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Abstract—Digital Game-Based Learning (DGBL) is a form 

of learning innovation that facilitates students to learn game-

based. This study aims to produce digital game-based learning 

products that can improve the numeracy skills of elementary 

school teacher education students. The game will be tested for 

validity and practicality before being applied in learning. This 

study indicates that the resulting product, "CAKAP 

NUMERASI" game, is suitable for use in learning and is 

practically used in learning. The validation test results from 

learning experts in the field of elementary school teacher 

education showed a percentage of 95.9%, which was in the very 

valid criteria. The results of the practicality test are in the 

practical criteria with a percentage of 80.4%. Based on the notes 

on the validity and practicality of the media, several ways can 

be done to improve the quality of the media before being tested 

on a wider range of students. 

Keywords—DGBL, numeracy, mathematics game, elementary 

school teacher 

I. INTRODUCTION 

Research related to numeracy has continued to increase 
over the last ten years. These studies show the relationship of 
numeracy to various areas of life. In addition to mathematics, 
numeracy is also related to language skills to health [1]–[5]. 
Numeration becomes an inseparable part as the basis for 
developing logic and mathematical reasoning, especially 
related to problem-solving in everyday life [6]. 

The importance of numeracy is, in fact, not in line with the 
current mastery of numeracy skills in Indonesia. The results 
of the 2018 PISA (Program for International Student 
Assessment) show that the ability of Indonesian students in 
mathematics is far below the world average, which is 379, 
with a world average of 489 [7]. The average mathematical 
ability of Indonesian students in 2018 even experienced a 
downward trend from previous years. The PIAAC (Program 
for the International Assessment of Adult) survey conducted 
by the OECD in 2016 also showed that the numeracy skills of 
adults in Indonesia were low [8]. These results underscore the 

need to inculcate numeracy skills from an early age to increase 
mastery of these competencies into adulthood. 

In 2020 the Ministry of Education and Culture issued a 
policy to change the National Examination into a National 
Assessment 2021. Numeration is one of the Minimum 
Competency Assessment (AKM) focuses. AKM will be given 
at the elementary, middle, and high school levels. This policy 
is also accompanied by supporting facilities developed by the 
Assessment and Learning Center of the Ministry of Education 
and Culture, namely the website 
https://pusmenjar.kemdikbud.go.id/akm/ as student learning 
materials [9]. In developing numeracy skills in students, of 
course, it cannot be separated from the role of the teacher in 
the process. Teachers who have good numeracy skills are 
expected to positively influence the development of students' 
numeracy skills [1]. 

As agents who play a role in instilling the concept of 
numeracy in elementary school students, prospective 
elementary school teachers should master numeracy skills 
well. The numeracy skills of prospective elementary school 
teachers have not fully met the expected criteria. The results 
of research related to the numeracy ability of prospective 
elementary school teacher students at the Universitas Negeri 
Malang on an online assessment showed that the average 
numeracy ability of students was in a low category [10]. 
Another study showed that most elementary school teacher 
professional education students had problems related to 
numeracy skills [11]. It encourages the need to provide 
learning resources and special programs to improve numeracy 
skills. 

Digital Game-Based Learning (DGBL) is a learning 
innovation that facilitates students to learn game-based. In this 
case, DGBL or learning-based digital games are part of 
applying information technology in learning. The results of 
previous studies showed that games could improve numeracy 
skills quickly in elementary school students [12]. DGBL is 
also an effective educational method in improving students' 
motivation and skills in mathematics education [13]. In 
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several studies, DGBL has been proven to improve student 
achievement [14]-[18]. 

The advantages of DGBL in improving students' abilities 
in mathematics are an alternative to developing numeracy 
skills for prospective elementary school teachers. This 
research is important to prepare prospective elementary 
school teachers who will later prepare elementary school 
students for AKM. It can be done by developing DGBL to 
improve the numeracy skills of prospective primary school 
teachers. 

This research is an alternative to develop numeracy skills 
in prospective elementary school teachers. This is done by 
developing DGBL to improve the numeracy skills of 
prospective elementary school teachers. The urgency of this 
research as part of innovation in learning for prospective 
elementary school teachers. The development of DGBL is 
important to improve the numeracy skills of prospective 
elementary school teachers to prepare learning that supports 
the success of AKM for elementary school students. The 
results of this study will provide insight regarding strategies 
that can be used to maximize AKM Numeration in subsequent 
learning, both at the higher education level and in elementary 
school. 

