. 
In one game, the character functions only as an indicator of successful level completion and 
does not directly contribute to understanding the mathematical concepts being learned. In 
another game, students who do not yet understand the concepts must rely on learning 
recommendations that appear after play, so concepts tend to be received passively rather than 
discovered independently. There is also a game that emphasizes only the determination of 
positive or negative answers without highlighting the calculation process and reasoning behind 
those answers (Bishop et al., 2014; Bofferding, 2014; Whitacre et al., 2017). These limitations 
indicate that there is still room to develop educational games that place stronger emphasis on 
concept discovery, mathematical representation, and formal reasoning. Such games are 
expected not only to entertain, but also to facilitate students in building durable conceptual 
understanding through exploratory and reflective activities. 

Observations and interviews conducted by the researcher at a junior high school revealed 
that many students still have weak understanding of basic integer concepts. A total of 67.5 
percent of students did not reach the Minimum Mastery Criterion on this topic, indicating a 
serious problem in the learning process. The mathematics teacher reported that during the 
Covid-19 pandemic, students became more accustomed to using mobile phones and accessing 
the internet, but this increased use of technology was not always accompanied by stronger 
conceptual understanding. Most learning activities were still dominated by routine tasks and 
written exercises, while interactive digital media were rarely used. The teacher also noted the 
absence of interactive learning media, such as educational games relevant to integer operations, 
that could attract students’ interest to practice independently. These findings underline the need 
to develop interactive learning media that not only leverage students’ interest in technology, 
but are also specifically designed to strengthen understanding of integer concepts. 

Based on this rationale, the present study aims to develop mathematics learning media 
based on the Quick Count Math educational game on the topic of integers, particularly integer 
operations. Quick Count Math is designed as a single-player game so that students can focus 
on exploring and strengthening their own concepts without the pressure of direct competition. 
In this game, characters and visual objects serve not merely as ornaments, but as symbols and 
tools to represent integer operations. Players are guided to discover and understand concepts 
through gameplay instructions and repeated practice, making the process of obtaining answers 
more transparent. The game also provides opportunities for students to express algebraic forms 
that produce given numbers, so that their computational skills and mathematical thinking can 
be observed from the steps they take. The development of Quick Count Math uses the object-
based software Construct 2, which facilitates the design of interactions and visuals within the 
game. The expected implication is the availability of an ICT-based alternative learning medium 
that can help teachers develop students’ competencies on integer topics and improve the quality 
of mathematics instruction at the junior high school level. 

Method 

Type of Research 
 

This study was conducted at SMP Negeri 3 Tondano, Indonesia. The research focused on 
the development and implementation of a mathematics learning medium based on the “Quick 
Count Math” educational game for the topic of integers. The development process and initial 
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trials were carried out within the regular mathematics teaching context at the school. The 
dissemination stage of the product was implemented in Grade VII classes at SMP Negeri 3 
Tondano, where the game was used as an instructional medium during lessons on integer 
operations. The school setting represents a typical Indonesian junior high school with students 
who have diverse levels of mathematical ability and access to digital devices. 

Participants 

The participants in this study were students of SMP Negeri 3 Tondano. The main trial 
subjects were Grade VIII students, who used the Quick Count Math game as part of their 
mathematics learning activities on integer material. The game was designed as a single-player 
learning medium to help students understand integer operations. In addition to students, two 
experts were involved in the validation process. One media expert evaluated the design, layout, 
and technical quality of the game, while one subject-matter expert evaluated the accuracy and 
suitability of the mathematical content. The mathematics teacher at SMP Negeri 3 Tondano 
also participated in interviews to provide contextual information about the current learning 
process and the media used in the classroom. 

