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Abstract: Current, technology is the most important for the daily life. In education, 

technology is the most context in learning style. Game is one technology that previous study 

found that game can promote student learning because game have important property to 

engagement and funny. Therefore, the research has two studies. The first study, to design 

and development of digital game-based learning (DGBL). The second study, the objective 

of this study to evaluate of DGBL. Research found that DGBL’s effectiveness in learning 

Science and Mathematics. DGBL motivated learners’ motivation and supported their 

understanding of content, even though the nature of them is complex and hard to understand. 
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1. Introduction 
 

Technology plays important roles in daily life and its significant factors attributed to change the 

aspects of education in the 21st century. Almost new generations get involved in technology and 

applied it to support learning in the future. It stimulates learners to be automatically digital learners 

and assists them to acquaint with technological rapid technology. Education institutes have 

attempted to incorporate technology into the classroom to make changes and deliver learning and 

teaching. Technology enables to capture learners’ attention and motivate digital natives as Gen Z. 

They develop their understanding and accommodate their misconception to learning, Mathematics, 

and Science, particularly (Kärrqvist,1985). The general natures of these subjects are absolutely 

complex and abstract. Students are lack of motivation and unwilling to participate in learning 

because of their difficulty.  Additionally, It requires students’ efforts to deal with intricate 

problem-solving. Learning Mathematics and Science context found that methodology mostly 

applied in teaching is implication and knowledge transfer. Learning content directly transfer to 

learner and students receive that knowledge. Especially, teaching Mathematics teachers provides 

questions and then students focus on the teacher's problem. Teaching science needs a laboratory 

room and experimental tools for the experiment, but they are built in some schools. Specialist 

teachers for teaching science and know how to apply the tools in the laboratory are sufficient. As a 

result, teaching is mostly orientation. Students miss opportunities to participate in the experiment, 

tool application, and full part of learning activities. These attributed to the lower average of learning 

Mathematics and Sciences achievement.  

Digital game-based learning is a technological integration into translate content and concept of 

learning. It can help to promote student learning in classroom and promote student motivation in 

learning science (Liu, Cheng & Huang, 2011). The impact of games on learning have resulted in 



conflicting findings depending on what criteria for inclusion and exclusion of articles were used, 

and which outcome variables were considered. These decisions were influenced by the authors’ 

theoretical approach to the use of digital games for learning. Among these approaches, two are 

particularly prominent: a cognitive perspective (Blumberg, 2011; Fletcher & Tobias, 2005; Mayer, 

2005; Shute, Ventura, & Ke, 2014; Spence & Feng, 2009) and a sociocultural perspective (De 

Freitas, Rebolledo-Mendez, Liarokapis, Magoulas, & Poulovassilis, 2010; Shaffer, 2006; Squire, 

2008, 2011; Steinkuehler, Squire, & Barab, 2012). Depending on which perspective is taken, 

games are considered either environments that are motivating but likely to require excess amounts 

of information to be processed by the learner (cognitive perspective) or, conversely, approaches 

that provide the rich contextual information and interactions needed for learning in the 21st 

century. Moreover, technology can help student to learn in a meaningful by linking their prior 

knowledge to new knowledge and can apply the new knowledge for daily life (Jonassen, 1997). In 

previous research found that technology can use to support learners to understand the concept of 

learning science in a more meaningful and understandable way. In term of physics technologies 

can improve student to understand in complicate and abstract content (Srisawasdi & Kroothkeaw, 

2014). However, teachers’ perspectives on digital game-based learning are entertainment purpose 

and students neglect to emphasize to its complex content. As a result, this research is to design 

methodology that integrates learning theory, brain theory, and technology characteristics to 

develop digital game-based learning. The design is to increase motivation and understanding of 

Mathematics and Science learning.  

 

 

2. Theoretical framework  
 

Researcher had reviews related literature to create a theoretical framework for designing digital 

game-based learning. The theory study revealed learning that is fun appears to be more effective 

(Lepper & Cordova, 1992). Also, Quinn (1994) argues that for games to benefit educational practice 

and learning, they need to combine fun elements with aspects of instructional design that include 

motivational, learning and interactive components. Nonetheless, the elements of instructional design 

not only focus on entertaining purpose, but it also aims to develop learners’ higher thinking. 

 

2.1 Constructivism Learning Environment 
 

Learning theory is principles that describe human learning to acquire knowledge and abilities. 