This study aims to produce digital game-based learning 
products that can improve the numeracy skills of elementary 
school teacher education students. The resulting product will 
be tested for validity and practicality before being applied in 
learning. The benefits of this research as part of innovation in 
learning for prospective elementary school teachers. The 
development of DGBL is important to be able to improve the 
numeracy skills of prospective elementary school teachers to 
prepare learning that supports the success of AKM for 
elementary school students. The results of this study will 
provide insight regarding strategies that can be used to 
maximize AKM Numeration in subsequent learning, both at 
the higher education level and in elementary school. 

A. Elementary School Teacher's Numeracy 

In general, numeracy skills can be used as a reference in 
predicting the skills of working with numbers in the future 
[20]. The ability to compare, interpret numbers, calculate, 
understand the place value of numbers, read data, and 
knowledge of logically related to numeracy is proven to be 
relevant to the needs of all aspects of the world of work. To 
develop numeracy skills in students, of course, will depend on 
the role of the teacher in the learning process. Teachers who 
have good numeracy skills are expected to positively 
influence the development of students' numeracy skills [21], 
[22]. 

The development of numeracy competencies for teachers 
certainly needs to be carried out periodically to update and 
maintain their competencies. Based on a survey conducted by 
Audrey Cooke (2014), teachers' numeracy skills fluctuated 
[23]. Along with these fluctuations, there is anxiety in the 
community, which begins to doubt the ability of teachers in a 
particular field, especially numeracy [24]. So that effort is 
needed to continue to upgrade the numeracy skills of teachers. 
Such is the case with the development of the framework that 
has been carried out by Peter Sellings, et al. In his research 
showed an effect of 0.99 in the numeracy ability of 
prospective teachers after being given treatment [25]. These 
results indicate that the numeracy skills of prospective 

teachers need to be honed and developed through innovations 
in learning. 

B. Minimum Competency Assessment 

The importance of assessment in learning cannot be 
separated from its role as a key component that helps students 
see their learning process [26]. Assessment is an inseparable 
part of the learning process. By knowing the extent of student 
achievement, students can find out what they need to improve 
in learning. In addition, through the assessment, the teacher 
can determine the achievement of learning objectives and 
follow up on these results. 

AKM is a step by the Ministry of Education and Culture 
to assess the quality of learners on a basic basis [9]. The two 
competencies used as references in the AKM are reading 
literacy and numeracy literacy. Information related to AKM 
can be accessed on the 
https://pusmenjar.kemdikbud.go.id/akm/ page. Specifically 
related to numeration, AKM focuses on four main categories: 
numbers, geometry & measurement, algebra, and data & 
uncertainty. On the AKM website, it is stated that the Learning 
Level for elementary school students is divided into three 
levels, namely Level 1 (Grades 1 & 2), Level 2 (Grades 3 & 
4), and Level 3 (Grades 5 & 6). The distribution of material at 
each level is adjusted to the learning achievement of the 
highest class with relevant competencies accompanied by 
practice questions and discussions on each indicator. 

C. Digital Game-Based Learning (DGBL) in Mathematics 

Learning 

DGBL is a term used to describe digital games as a 
medium in learning. DGBL refers to utilizing the 
entertainment value of digital games for educational purposes 
[27], [28]. The use of digital technology in education is a 
development demand. It has even become more rapid after the 
emergence of the COVID-19 pandemic, which requires most 
students to study from home by utilizing digital-based 
electronic devices such as mobile phones, smartphones, 
laptops, and/or computers to access various learning 
applications. Learning must be reformed and use 
contemporary methods to meet the new needs and 
requirements of the 21st century [29]. 

The recent development of distance learning demands 
innovation in learning, including the use of DGBL to address 
the challenges and trends in the development of mathematics 
learning, both in learning design, learning materials, learning 
media, and learning assessments. The development of DGBL 
in mathematics learning can help educators instill concepts, 
including numeracy concepts. Previously, the use of digital 
games was considered effective in increasing learning 
motivation, mathematics attitudes and mathematics learning 
achievement [29]−[31]. 