Instruments and Procedures 

Several instruments were used to collect data in this study. An interview guide was used 
in a semi-structured interview with a mathematics teacher to obtain information about the 
learning process and the types of media commonly used at SMP Negeri 3 Tondano. Validation 
sheets were given to a media expert and a subject-matter expert to assess the validity of the 
Quick Count Math learning media, covering criteria related to content accuracy, presentation, 
language, and technical aspects of the game. Student response questionnaires were used to 
measure the practicality of the learning media; they used a 5-point Likert scale and were 
administered after students used the game. The media were considered practical if students 
reported that they were easy to use and helpful for learning. In addition, a learning achievement 
test was used to evaluate the effectiveness of the Quick Count Math game. The media were 
considered effective if at least 80% of the students achieved scores greater than or equal to the 
Minimum Mastery Criterion (KKM). 

Procedures 

This study employed a Research and Development (R&D) approach using the Four-D 
development model by Thiagarajan, Semmel, and Semmel, which consists of four stages: 
Define, Design, Develop, and Disseminate. In the Define stage, the researcher reviewed the 
curriculum and identified basic problems in learning integers, and conducted a subject analysis 
to identify the characteristics of the students involved in the trial. In the Design stage, the 
researcher selected an appropriate medium for presenting the learning material and determined 
the format of the Quick Count Math game, including content design and character selection; at 
this stage, the initial prototype of the game (Draft 1) was produced together with the research 
instruments, namely validation sheets, student response questionnaires, and learning 
achievement test items. In the Develop stage, the initial draft of the learning media was 
submitted to a media expert and a subject-matter expert for validation, and revisions based on 
their feedback resulted in Draft 2, which was then tried out with students as research subjects 
to collect data on practicality and effectiveness. In the Disseminate stage, the finalized version 
of the Quick Count Math game was implemented in Grade VII classes at SMP Negeri 3 
Tondano as an alternative learning medium for teaching integers. 
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Analysis 

Data analysis in this study used qualitative descriptive techniques and descriptive 
statistics. Qualitative descriptive analysis was used to describe the development process of the 
learning media and to summarize comments and suggestions from the experts and the teacher, 
while descriptive statistics were used to analyze numerical data obtained from validation sheets, 
student questionnaires, and achievement tests. The validity of the Quick Count Math media was 
assessed based on the scores given by one media expert and one subject-matter expert using the 
validation sheets, and these scores were converted into percentages to determine the validity 
category of the media. Practicality was evaluated through student response questionnaires using 
a 5-point scale, and the percentage of positive responses was calculated to determine whether 
the media were practical and easy to use from the students’ perspective. Effectiveness was 
examined using the results of the learning achievement test by computing the percentage of 
students who achieved scores at or above the Minimum Mastery Criterion (KKM = 70). The 
Quick Count Math game was considered effective if the percentage of students reaching the 
KKM met at least the “fairly effective” criterion, with a target of 80% of students achieving 
mastery. 

Results 

Define Phase 

At the initial stage, namely the Define phase, the first step in this research and 
development serves as a guideline and benchmark for designing the learning media. The 
analyses conducted include the following. 

Initial–Final Analysis 

Based on observations and preliminary data analysis in Grade VII at SMP Negeri 3 
Tondano, the average score of students’ daily tests on the topic of Integers was 62. Only 40% 
of students reached the Minimum Mastery Criterion (KKM), which was set at 70. During the 
learning process, students tended to be passive and showed low active participation. The teacher 
still relied on lectures and worksheets as the main learning media. This condition indicates the 
need for innovation in the learning process to improve students’ motivation and learning 
outcomes. With the development of the Quick Count Math educational game as mathematics 
learning media, the average score of students’ daily tests on the topic of Integers is expected to 
increase to at least 75. The percentage of students achieving mastery is expected to reach at 
least 80%. This learning media is also expected to increase students’ activeness and learning 
motivation, and to create a more enjoyable and interactive learning atmosphere. 