Jonassen and others (2003) proposed that human has constructed knowledge when they are 

stimulated with certain conflicts, questions, and learners’ curiosity. Knowledge construction is the 

process of cooperating between what is to be learned and what is observed in real life. In the other 

words, Teaching is not a vital process in which knowledge is constructed because learners are unable 

to expect what teachers know and their knowledge is not utter transferability to learners. Therefore, 

environment learning management is the important process to construct knowledge and knowledge 

representation. Meaningful models derived from learners' experiences, action and reasonable 

decision making. This concept is applied to develop learning Science and problem-solving 

mathematics (Looi, et al, 2005; Jonassen, et al, 2011). 

 

2.2 Model-Based Learning 
 

The significant learning approaches with model comprised of 2 modelling: functional-pragmatic 

approach and a constructivist approach. These approaches are used to create a learning modeling 

because of their relevance to mental model. Modeling as a process is also important because it is one 

of the most concept engaging cognitive process that can be performed. Solving design problems are 

potentially more engaging, however, technology to date better afford modeling process than 

designing activities which are less constrained and more complex. Mayer (1989) assumed that 

learners have more opportunities to create a systematically mental model when they are treated with 

modeling instruction. Modeling is used as a clue to problem-solving and enables to connect to other 

contextual problems. The learning model has its effectiveness in understanding development and 



problem solution in learning complex and abstract subjects. According to more than 100 researches 

in mental model, it revealed that pre-learning and during learning information model preparation has 

substantial efficiency and effectiveness to assist learners creating a mental model (Mayer, 1989; 

Jonassen & Henning, 1999). Discovery-based modelling is a method and applied to develop a 

mental model in learning and teaching Mathematics and Science (Lehrer& Schauble, 2000; Penner, 

et al, 1997). 

 

2.3 Brain-Based Learning  
 

Brain-Based education applied the results of neuroscience and how the brain works to be an essential 

ground in learning design. Based-based research studies about sensory perception attention, memory 

and emotion that affects learning (Goleman, 1997; Sprenger, 1999). The significant findings are 

applied to be a ground of learning design. Learning atmosphere is created by compatibly integrating 

knowledge and emotions; positive emotion refers to happiness, self-confident and self-valued, for 

example. Amygdala enables to pass emotions to the hippocampus. The content design is necessary 

to connect learners’ prior experience at easing understanding content. Another is learning 

management that needs to support learners’ independent, feel free of controlling and promote to 

learn by doing (Caine, et al, 1994). The understanding of executive functions’ working is also 

important. Executive functions (EFs) are brain-based cognitive skills that facilitate critical thinking 

and self-regulation. Executive functions call upon the prefrontal cortex of our brains to help with 

goal-setting and decision making. These skills include flexibility, focus, organization, planning, 

self-awareness, self-control, time management, and working memory (Diamond, 2013). 

 

2.4 Game-Based Learning 
 

Definitions of game-based learning mostly emphasize that it is a type of game play with defined 

learning outcomes (Shaffer, Halverson, Squire, & Gee, 2005). Usually it is assumed that the game is 

a digital game, but this is not always the case. A corollary to this definition is that the design process 

of games for learning involves balancing the need to cover the subject matter with the desire to 

prioritize game play (Plass, Perlin, & Nordlinger, 2010). This corollary points to the distinction of 

game-based learning and gamification. What exactly is meant by gamification varies widely, but one 

of its defining qualities is that it involves the use of game elements, such as incentive systems, to 

motivate players to engage in a task they otherwise would not find attractive. Similarly, there is an 

ongoing debate among scholars as to the exact definition of a game, and especially what is not a 

game. One definition defines a game as “a system in which players engage in an artificial conflict, 

defined by rules, that results in a quantifiable outcome” (Salen & Zimmerman, 2004). Consider as an 

example the gamification of math homework, which may involve giving learners points and stars for 

the completion of existing activities that they consider boring. Game-based learning of the same 

math topic, on the other hand, even though it may also include points and stars, would involve 

redesigning the homework activities, using artificial conflict and rules of play, to make them more 

interesting and engaging. 
 

 

3. Methodology 
 

3.1 Research Framework  
 

This research has designed the research as shown in the following diagram. 



 
Figure 1. Research framework 

 

3.2 Data Collection and Analysis 
 

The study divided into 2 phases, (1) Product design and development: researcher design and develop 

the product by surveying learners’ learning context and their characteristics in learning. The 

population of this study was Grade 6th students of Elementary School in the number of 90 people. A 

test and questionnaire used learning-based theory to design. Data derived from Learning 

achievement and perception and knowledge background of learning Science and Mathematics, 

being synthesized to be a design framework for game-based digital learning. A framework was 

scrutinized by 5 experts and then researcher created game-based digital learning. (2) Product 

evaluation: Researcher brought the product to experiment in the real classroom to evaluate with 

Grade 6th students of Elementary School in the number of 41 people. In organizing activities, DGBL 

is used as a learning tool in learning plan in the flipped classroom designed by teacher. DGLB was 

used in Pre-class and Post-class to review learners’ content comprehension. The research tools 

comprised of opinion survey form, comprehension and motivation test form, experts’ tool 

evaluation form. The data was calculated by statistics. 



