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Abstract—Mobile game-based learning is increasingly 

recognized for its potential to enhance academic outcomes, yet 

its application in addressing specific learning difficulties in 

Science—particularly Biology—remains limited. This 

developmental research aimed to develop and evaluate a mobile 

learning application targeting the least-learned competencies in 

Grade 7 Living Things and Their Environment (Biology). The 

Analyze, State the objectives, Select, Modify or Design 

Materials, Utilize materials, Require learners’ response, and 

Evaluation (ASSURE) instructional design model guided the 

development process with technology and media integration. 

Purposively selected learners from public secondary schools; 

experts in information technology, Biology, and language 

served as participants of the study. The identified least-learned 

competencies were: differentiating plant and animal cells; 

focusing specimens using a compound microscope; predicting 

the effect of population changes on ecosystems; predicting the 

impact of abiotic factor changes, and distinguishing sexual and 

asexual reproduction. In response, four mobile games were 

developed: MicroSim (simulation), PuzzCell (puzzle), 

ReproDefenders (adventure/role-playing), and PredicTerms 

(word puzzle). Evaluation results showed high acceptability  

(M = 3.79), with favorable ratings for game usability (3.83), 

mobility (3.62), gameplay (3.85), and learning content (3.88). 

Findings suggest that the developed mobile games are suitable 

for blended learning environments, enabling learners to engage 

with them. Unlike existing educational mobile games that 

address general science concepts, this study is novel in its 

targeted, evidence-based approach which embeds identified 

least-learned competencies in Biology into purpose-built, 

curriculum-aligned mobile games developed using the ASSURE 

model. 
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I. INTRODUCTION  

What context do you think will be produced if two 

disparate concepts of “games” and “formal learning” 

intersect? Incorporating these games in learning have always 

been known to provide an interesting and engaging learning 

experiences. This further caters and supports learners in the 

21st century with the integration of Information and 

Communications Technology (ICT) tools.  

ICT used in education pertains to the use of information 

and communication technology in educational setting to 

improve instruction and delivery of information and there has 

been also call for the integration of such tools in education, 

may it be in research or instruction. In the Philippines, in the 

study of Bonifacio [1], schools need to develop technology 

use guidelines. These guidelines should focus on pedagogical 

design for the effective use of ICT, justifying how and why 

technology is used. Thus, it all boils down to teachers’ 

knowledge, skills, and willingness to employ ICT effectively 

into the teaching and learning process. If properly used, ICT 

can create a positive impact on quality education by shifting a 

teacher-centered classroom to a learner-centered one through 

interactive approaches. This has been supported by 

researches focusing on how ICT has greatly improved the 

quality of education. For instance, ICT integration 

specifically targets building and development of 

problem-solving skills, information literacy, and the 

improvement of the teaching and learning process as a  

whole [2]. Furthermore, critical thinking, creativity, 

performance on classroom assessments, motivation and 

engagement in independent learning have been all shown to 

be enhanced by ICT-empowered learning environments [3].  

Another platform that has gained significant traction is the 

use of games or digital games through ICT tools. Games are 

seen to promote learning motivation and engagement, thus, 

surfacing an appeal for their integration in instruction [4]. 

Games, in itself, can provide a learning environment that 

promotes active learning, serve as motivational tools and 

learning technologies [5]. Using games as a technique in 

improving students learning is referred to as GBL. There are 

several areas in the teaching and learning process which GBL 

has remarkably improved and developed. Its effects on 

students’ cognitive abilities and behavior are 

well-documented. GBL is seen to have fostered students’ 

motivation and increased participation when it is designed to 

fit into subject matter instruction [6]. They are also 

empowered to cultivate their critical thinking and 

problem-solving skills and creativity through Game-Based 

Learning (GBL) [7]. Furthermore, game-based collaboration 

aids competency-based education in improving students’ 

skills, including problem-solving and critical thinking 

abilities [8]. 

Specifically, the usage of these games served as a mean to 

achieve specific objectives, facilitate the study of various 

subjects, and illustrate certain concepts which can have the 

potential to enhance the comprehension and retention of 

academic material [9]. Researchers considered this approach 

an innovative and effective strategy in delivering instruction 

and in the attainment of desired learning outcomes by 

lobbying to various factors known to be crucial in the 

teaching and learning process. For instance, Saba [10] 

recognizes that GBL is a functional learning approach and 

effective method in creating a more enjoyable process of 

enhancing learning and transferring knowledge through the 

use of technology better than the traditional approach. 

Immersive GBL environments have also been shown to 

improve students’ motivation and engagement, thereby 
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The birth of mobile game-based learning is derived from 

digital game-based learning. Mobile Game-Based Learning 

(MGBL) provides an engaging educational experience by 

combining the elements of mobile learning and game-based 

learning [12]. Just like game-based learning, MGBL 

promotes improved motivation and engagement in learning 

through entertaining techniques and platforms [13]. Using 

gamification through mobile devices provides a flexible 

learning experience to learners without the constraints of 

time and location, while boosting their learning motivation 

and participation [14]. These tools also facilitate the flexible 

distribution of educational material, enabling students to 

participate in learning activities at their convenience, 

regardless of time or location which overcomes traditional 

learning limitations and increases student engagement.  