Subject Analysis 

Based on interviews with the mathematics teacher, the following points can be concluded: 
(1) Students still experience difficulties in performing integer operations; (2) Students remain 
dependent on one-way, teacher-centered instruction; and (3) Students are less interested and 
quickly become bored with classroom learning. Based on the initial–final analysis and the 
subject analysis, the researcher developed an educational game-based learning media with a 
practical and attractive interface that is easy to access using smartphones, so that students can 
learn and review material they have not yet understood. 
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The evaluation of the Define phase indicated that the curriculum analysis and the analysis 
of student characteristics at SMP Negeri 3 Tondano for Grade VII mathematics require renewal 
in the learning process. It is necessary to design an educational game-based learning media, 
Quick Count Math, on integer material to be used as a learning exercise for students that is 
engaging and aligned with the learning criteria applied at the school. Based on these findings, 
the researcher proceeded to the Design phase. 

Design Phase 

After completing the curriculum analysis and the analysis of student characteristics, the 
next step was the Design phase. At this stage, the learning media to be developed were designed 
based on the results of the previous analyses, resulting in a prototype of integer learning media 
for Grade VII under the Merdeka Curriculum.  

Development Phase 

Based on the instructional design that had been prepared, it was then implemented as a 
mathematics learning medium on the topic of integers packaged in the form of an educational 
game. The educational game consists of four levels, namely addition, subtraction, 
multiplication, and division. Each level contains four sub-levels. After completing the planning 
stage, the next stage is development. The development stages are as follows. 

Learning Media Validation 

Product validation was carried out to obtain input from experts, namely a subject-matter 
expert and a media expert. Suggestions and comments regarding weaknesses and shortcomings 
of the product from the expert validators were used as a basis for revising the educational game 
so that it is suitable for use. The validation stage was conducted from October to November 
2025. Validation was carried out by one media expert validator, who assessed the display 
aspects of the Quick Count Math educational game, and one subject-matter expert validator, 
who assessed the learning aspects, content, and evaluation items. The validation results from 
the media and material experts were then used as the basis for revising the learning media. 
Validation by media and material experts aimed to determine whether the media is suitable for 
use and to obtain suggestions for improvement. The results of the media and material expert 
validation are as follows. 

Media Expert Validation 

The media expert validation results show that the Quick Count Math educational game 
obtained an average score of 82 percent, which falls into the “very valid” category. The media 
expert’s assessment consists of five aspects. The integration aspect obtained an average of 80 
percent (valid category), the balance aspect 94 percent (very valid category), the font aspect 75 
percent (valid category), and the color aspect 80 percent (valid category). 

Table 1. Media Expert Validation Results 
No Aspect Average Category 
1 Integration 80% Valid 
2 Balance 94% Very valid 
3 Font 75% Valid 
4 Color 80% Valid  

Overall result 82% Very valid 
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Material Expert Validation 

Based on the validation results from the material expert, the overall average score was 
100 percent, which is in the “very valid” category. The material expert’s assessment consists of 
two aspects. The material suitability aspect obtained an average of 100 percent (very valid 
category), and the language suitability aspect also obtained an average of 100 percent (very 
valid category). 

Table 2. Material Expert Validation Results 
No Aspect Average Category 
1 Material suitability 100% Very valid 
2 Language suitability 100% Very valid  

Overall result 100% Very valid 

Design Revision 

After the product design was validated by the media expert and material expert, the 
researcher revised the product based on the suggestions and comments from the validators on 
the developed product. The suggestions and comments from the validator team are as follows. 

Table 3. Design Revisions 
Before Revision After Revision 
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Try-out 

The validated learning media was then tried out on students who became the research 
subjects. The try-out was conducted using the game that contains material and items that also 
function as a test given to students. The product was tried out on students of SMP Negeri 3 
Tondano, involving 8 students for the small-scale try-out and 26 students for the large-scale 
try-out. The purpose of the try-out was to determine whether the product is attractive enough 
to be used as one of the students’ learning resources by distributing questionnaires for the 
students to complete.  
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Table 4. Small-Scale Try-out Results 
No Aspect Analysis Small Group Try-out (Students 1–8) 