 
 
Figure 2. Illustrated data collection and students learning with digital game-based learning  
 

3.3 Digital Game-Based Leaning  
 

The conceptual framework of DGBL design consisted of 5 principles, namely Knowledge 

engagement, Constructivism learning engagement, Cognitive, social engagement, Model-based 

engagement, and Brain’s executive function engagement. These principles were synthesized to be 

components of DGBL: (1) Context/task refers to problem representation to stimulate learners’ 

curiosity and exploration. (2) Learning mechanic refers to path design of game based-learning which 

emphasized on knowledge acquirement through a mission setting. (3) Incentive system refers to 

mission design to motivate and arouse learners’ emotion and challenge. (4) Scaffolding refers to 

assist design that learners apply to solve problems. (5) Aesthetic design refers to interface design to 

engage learner’s attention in activities. (6) Knowledge resource refers to information source to 

support learning and problem-solving. 



 

Figure 3. Illustrated Digital game-based learning (DGBL) framework 

 

Table 1 

An Example Screen Design of Digital Game-Based Learning 

Description Example Screen Design 
Illustrated DGBL interface for 

sciences and mathematics 

  
Illustrated context/learning task 

focused on the real context in 

order to motivate students to 

solve problems and inquiry 

knowledge. 

  
Illustrated DGBL Learning 

mechanic interface 

  
 

 

 

 

 

 



4. Result and Conclusion 
 

4.1 Result of experts’ evaluation 

 
According to bar chart above, it illustrated that total quality of DGBL was the highest level with the 

average of (  =4.59, S.D. =0.20). Context and task were  =4. 80, Aesthetic design and music was  

=4. 72 and learning progression was  =4.59 respectively. 

 

4.2 Students’ motivation on learning with DBGL 

 
According to bar chart above, it illustrated that total quality of DGBL was the highest level with the 

average of (  =4.59, S.D. =0.20). Context and task were  =4. 80, Aesthetic design and music was  

=4. 72 and learning progression was  =4.59 respectively. 

 

4.3 Students’ understanding on learning with DBGL 

 

Table 2 The displayed mean and statistic deviation of learners’ understanding assessment of 

learning Science. 
 

Grade Test Number Mean Percentage S.D. 

Grade 6th Pretest 41 7.54 18.84 2.85 

Posttest 41 21.17 52.93 3.65 
 

From table 1.1 above, it showed that the average of pretest and posttest of Grade 6th students of 

elementary school in learning Science in the topic of electricity. The average pretest and posttest 

were significantly different. The pretest was  = 7.54, S.D = 2.85 and pretest was  = 21.17, S.D = 

3.65. Importantly, the average of posttest increased. 



Table 3 The displayed mean and statistic deviation of learners’ understanding assessment of 

learning Mathematics. 
 

Grade Test Number Mean Percentage S.D. 

Grade 6th Pretest 41 13.41 33.54 4.94 

Posttest 41 22.76 56.89 5.20 

 

From table 2 above, it showed that the average of Pretest and Posttest of Grade 6th students of 

elementary school in learning Mathematics in the topic of Algebra. The average pretest and posttest 

were considerably different. The pretest was  = 13.14, S.D = 33.54 and pretest was  = 22.76, S.D = 

5.20. The posttest score increased when comparing to pretest score. 

 

4.4 Discussion and Conclusion 

 

According to the result above, it determined DGBL’s effectiveness in learning Science and 

Mathematics. DGBL motivated learners’ motivation and supported their understanding of content, 

even though the nature of them is complex and hard to understand.  DGBL’s design stimulated their 

challenge to problem-solving. These are consistent with research of Looi, et al, (2006), Jonassen & 

Marra (2011). Additionally, DGBL’s system creation continuously motivated learners’ curiosity and 

affected to their learning emotion (Sprenger, 1999; Caine, et al, 1994; Diamond, 2013).  The 

alteration of content-oriented presentation applied a model to ease at processing information. The 

application of model-based leaning principles helps to create a mental model to understand difficult 

and complex content (Lehrer & Schauble, 2000; Penner, et al, 1997). Based on the findings, it can be 

insisted that DBGL is a tool that supports unconfident learners in learning Science and Mathematics 

and able to apply in activities for Flipped classroom. Students enable to study from DBGL before 

learning and it is also used as a tool for reviewing comprehension after classroom activities. 
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