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Abstract 

The development of digital technology has encouraged the use of interactive learning media in elementary education. However, 
various digital innovations have not fully demonstrated a consistent pedagogical impact on student learning efficiency and interest, 
especially when media development emphasizes technical aspects rather than instructional design and outcome-based evaluation. 
This study aims to develop and evaluate a web-based educational game designed to improve elementary school students' learning 
efficiency and interest. The study used a design and development research approach, which included needs analysis, design, 
development, and evaluation stages. The research subjects consisted of 32 fourth-grade elementary school students. Data were 
collected through learning outcome tests (pre-test and post-test), task completion time measurements, learning interest 
questionnaires, and classroom observations. Quantitative analysis using a paired-sample t-test showed a significant increase in 
student learning outcomes after using the educational game (t(31) = 9.27; p < 0.001; d = 1.64) and a significant decrease in task 
completion time (t(31) = 8.11; p < 0.001; d = 1.43). Students' learning interest scores were in the high category (M = 4.21). These 
findings indicate that pedagogically designed web-based educational games are capable of simultaneously increasing the efficiency 
and learning interest of elementary school students. 
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Introduction 

The digital transformation in elementary education has changed the way schools view the role of technology in learning. 

Technology is no longer positioned merely as an administrative tool or visualization of materials, but rather as an 

integral part of learning strategies expected to improve the quality of learning processes and outcomes. However, 

various studies show that the use of educational technology does not automatically result in improved learning outcomes 

unless accompanied by sound instructional design and measurable evaluation based on learning outcomes. 

At the elementary school level, the main challenge in learning is not only delivering material but also maintaining 

sustained student engagement. Learning efficiency and learning interest are two key dimensions closely related to each 

other. Learning efficiency refers to students' ability to achieve learning objectives with optimal use of time and cognitive 

effort, while learning interest represents affective engagement that influences students' attention, motivation, and 

persistence throughout the learning process (Sari & Usman, 2019). 

Low interest in learning often directly affects learning efficiency (Smarandache et al., 2022). Students who are not 

interested in the material tend to take longer to grasp the same concepts, experience cognitive fatigue more quickly, and 

demonstrate limited engagement. This condition is often found in elementary school mathematics lessons, which are 

often perceived as abstract, challenging, and less relevant to students' everyday experiences. 

Numerous studies have shown that conventional, one-way, minimally interactive learning approaches are inadequate 

for meeting the learning needs of elementary school-aged students. At this stage of development, students require 

concrete, visual, and interactive learning experiences to develop meaningful conceptual understanding. Therefore, 
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innovative learning media that integrate cognitive and affective aspects are becoming increasingly relevant for 

development. 

Digital-based educational games are emerging as a promising pedagogical approach in elementary education. By 

integrating learning content into game mechanics such as challenges, scoring, and immediate feedback, educational 

games can create a more engaging learning environment and encourage active student engagement. Recent studies have 

shown that digital game-based learning can improve students' conceptual understanding, motivation, and positive 

attitudes toward learning, particularly in mathematics and science (Behnamnia et al., 2024; Wang et al., 2022). 

However, the effectiveness of educational games depends heavily on the quality of the instructional design and the 

alignment between game elements and learning objectives. Games developed without a strong pedagogical foundation 

risk becoming merely a form of entertainment, with little impact on learning outcomes. Furthermore, most research on 

educational game development still focuses on technical aspects and usability, while empirical studies linking 

educational game use with learning efficiency as a quantitative outcome are relatively limited. Web-based educational 

games have additional advantages over platform-based applications. High accessibility, cross-device compatibility, and 

the absence of the need for special application installation make web-based games easier to implement in school 

environments with limited technological infrastructure. However, these technical advantages need to be balanced with 

adequate pedagogical evaluation to ensure scientifically sound learning outcomes. 

Based on these conditions, this study aims to develop and evaluate a web-based educational game to improve the 

efficiency and learning engagement of elementary school students. This study provides theoretical contributions by 

clarifying the relationship between game mechanics and two key dimensions of learning, and methodological 

contributions through the application of a design-and-development research approach that links design decisions to 

measurable learning outcomes. 