1 2 3 4 5 6 
1 Content quality ΣScore 18 17 16 15 17 16  

4.6 4.5 4.2 4.0 4.5 4.2 
Average 4.275 
Criteria Very interesting 

2 Display ΣScore 7 7 6 6 7 6  
4.5 4.5 4.0 4.0 4.5 4.0 

Average 4.41 
Criteria Very interesting 

3 Language ΣScore 8 7 6 6 7 6  
5.0 4.5 4.0 4.0 4.5 4.5 

Average 4.55 
Criteria Very interesting 

Based on Table 4, in the small-scale try-out, the content quality aspect obtained an 
average score of 4.275 with the criterion “very interesting”. The display aspect obtained an 
average score of 4.41 with the criterion “very interesting”. The language aspect obtained an 
average score of 4.55 with the criterion “very interesting”. The small-scale try-out of the 
developed educational game received good responses from students and met the “very 
interesting” criterion. This means that the learning media developed by the researcher is 
attractive for use as learning media on integer operations for students of SMP Negeri 3 
Tondano. The next step was a field try-out involving 28 students. The field try-out results show 
that the content quality aspect obtained an average score of 4.45 with the criterion “very 
interesting”. The display aspect obtained an average of 4.21 with the criterion “interesting”. 
The language aspect obtained an average of 4.46 with the criterion “very interesting”. 

Based on student responses in the small-scale try-out and the field try-out, the media 
received positive responses with criteria in the “very interesting” range. Therefore, the 
mathematics learning media based on the Quick Count Math educational game is suitable for 
use in classroom learning. To measure the effectiveness of the game, a learning test was 
administered to 26 students. Test data were obtained from students’ work on the evaluation 
items in the Quick Count Math educational game, and were categorized based on the Minimum 
Mastery Criterion (KKM). The KKM applied for grade VII students at SMP Negeri 3 Tondano 
is 70. The test results are presented in the following table. 

Table 5. Learning Mastery Results 
Description Number of students Percentage 
Mastery 22 86% 
Not mastered 4 15% 

Based on the data above, the percentage of students who achieved mastery is 86 percent, 
and the percentage of students who did not achieve mastery is 15 percent. This shows that the 
mathematics learning media based on the Quick Count Math educational game developed by 
the researcher is very effective. 

Dissemination Phase 

Dissemination phase was implemented in all Grade VII classes at SMP Negeri 3 Tondano. 
The learning media, developed in the form of an Android-based application, was handed over 
to the mathematics teacher in each class along with a brief orientation on its features and 
suggested use in classroom instruction and independent study. Teachers were encouraged to 
integrate the Quick Count Math game into their regular lessons on integer operations and to use 
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it as supplementary practice both during and after class. In addition, the application file was 
stored and documented at the school level so that it can be reused, shared with future cohorts, 
and potentially adopted by other mathematics teachers in the school. 

Discussion  

The development of Quick Count Math through the Four-D R&D model highlights the 
importance of a systematic pathway from needs analysis to classroom implementation. In the 
Define and Design phases, curriculum requirements, student characteristics, and the nature of 
integer concepts guide every design decision, so the game does not stand apart from the syllabus 
but grows out of it. This alignment is crucial in contexts where teachers often rely on lectures 
and worksheets, because it offers a concrete example of how digital media can be integrated 
without abandoning curricular demands (Freeman et al., 2020; Ratnayake et al., 2020; Swidan, 
2020). The use of Construct 2 as the authoring tool also illustrates how relatively accessible 
technologies can be harnessed to produce interactive media that fit school realities (Freeman et 
al., 2020; Rocha, 2020; Zambak & Tyminski, 2020). Rather than treating technology as an add-
on, the project embeds pedagogical considerations into the structure of the game, from task 
sequencing to feedback mechanisms. In this sense, Quick Count Math functions not only as a 
product but also as a model of how schools can approach the design of digital learning tools in 
a structured and research-based way. 