II. METHOD 

The trial subjects in this study were selected during small 
group trials. Small group trials were carried out to identify the 
shortcomings of the initial product based on students' views to 
re-examine the revised results of the instrument validation 
results. The subjects of the small group trial in this study were 
ten students in the year 2019 and 2018 of elementary school 
teacher education study program undergraduate study 
programs who had taken a series of courses in Mathematics. 
This research data collection uses validity and practicality 
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tests, each of which has a data collection instrument. The 
following are some data collection instruments. 

TABLE I.  THE GRID OF VALIDATION INSTRUMENTS 

Aspect Indicators Items 

Content 

Media compatibility with numerical indicators 2 

Media compatibility with numeric content 1 

Ease of media content to understand 1 

Construct 

Suitability of media presentation 1 

Ease of use of media 1 

The accuracy of the selection and placement of 
supporting images on the media 

1 

Language 

Appropriateness of language used in media 1 

The media use communicative language 1 

Understanding sentences on media 1 

The readability of sentences on the media 1 

 

The validity test instrument in this research and 
development is a validation sheet. The sheet is given to the 
validator, which is used to validate the media and materials in 
the learning media developed by the researcher. Table 1 shows 
the grid of validation instruments. The practicality test 
instrument in this development research is in the form of a 
student response questionnaire. The questionnaire will be 
given to students who have taken a series of courses in 
Mathematics. The grid of practicality test instruments is 
shown in Table 2. 

TABLE II.  THE GRID OF PRACTICALLY TEST INSTRUMENTS 

Aspect Indicators Items 

Use of 
Media 

Ease of access 1 

Instructions for using media are easy to 
understand 

1 

Design and 
Appearance 

Media attraction 1 

The attractiveness of media theme colors 1 

Easy-to-use media buttons 1 

Readability of writing on media 1 

User 
Response 

Positive impact on students 1 

Encouraging students to learn 1 

Increase student knowledge 1 

Helping students to learn 1 

 

This research is a type of research and development using 
the ADDIE development model. This development model has 
five main stages: Analysis, Design, Development, 
Implementation, and Evaluating. The presentation of each 
stage is explained as follows. 

1) Stage of Analysis (Analysis). At this stage, an initial 

analysis of the numeracy skills of prospective elementary 

school teachers is carried out based on an online assessment 

that has been carried out on elementary school teacher 

education study program students at the Universitas Negeri 

Malang [10]. In addition, the learning strategies carried out 

related to numeracy for elementary school teacher education 

study program students were analyzed, as well as analysis 

related to the schedule of research implementation. 

2) Design Phase (Design). This stage is related to the 

determination of learning strategies in DGBL aimed at 

improving the numeracy skills of prospective elementary 

school teachers, including initial displays, storyboards, and 

prototypes of digital games related to numeracy skills for 

elementary school teacher education study program students. 

3) Development Phase (Development). This stage 

includes the development of digital games that have been 

adapted to the design stage, followed by compiling expert test 

instruments, validation by experts, and continued revisions 

based on results and suggestions from experts. 

4) Implementation phase (Implementation). The 

implementation phase was carried out through small group 

trials through experiments to determine the practicality of 

digital games with student responses to small group trials. 

5) Stage of Evaluating (Evaluation). This stage consists 

of a formative evaluation stage which is carried out at each 

previous stage as a process of improving product quality. 
 

Games are given to students of elementary school teacher 
education study program Universitas Negeri Malang. The data 
of this study consisted of data from the practicality test after 
students tried to use DGBL, "CAKAP NUMERASI", which 
contained four materials focused on numeration according to 
the AKM, namely numbers; geometry & measurement; 
algebra; and data & uncertainty. In addition, product 
development process data was obtained in the form of expert 
validity test results were analyzed descriptively by presenting 
percentages and qualitative data in the form of suggestions. 

This research data analysis aims to determine the validity 
and practicality of the product developed. The data analysis 
techniques used in this research and development are 
qualitative descriptive analysis and quantitative descriptive 
analysis. The following is an explanation of the data analysis 
techniques in this study.  