Method 

This research uses a design and development research (DDR) approach, which aims to produce learning products while 

simultaneously evaluating their impact in real-world learning contexts. The DDR approach was chosen because it allows 

for the systematic integration of field needs analysis, learning media design, and empirical data-based evaluation 

(McKenney & Reeves, 2018; Richey & Klein, 2014). The study was conducted at a public elementary school in Maros 

Regency, Indonesia. The subjects were 32 fourth-grade students aged 9–10 years. The sampling technique used was 

total sampling, as all students in the class were included as participants. The class teacher acted as both a learning 

facilitator and a context observer during the implementation of the educational game. 

The product developed is a web-based educational game for fourth-grade mathematics, adapted to the national 

curriculum. The game design takes into account the cognitive developmental characteristics of elementary school 

students by emphasizing simple visual displays, direct interaction, and immediate feedback, as recommended in 

research on game-based learning for elementary education (Karakoç et al., 2022; Zhang & Yu, 2022). The research 

instruments included a learning outcome test, a measure of task completion time, a learning interest questionnaire, and 

a classroom observation sheet. The learning outcome test was administered as a pre- and post-test, consisting of 20 

multiple-choice questions with equal difficulty levels. The learning interest questionnaire used a five-point Likert scale 

to measure aspects of attention, enjoyment, and willingness to continue learning (Likert, 1932). The instrument's content 

validity was assessed through expert judgment, while the questionnaire's internal reliability was analyzed using 

Cronbach's alpha coefficient, which showed high consistency (α = 0.87), in accordance with the reliability criteria 

recommended in educational research (Ahmad et al., 2024; Izah et al., 2023). 

The research procedure was carried out in three learning sessions. The first session involved conventional learning, 

administering a pre-test, and recording task completion times as baseline data. The second session used a web-based 

educational game as the primary learning medium. The third session included administering a post-test and completing 

a learning interest questionnaire. Quantitative data were analyzed using descriptive statistics and a paired-sample t-test 

to examine differences in learning outcomes before and after the intervention, with a significance level of 0.05. The 

strength of the intervention's influence was calculated using Cohen's d effect size to provide a substantive interpretation 

of the analysis results (Cheung & Tai, 2023). 
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Results and Discussion 

Result 

This section presents objective research results based on quantitative analysis and observational findings following the 

implementation of a web-based educational game in fourth-grade elementary school mathematics. The presentation of 

results focuses on two main indicators: learning efficiency and student interest in learning. This approach provides a 

comprehensive overview of the impact of educational game use, both on cognitive achievement and on the quality of 

the learning process in the classroom. As initial context, the research results begin with a description of the 

implementation of a web-based educational game in a real-life learning situation. This presentation aims to demonstrate 

how the developed media is used by students and teachers, as well as how the interface design and system interaction 

flow support student engagement and learning efficiency. The explanation of the implementation is not intended as a 

technical description, but rather as an empirical basis for understanding the quantitative results presented in the 

following section. 

Implementation of Web-Based Educational Games 

The implementation of the web-based educational game was conducted directly in the school environment to ensure the 

system could be used optimally in an authentic learning context. During the learning process, students used the game 

as the primary medium for completing interactive math quizzes, while the teacher acted as a facilitator, directing 

learning activities and monitoring student progress. This approach enabled evaluation of system usability not only based 

on user perceptions but also through observations of student learning behavior while interacting with the media. The 

initial system interface, shown in Figure 1, was designed to provide a brief orientation for users before entering the 

core learning activities. The simple and consistent visual design aimed to reduce students' initial cognitive load and 

create a positive first impression of game-based learning. 

 
Figure 1. Initial view 

Figure 1 shows the initial splash screen of a web-based educational game that serves as user orientation before entering 

learning activities. Figure 2 then displays the system access path for user authentication, allowing individual student 

identification. This mechanism ensures that each student's learning activities and outcomes are accurately recorded, 

supporting ongoing monitoring of learning progress. 