From a pedagogical perspective, Quick Count Math reflects core principles of 
constructivist and game-based learning. Students interact with integer operations through tasks 
that require them to manipulate representations, make decisions, and observe the consequences 
of their choices in real time (Bishop et al., 2014; Bofferding, 2014; Whitacre et al., 2017). This 
interaction differs from traditional paper-based exercises, where feedback is often delayed and 
limited to right or wrong markings. In the game environment, feedback can be immediate, 
informative, and embedded in the flow of activity, which supports the development of 
procedural fluency while also reinforcing conceptual understanding. The presence of levels and 
sublevels creates a graded challenge structure that can maintain engagement and provide a sense 
of progression. Such features are consistent with theoretical claims that meaningful game-based 
learning occurs when cognitive demand, feedback, and challenge are carefully balanced. Thus, 
the design of Quick Count Math can be read as an operationalization of these principles for the 
specific domain of integer operations at the junior high school level. 

The study also speaks to the role of digital games in addressing motivational issues that 
are common in mathematics classrooms. Many students experience mathematics as abstract, 
repetitive, and disconnected from their interests, which often leads to passive participation and 
low persistence. By embedding practice in a game format, Quick Count Math seeks to transform 
routine exercises into structured challenges that invite active involvement. Game elements such 
as progression through levels, clear goals, and immediate feedback can enhance attention and 
persistence, especially for students who usually disengage when faced with conventional 
problem sets (Angeliki Kolovou et al., 2013; Kärki et al., 2022; Nisa & Susanto, 2022). At the 
same time, the design avoids excessive decorative features that might distract from the 
mathematical content, so the focus remains on core skills in integer operations. This balance 
between motivational appeal and content focus is critical if educational games are to function 
as more than entertainment with superficial links to the curriculum. 

At the level of school practice, Quick Count Math offers insight into how digital learning 
media can be integrated into everyday instruction in resource-constrained settings. The choice 
to develop an application that can run on commonly available devices, such as smartphones or 
school computers, responds to infrastructure realities in many Indonesian schools (Günster & 
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Weigand, 2020). Teachers do not need a complete change in their lesson structure but can 
embed the game within existing teaching sequences, for example as a reinforcement activity 
after explanation or as a formative assessment tool (Martínez et al., 2020). The dissemination 
of the application to all Grade VII mathematics teachers illustrates a school-wide strategy rather 
than an isolated innovation in a single classroom. This opens opportunities for professional 
dialogue among teachers about how to plan lessons, manage class time, and support students 
who progress at different speeds while using the game. In this way, the product becomes a 
starting point for broader pedagogical reflection and collaboration at the school level. 

The implications of this study extend beyond the specific context of integer operations at 
one junior high school. Quick Count Math can be seen as a prototype for how similar game-
based media might be developed for other mathematical topics, such as fractions, algebraic 
expressions, or geometry, particularly within the framework of the Merdeka Curriculum. Future 
work could explore co-design processes that involve teachers and students more deeply in 
defining tasks, narratives, and feedback structures, so that the media reflect classroom realities 
even more closely. Comparative studies between different types of digital tools, such as 
simulations, interactive worksheets, and games, could also clarify which features are most 
influential for different learner profiles. In addition, longitudinal studies that track students over 
longer periods would provide insight into whether gains attributed to game-based media can be 
sustained and transferred to new topics. Through such extensions, the present study can serve 
as a foundation for a broader research agenda on the role of educational games in supporting 
meaningful and motivating mathematics learning in diverse school contexts. 

Conclusion 

This study developed the Quick Count Math educational game as an interactive medium 
for learning integer operations at the junior high school level using a Research and Development 
(R&D) approach with the Four-D model. The development process produced a game that 
integrates curriculum-aligned content, clear explanations, and practice items within a single-
player digital environment designed to support students in exploring and strengthening their 
understanding of integers. The findings show that Quick Count Math meets high criteria of 
validity, practicality, and effectiveness. Experts judged the content, language, and media design 
to be appropriate for classroom use, students responded positively to the game and found it 
engaging and easy to use, and most learners achieved the expected level of mastery in the 
integer topic after using the media. These results indicate that Quick Count Math can serve as 
a feasible alternative to conventional materials and can support the integration of game-based 
learning into mathematics instruction. The study also provides a validated design that can 
inform the future development of educational games for other mathematical topics and broader 
school contexts. 