Quantitative descriptive analysis technique was used to 
analyze the data obtained from student responses in 
descriptive form. Validity analysis converted in percentage. 
Qualitative descriptive analysis technique is used to analyze 
data by describing or describing qualitative data. Qualitative 
data analysis techniques are used to process the data from the 
review in the form of comments, input, suggestions for 
improvement from experts and users (students). The results of 
this analysis are used as a reference for improving the learning 
media so that the resulting learning media is of high quality 

Conclusions on the practicality of the media based on the 
criteria. The media is declared eligible for testing if it reaches 
the minimum score of percentage. If there are still 
improvements, the interactive media can be revised according 
to comments or suggestions that the validator has given. 
Revisions should be made if the criteria are under 
"Sufficiently Valid." Media is declared suitable for use if it 
reaches " Practical " minimum criteria. If there are still 
improvements, the interactive media can be revised according 
to comments or suggestions that the validator has given. 
Revisions should be made if the criteria are under "Practical". 

III. RESULT AND DISCUSSION 

The development of "CAKAP NUMERASI" has been 
developed in the form of an assessment that aims to support 
students' numeracy skills. Figure 1 shows the appearance of 
the initial page on this medium. Initial page has function to 
describe the application generally. Figure 1 use landscape user 
interactive (UI) mode to make student easily to use. 
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Fig. 1. The Initial Page of “CAKAP NUMERASI” Game 

This media also displays the Main Menu (Figure 2), which 
consists of initial information related to numeracy which can 
be accessed on the Did You Know menu. Furthermore, the 
Socialization Video contains videos related to the introduction 
of numeracy as available on the Ministry of Education and 
Culture's AKM page. Numerical assessment is available on 
the Let's Play menu, and the name of this media developer is 
written on the Developer Profile menu.  

 

 

Fig. 2. The Display of “CAKAP NUMERASI” Game Main Menu  

On the Let's Play menu, you can see the level of play 
available in this Numerical CAKAP game (Figure 3). There 
are three levels of play in the game: Level 1, Level 2, and 
Level 3. At each level, there are ten questions that must be 
solved. The level of difficulty contained in each level is 
adjusted to Levels 1-3 on the numeration questions at the 
AKM.  

Participants who get a score of 80 (getting eight correct 
answers) can immediately move to the next level. An example 
of a question display can be seen in Figure 4. The games that 
have been developed have been validated by three learning 
experts in the field of elementary school education. The 
validation results of the three validators can be seen in Table 
3. 

 

Fig. 3. The Level of “CAKAP NUMERASI” Game 

 

 

Fig. 4. Example of a Question Display on “CAKAP NUMERASI” Game 

Subsequent questions were revised, and the revised media 
were tested for practicality in small group trials. The results of 
small group trials on ten students (subject) can be seen in 
Table 4. 

TABLE III.  THE EXPERT VALIDATION RESULT 

Validity Expert 1 Expert 2 Expert 3 

Content 100% 100% 100% 

Construct 100% 83.3% 100% 

Language 100% 90% 90% 

Average 95.9% 

 

In addition to quantitative data related to the results of the 
practicality test, there are also suggestions from users 
regarding this media revision. The suggestion such as the 
questions are quite challenging; it is better to explain the 
function of the home button, books, and arrows at the first 
page; the memory should not be too large because not all 
smartphone can accommodate large enough applications. 
Another suggestion is about the web response is quite slow 
when accessed.  
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TABLE IV.  THE PRACTICAL TEST RESULT 

Subject Practically Test (%) Note 

1 90  

2 90  

3 80  

4 90  

5 84  

6 74  

7 68  

8 72  

9 84  

10 72  

Average 80.4 Practical 

 

Creativity and technology are the determinants in 
optimizing the use of technology as an option during online 
learning activities. Along with the development of 
technology, as an educator, you must be able to quickly adapt 
and be able to use technology for the development of learning, 
especially during the current pandemic [27]. Online 
technology allows interaction during online learning to occur. 
In delivering learning materials, teachers must be creative so 
that students do not feel bored while carrying out learning at 
home. Variations in the use of learning media adapted to 
students' conditions are needed to keep students learning well 
[26]. Giving an interlude in the form of games in the middle 
of learning can also be a solution to keep the learning 
atmosphere fun. 

Generation Z is a generation that is already familiar with 
gadgets and games. Children generally like games, so the use 
of game-based learning is suitable to be applied to the 
conditions of the digital generation as it is today. Game-based 
learning is a learning method that uses game/game 
applications that have been specifically designed to assist in 
the learning process [28]. Using game-based learning,, we can 
provide stimulus to three important parts of learning: 
emotional, intellectual, and psychomotor. 