 
Figure 2. Authentication page 
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After successfully logging into the system, students are directed to the main page, which serves as a navigation center 

for learning activities. This page displays a menu of materials, quizzes, and learning outcomes in the form of easily 

recognizable icons. The intuitive navigation structure is designed to minimize the time students spend understanding 

the system flow, allowing for more efficient use of learning time. Figure 3 shows the main page, which serves as the 

navigation center for student learning activities. 

 
Figure 3. Main page 

The system's core feature is an interactive quiz menu that presents math problems aligned with basic elementary school 

competencies. Quizzes provide immediate feedback, allowing students to identify errors and independently correct their 

understanding. This type of interaction is designed to increase student engagement and accelerate the learning process 

by promptly correcting misconceptions. 

Quantitative Learning Outcomes 

After explaining the system implementation context, the next analysis evaluated the impact of using web-based 

educational games on student learning outcomes and learning efficiency. This analysis was conducted by comparing 

data before and after the learning intervention using educational games. Based on the results of quantitative analysis 

and observational findings following the implementation of web-based educational games in fourth-grade elementary 

school mathematics, the research focused on two main indicators: learning efficiency and student interest in learning. 

Analysis of learning outcomes showed a consistent increase after the implementation of web-based educational games. 

The average pretest score for students was 62.34, with a standard deviation of 8.12, indicating a relatively moderate 

level of initial concept mastery. After the learning intervention using educational games, the average posttest score 

increased to 78.91 with a standard deviation of 7.45. A paired-sample t-test confirmed that the difference was 

statistically significant (t(31) = 9.27; p < 0.001), with a large effect size (Cohen's d = 1.64). These results indicate that 

the use of web-based educational games improves students' understanding of mathematical concepts. 

In addition to improving learning outcomes, learning efficiency has also improved significantly. The average time to 

complete learning tasks before using the educational game was 28.60 minutes. After the intervention, this time decreased 

to 21.40 minutes. Statistical tests showed that this decrease in task completion time was significant (t(31) = 8.11; p < 

0.001), with a large effect size (d = 1.43). This finding indicates that students were able to complete learning activities 

more quickly without reducing the quality of learning outcomes. Table 1 presents descriptive statistics on learning 

outcomes and task completion time before and after the intervention. 

Table 1. Descriptive Statistics of Learning Outcomes and Task Completion Time 

Variables N Mean Elementary School 

Pretest of learning outcomes 32 62.34 8.12 

Posttest of learning outcomes 32 78.91 7.45 

Task time before (minutes) 32 28.60 4.80 

Task time after (minutes) 32 21.40 4.10 

Regarding learning interest, the questionnaire results showed an average score of 4.21 on a maximum of 5, indicating a 

high category. Enjoyment scored highest, followed by attention and continued willingness to participate in the learning 

process. These findings indicate that students responded positively to game-based learning and showed strong interest 

in the presented activities. Table 2 presents a summary of students' learning interest scores based on the indicators. 
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Table 2. Student Learning Interest Scores Based on Indicators 

Indicator Mean Elementary School Category 

Attention 4.12 0.55 Tall 

Pleasure 4.34 0.51 Very high 

Sustainable will 4.17 0.58 Tall 

Total average 4.21 0.46 Tall 

Classroom observations corroborated the quantitative findings. During game-based learning, students demonstrated 

increased focus, active participation, and positive responses to system feedback. Student interaction with the learning 

material was more intense than in conventional learning, and engagement was relatively even across students. 

Discussion 

The results of this study provide empirical evidence that pedagogically designed web-based educational games can 

simultaneously improve elementary school students' learning efficiency and interest. The significant improvement in 

learning outcomes, accompanied by a reduction in task completion time, indicates that game-based learning media 

impacts not only cognitive achievement but also the quality of the learning process. From a cognitive perspective, the 

improvement in learning outcomes can be explained by the direct feedback mechanism and gradual challenges 

integrated into educational games. Immediate feedback allows students to quickly identify and correct errors, thereby 

reducing persistent misconceptions. The gradual challenges help students process material progressively based on their 

ability level, ultimately increasing information-processing efficiency. These findings align with the results of systematic 

reviews that emphasize the importance of quality instructional design in digital game-based learning, particularly in 

elementary education (Cai et al., 2022; Dan et al., 2024). 