 

Conflict of Interest 

The authors declare that there is no conflict of interest. 

Authors’ Contributions 

The first author, F.M., contributed to data collection, research instrument preparation, 
instrument validation, theoretical development, methodology, data organization and analysis, 
as well as the interpretation of findings. The second and third authors, A.L.F.T. and S.J.A.S., 

https://doi.org/10.51574/kognitif.v5i4.2482


1634 
Freiti Mangamis, Anetha L.F. Tilaar, Sylvia J.A. Sumarauw 
 
contributed to reviewing and refining the manuscript and ensured that the final version of this 
article was read and approved. The percentage contributions to the conceptualization, 
preparation, and revision of this manuscript are as follows: F.M.: 60%, I.D.: A.LF.T0%, and 
S.J.A.S.: 20%. 

Data Availability Statement 

The authors state that the data supporting the findings of this study will be made available by 
the corresponding author, [F.M.], upon reasonable request. 

References 

Alqahtani, M. M., & Powell, A. B. (2017). Mediational activities in a dynamic geometry 
environment and teachers’ specialized content knowledge. Journal of Mathematical 
Behavior, 48(February), 77–94. https://doi.org/10.1016/j.jmathb.2017.08.004  

Angeliki Kolovou, Marja van den Heuvel-Panhuizen, & Olaf Köller. (2013). An Intervention 
Including an Online Game to Improve Grade 6 Students’ Performance in Early Algebra. 
Journal for Research in Mathematics Education, 44(3), 510. 
https://doi.org/10.5951/jresematheduc.44.3.0510  

Bishop, J. P., Lamb, L. L., Philipp, R. a, & Whitacre, I. (2014). Obstacles and Affordances for 
Integer Reasoning : An Analysis of Children ’ s Thinking and the History of 
Mathematics. Journal for Research in Mathematics Education, 45(1), 19–61. 
https://doi.org/10.5951/jresematheduc.45.1.0019  

Bofferding, L. (2014). Negative Integer Understanding : Characterizing First Graders ’ Mental 
Models. Journal for Research in Mathematics Education, 45(2), 194–245. 
https://doi.org/10.5951/jresematheduc.45.2.0194  

Borba, M. C. (2009). Potential scenarios for Internet use in the mathematics classroom. ZDM - 
International Journal on Mathematics Education, 41(4), 453–465. 
https://doi.org/10.1007/s11858-009-0188-2  

Borji, V., Erfani, H., & Font, V. (2020). A combined application of APOS and OSA to explore 
undergraduate students’ understanding of polar coordinates. International Journal of 
Mathematical Education in Science and Technology, 51(3), 405–423. 
https://doi.org/10.1080/0020739X.2019.1578904  

Engelbrecht, J., Llinares, S., & Borba, M. C. (2020). Transformation of the mathematics 
classroom with the internet. ZDM - Mathematics Education, 52(5), 825–841. 
https://doi.org/10.1007/s11858-020-01176-4  

Freeman, B., Higgins, K. N., & Horney, M. (2020). How Students Communicate Mathematical 
Ideas: An Examination of Multimodal Writing Using Digital Technologies. 
Contemporary Educational Technology, 7(4), 281–313. 
https://doi.org/10.30935/cedtech/6178  

Günster, S. M., & Weigand, H. G. (2020). Designing digital technology tasks for the 
development of functional thinking. ZDM - Mathematics Education, 52(7), 1259–1274. 
https://doi.org/10.1007/s11858-020-01179-1  

Hsieh, F. J., Wang, T. Y., Hsieh, C. J., & Chu, C. T. (2025). The relationships of preservice 
teachers’ dispositions and noticing of technology-integrated mathematics teaching 
activities. ZDM - Mathematics Education. https://doi.org/10.1007/s11858-025-01727-7  