Learning evaluation in the form of quizzes does not doubt 
that students need to be treated with interesting learning 
models to not experience boredom in learning. This creation 
is still casuistic but can be cloned in another school to ensure 
its effectiveness. Educators need to always innovate and be 
creative in learning so that students remain enthusiastic about 
learning and can easily understand the material we provide 
[22], [23]. The philosophy of learning is to transfer material, 
character, and inspire. The thing that is no less important is to 
make the learning atmosphere fun and make a deep 
impression so that the material is always imprinted in the 
minds of students. Creating a learning environment that is 
always fun is closely related to creativity, and this is where 
technology plays a big role. 

Digital game-based learning (DGBL) has attracted the 
interest of various parties in using games as a learning tool. 
Continuous research that has been carried out in every decade 
has led to various books as well as research articles that have 
increasingly popularized the existence of DGBL as an 
alternative in learning [17], [18]. This is inseparable from 
technological developments and students who are increasingly 
adapting to technology. The era of the industrial revolution 5.0 
led to the development of an increasingly massive and 
unstoppable digital world. There is a lot of information flow, 
from the emergence of various interesting digital applications 
and content to the emergence of a digital generation that is 
accustomed to interacting through cyberspace and can't even 

be separated from all the interesting things in it [27]. This 
generational character supports the existence of DGBL as a 
tool that is easier to use in learning. 

Differences of opinion often arise regarding the perception 
that games are always something that is relaxed, not serious in 
nature, and different from learning. It seems that it can slowly 
be eliminated. Today, the majority of people believe that 
games are interesting, and when used effectively, games can 
play a role in learning [30]. The question that arises then is 
why DGBL is interesting and effective and how games can be 
integrated into the learning process to maximize students' 
learning potential. Educational games are often designed by 
academics so that they have a less attractive impression in 
game design. Sometimes games are fun to play but don't play 
a role in learning, nor are we expecting them to be. Ultimately, 
DGBL creates a space for collaboration between pedagogy 
and game design to maximize their function in learning [29]. 

This study indicates that the game is suitable for use in 
learning and is practically used in learning. According to 
expert validation results, games on numeration are considered 
effective in learning according to learning outcomes and 
changes in student behavior after they learn with the help of 
games. Games have been proven to teach intellectual skills as 
well as motor skills [26]. In learning, games are also able to 
realize established learning principles and models. Games 
effectively support learning because they take place in a 
meaningful context [13]. Games in learning are also 
associated with the learning environment and can demonstrate 
students' skills in their learning situations. Learning that 
occurs in a meaningful context is what causes games to 
positively influence learning. 

Based on the strengths and weaknesses of the DGBL, 
especially from the notes on the validity and practicality of the 
media, there are several ways that can be done to minimize 
these weaknesses—giving audio needs to be done to support 
the game's attractiveness. This can add a fun aspect to the 
game. The ease and speed of access on the website need to be 
considered in order to make the game easier to access. In the 
next stage, it is necessary to analyze the effectiveness of 
DGBL on the numeracy abilities of students and elementary 
school students. 

IV. CONCLUSION 

This study indicates that the DGBL, “CAKAP 
NUMERASI”, is suitable for use in learning and is practically 
used in learning. The validation test results from learning 
experts in the field of elementary school teacher education 
showed the percentage of 95.9%, which was in the very valid 
criteria. The results of the practicality test are in the practical 
criteria with a percentage of 80.4%. Based on the notes on the 
validity and practicality of the media, several ways can be 
done to improve the quality of the media before being tested 
on a wider range of students. Giving audio needs to be done 
to support the game's attractiveness. The audio can add a fun 
aspect to the game. The ease and speed of access on the 
website need to be considered in order to make the game easier 
to access. In the next stage, it is necessary to analyze the 
effectiveness of DGBL on the numeracy abilities of students 
and elementary school students. The DGBL is ready for use, 
but it needs to be revised again to improve the media's quality. 
Furthermore, the media can be tested on elementary school 
teacher education study program students to see the readiness 
of students in teaching numeracy in elementary schools. 
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Media can also be disseminated to teachers or schools who 
need media as an introduction to numeracy material. Further 
researchers can carry out further product development to 
develop supporting media products for numeracy learning 
using other software. 
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