The reduction in task completion time without a decrease in the quality of learning outcomes indicates that educational 

games serve as a tool to optimize students' learning strategies. In this context, learning efficiency is understood not only 

as accelerating activities but also as an indicator that students are able to understand the material with a more manageable 

cognitive load. These results support the view that game-based learning can facilitate more effective learning when 

game elements are designed in alignment with instructional objectives (Pando Cerra et al., 2022). From an affective 

perspective, the high learning interest scores indicate that web-based educational games can activate students' intrinsic 

motivation. The fun and challenging elements in the games encourage students to stay engaged in learning without 

feeling stressed. This finding is consistent with meta-analyses of gamification, which report that game elements can 

increase student motivation and engagement, though the effects are highly context- and design-dependent (Li et al., 

2023; Slamet & Meng, 2025). 

However, the results of this study should be interpreted with caution. The observed increase in learning interest and 

efficiency could potentially be influenced by the novelty effect, given that using educational games is a new experience 

for students. Therefore, the long-term effectiveness of this medium needs to be tested through further research with a 

longitudinal design and a control group. Furthermore, this study remains limited to a single subject and a single school 

context, so the generalizability of the findings warrants further study. Overall, this discussion confirms that the success 

of educational games lies not solely in their entertainment value but rather in the alignment among game design, learning 

objectives, and outcome-based evaluation. With the right design approach and measurable evaluation, web-based 

educational games can be an effective and relevant learning strategy for elementary education. 

Conclusions and Suggestions 

Conclusions 

This study shows that the development of a web-based educational game designed with a pedagogical approach can 

have a significant positive impact on the learning efficiency and interest of elementary school students. Improved 

learning outcomes, accompanied by a reduction in task completion time, indicate that game-based learning media not 

only contributes to cognitive achievement but also optimizes the learning process. In other words, learning becomes not 

only more engaging but also more effective in utilizing students' time and effort. 
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From a cognitive perspective, the significant increase in post-test scores indicates that in-game learning mechanisms 

such as immediate feedback and incremental challenges support a deeper understanding of mathematical concepts. 

These results reinforce the finding that quality instructional design is a key factor in the success of digital game-based 

learning in elementary education. Increased learning efficiency indicates that students are able to process information 

with a more manageable cognitive load, resulting in more focused and productive learning. From an affective 

perspective, the high learning interest score confirms that web-based educational games can activate students' intrinsic 

motivation. Learning that is perceived as enjoyable and challenging encourages active engagement and a positive 

attitude toward learning activities. These findings demonstrate that educational games function not only as 

entertainment but also as pedagogical tools that can strengthen student engagement in learning. 

Methodologically, the application of a design and development research approach allows for a clear link between needs 

analysis, media design decisions, and measurable learning outcomes. This contributes to the study of learning media 

development by placing learning efficiency and learning interest as the primary evaluation indicators. Thus, this 

research provides an empirical basis for suggesting that web-based educational games can be used as supporting media 

for mathematics learning in elementary schools if systematically designed and evaluated. 

Suggestions 

Based on the findings and limitations of this study, several suggestions can be put forward for further development and 

research. First, further research is recommended involving a larger number of subjects and more diverse school contexts 

to increase the external validity and generalizability of the findings. The use of an experimental design with a control 

group can also strengthen causal conclusions regarding the effectiveness of web-based educational games. Second, 

further development of educational games can expand the scope of learning materials. Third, future research is 

recommended to examine the long-term impact of educational game use on knowledge retention, the development of 

learning strategies, and students' attitudes toward learning. Fourth, from a practical perspective, teachers and schools 

need support in integrating educational games into regular learning to ensure their use is not sporadic. Educational 

games should be positioned as part of a planned learning strategy, not simply as an additional activity. With this 

approach, web-based educational games have the potential to become a sustainable, innovative solution for improving 

the quality of learning in elementary schools. 
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