Kärki, T., McMullen, J., & Lehtinen, E. (2022). Improving rational number knowledge using 
the NanoRoboMath digital game. Educational Studies in Mathematics, 110(1), 101–123. 
https://doi.org/10.1007/s10649-021-10120-6  

https://doi.org/10.1016/j.jmathb.2017.08.004
https://doi.org/10.5951/jresematheduc.44.3.0510
https://doi.org/10.5951/jresematheduc.45.1.0019
https://doi.org/10.5951/jresematheduc.45.2.0194
https://doi.org/10.1007/s11858-009-0188-2
https://doi.org/10.1080/0020739X.2019.1578904
https://doi.org/10.1007/s11858-020-01176-4
https://doi.org/10.30935/cedtech/6178
https://doi.org/10.1007/s11858-020-01179-1
https://doi.org/10.1007/s11858-025-01727-7
https://doi.org/10.1007/s10649-021-10120-6


Kognitif: Jurnal Riset HOTS Pendidikan Matematika 
https://doi.org/10.51574/kognitif.v5i4.2482             Volume 5, No 4, October - December 2025, pp. 1623– 1636 
 

    

1635 

Lee, Y., Capraro, R. M., & Bicer, A. (2019). Affective Mathematics Engagement: a 
Comparison of STEM PBL Versus Non-STEM PBL Instruction. Canadian Journal of 
Science, Mathematics and Technology Education, 19(3), 270–289. 
https://doi.org/10.1007/s42330-019-00050-0  

Martínez, S., Guíñez, F., Zamora, R., Bustos, S., & Rodríguez, B. (2020). On the instructional 
model of a blended learning program for developing mathematical knowledge for 
teaching. ZDM - Mathematics Education, 52(5), 877–891. 
https://doi.org/10.1007/s11858-020-01152-y  

Marufi, Ilyas, M., Winahyu, & Ikram, M. (2021). An Implementation of Ethno-STEM to 
Enhance Conceptual Understanding. Al-Jabar: Jurnal Pendidikan Matematika, 12(1). 

Nisa, M. A., & Susanto, R. (2022). Pengaruh Penggunaan Game Edukasi Berbasis Wordwall 
Dalam Pembelajaran Matematika Terhadap Motivasi Belajar. JPGI (Jurnal Penelitian 
Guru Indonesia), 7(1). https://doi.org/10.29210/022035jpgi0005  

Pepin, B. (2021). Connectivity in support of student co - design of innovative mathematics 
curriculum trajectories. ZDM – Mathematics Education, 53(6), 1221–1232. 
https://doi.org/10.1007/s11858-021-01297-4  

Ratnayake, I., Thomas, M., & Kensington-Miller, B. (2020). Professional development for 
digital technology task design by secondary mathematics teachers. ZDM - Mathematics 
Education, 52(7), 1423–1437. https://doi.org/10.1007/s11858-020-01180-8  

Rocha, H. (2020). Graphical representation of functions using technology: A window to teacher 
knowledge. Teaching Mathematics and Its Applications, 39(2), 105–126. 
https://doi.org/10.1093/teamat/hrz011  

S. Kumar, R., Subramaniam, K., & Naik, S. S. (2017). Teachers’ construction of meanings of 
signed quantities and integer operation. Journal of Mathematics Teacher Education, 
20(6), 557–590. https://doi.org/10.1007/s10857-015-9340-9  

Stohlmann, M. (2019). Three modes of STEM integration for middle school mathematics 
teachers. School Science and Mathematics, 119(5), 287–296. 
https://doi.org/10.1111/ssm.12339  

Swidan, O. (2020). A learning trajectory for the fundamental theorem of calculus using digital 
tools. International Journal of Mathematical Education in Science and Technology, 
51(4), 542–562. https://doi.org/10.1080/0020739X.2019.1593531  

Taher, N. A. H., Nagaraju, G., & Eslavath, K. D. N. (2019). Motivating students in learning 
mathematics by using contextual teaching strategies. International Journal of Advanced 
Science and Technology, 28(13). 

Whitacre, I., Azuz, B., Lamb, L. L. C., Bishop, J. P., Schappelle, B. P., & Philipp, R. A. (2017). 
Integer comparisons across the grades: Students’ justifications and ways of reasoning. 
Journal of Mathematical Behavior, 45, 47–62. 
https://doi.org/10.1016/j.jmathb.2016.11.001  

Zambak, V. S., & Tyminski, A. M. (2020). Examining mathematical technological knowledge 
of pre-service middle grades teachers with Geometer’s Sketchpad in a geometry course. 
International Journal of Mathematical Education in Science and Technology, 51(2), 
183–207. https://doi.org/10.1080/0020739X.2019.1650302  

  

https://doi.org/10.51574/kognitif.v5i4.2482
https://doi.org/10.1007/s42330-019-00050-0
https://doi.org/10.1007/s11858-020-01152-y
https://doi.org/10.29210/022035jpgi0005
https://doi.org/10.1007/s11858-021-01297-4
https://doi.org/10.1007/s11858-020-01180-8
https://doi.org/10.1093/teamat/hrz011
https://doi.org/10.1007/s10857-015-9340-9
https://doi.org/10.1111/ssm.12339
https://doi.org/10.1080/0020739X.2019.1593531
https://doi.org/10.1016/j.jmathb.2016.11.001
https://doi.org/10.1080/0020739X.2019.1650302


1636 
Freiti Mangamis, Anetha L.F. Tilaar, Sylvia J.A. Sumarauw 
 
Author Biographies  

 

Freiti Mangamis was born in Pantuge on January 22, 2001, to parents Erikson 
Mangamis and Suati Thobias. The author is the fourth child of four siblings. The 
author began schooling at TK Pantuge (2006–2007), then continued at SD Negeri 
Pantuge (2007–2013) and SMP Negeri 3 Kabaruan (2013–2016). The author 
attended SMA Negeri 1 Kabaruan and graduated in 2019. In 2020, the author was 
admitted to the Mathematics Education Study Program, Faculty of Mathematics, 
Natural Sciences, and Earth Sciences, Manado State University, through the B2P 
selection track. Email: freitimangamis22@gmail.com  

 

 

Anetha L. F. Tilaar is a lecturer at Manado State University (UNIMA). She once 
served as Dean of the Faculty of Mathematics, Natural Sciences, and Earth Sciences 
(FMIPAK), starting from October 4, 2018. She is affiliated with the Mathematics 
Education Study Program at UNIMA. Her research focuses on mathematics 
education. She is interested in teaching, assessment, and students’ learning 
outcomes in mathematics. One of her studies is the development of assessment 
instruments for mathematics learning based on the Teaching at the Right Level 
(TaRL) approach in junior high schools. She is active in research and community 
service. She works to improve the quality of mathematics teaching and assessment 
at the secondary school level. Email: anethatilaar@unima.ac.id  

 

Sylvia J. A. Sumarauw is a lecturer in the Mathematics Education Department, 
Faculty of Mathematics, Natural Sciences, and Earth Sciences (FMIPAK), Manado 
State University (UNIMA). She holds a Master of Science (M.Si.) and a Master of 
Computer Science (M. Kom.), which shows her expertise in both mathematics and 
computer science. She has also served as Vice Dean for Student Affairs and Alumni 
at FMIPAK UNIMA. Her research often combines innovation in mathematics 
education with the use of technology. One of her studies involves using data mining 
classification models to predict students’ on-time graduation. She is active in 
collaborating with other academics from various universities in research and 
scientific development. Email: janesumarauw@gmail.com  

 

mailto:freitimangamis22@gmail.com
mailto:anethatilaar@unima.ac.id
mailto:janesumarauw@gmail.com