As information technology and education continue to 

merge and evolve, mobile learning, grounded in the 

principles of GBL, is gaining popularity in the educational 

sector, however, certain gaps still persist to exist that need to 

be addressed. One is that the specific game elements that 

enhance learning, how games capture and maintain learners’ 

attention, and the various learning outcomes that can result 

from playing games remain areas where consensus has yet to 

be reached [9].  It shows that researches must be done to 

further know specific game features supportive of effective 

learning, helping the attainment of learning outcomes 

through gameplay. Another notable problem in the 

implementation of game-based learning is improper design of 

educational games, together with teachers’ reluctance to 

adopt new methods, and the technological disconnect 

between students and teachers [7]. 

It has shown that the current trend in the utilization of GBL 

became widespread with demonstrated effectiveness in the 

development of skills and acquisition of knowledge. Coupled 

with its effectiveness are challenges, limitations, and gaps 

which could be further given light with empirical evidence 

and addressed by future studies. While there are abstracts that 

provide valuable insights into the potential of game-based 

learning with ICT integration, they do not provide specific 

guidelines, instructional design, or best practices for the 

integration and implementation in educational settings. 

Although GBL demonstrates considerable potential, its 

efficacy in being integrated in the teaching and learning 

process could be enhance if it will be used as an approach in 

teaching least-learned learning competencies. Moreover, 

integrating instructional objectives within the game’s 

mechanics can aid in game design and enhance conceptual 

understanding [15]. 

However, it remains uncertain how effective game-based 

learning is in fostering real-world problem-solving skills 

within Science, Technology, Engineering, and Mathematics 

(STEM) education, highlighting a need for further insight 

into its influence on particular competencies [16]. Possibly 

because, according to Osman & Bakar [17], there are factors 

that hamper in the integration of games into educational 

setting, one of which is the lack of games designed for 

instruction tailored for teaching and learning processes in the 

classroom. Results from these studies also imply that further 

exploration on GBL custom designed on concepts under 

specific learning competencies and/ or learning objectives 

can serve as focus of research studies. 

Integrating GBL through ICT tools in the teaching and 

learning process in a certain learning area for classroom use 

requires the utilization of an Instructional Design (ID). One 

of the emerging IDs which had a significant similarity with 

Gagne’s instructional events is the ASSURE (Analyze, State 

the objectives, Select, Modify or Design Materials, Utilize 

materials, Require learners’ response, and Evaluation) Model. 

The model uses a six-step process to effectively integrate the 

use of technology and media into lessons to improve student 

learning. 

With such immense impact of GBL through digital and 

mobile platforms on learning, many learning areas have 

embraced the use of such approach to teaching and learning, 

one of which is Biology. Basic definition of Biology is that it 

is a field of science that deals with the study of life. It focuses 

on the study of living organisms or biotic factors, they 

interaction with each other and to their surrounding 

environment which are the abiotic factors [18]. By itself, it 

has a broad range of subdisciplines such as genetics, 

molecular biology, cellular biology, ecology, and 

biotechnology among others. Its nature makes it also 

complex and challenging due to the level of comprehension 

required to learn its concepts and the difficulties encountered 

by teachers and students in teaching and learning abstract 

concepts. With such complexity of its scope, it has been 

considered as a difficult subject due a number of factors. 

Topics in this subject contains complex process and 

conceptual changes that requires deep understanding making 

it hard to grasp [19]. Synonymous to these learning 

difficulties are the use of scientific terminologies and the 

complexity of the topics. Moreover, aside from the nature of 

the topic, teaching style is also one of the main learning 

problems which lead to reduced interest and motivation of 

learners towards the subject [20].  In the local context in the 

Philippines, the study of Cimer [21] identified five main 

reasons why students had difficulties learning these topics in 

Biology, namely, the nature of the topic, teachers’ style of 

teaching biology, students’ learning and studying habits, 

students’ negative feelings and attitudes towards the topic, 

and a lack of resources. In other words, while it is considered 

as an important field in science and a school subject, its 

nature makes it also complex and challenging due to the level 

of comprehension required to learn its concepts and the 

difficulties encountered by teachers and students in teaching 

and learning its abstract concepts. In particular, existing 
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improving behavior and cognitive learning outcomes [6]. 

These only shows that GBL can potentially create a platform 

where students can immerse themselves into learning, critical 

thinking, creativity, collaboration, and immediate 

feedback [7]. The integration of game-based techniques with 

ICT has been increasingly recognized as an effective tool for 

learning.  Digital platforms as ICT tools have been utilized as 

media of GBL integration. The use of these digital platforms 

to deliver a playful activity with the goal of attaining target 

learning objectives and improve teaching and learning is 

called digital game-based learning. The use of digital games 

has been of growing interest because of its ability to enhance 

teaching and learning at all educational levels [5].  The use of 

digital games has been recognized as an effective ICT tool in 

increasing students’ engagement and motivation in 

learning [11].



  

studies on game-based or mobile learning in Biology often 

address general concepts in science rather than empirically 

determined least-learned topics. This study addresses this gap 

by designing, developing, and evaluating a game-based 

mobile learning application focused on Living Things and 

Their Environment domain, thereby directly responding to 

identified least-learned competencies in LTE through a 

curriculum-aligned and evidence-based approach. 

The selection of Living Things and Their Environment as a 

domain in science as the content focus of the game-based 

mobile learning application, rather than Chemistry or Physics 

is grounded on several educational and practical reasons. 

Even though Chemistry and Physics are, indeed, complicated 

fundamental sciences, Biology often serves as a foundational 

subject where concepts from both chemistry and physics are 

also integrated. Biology’s inherent interdisciplinary nature 

makes it an ideal subject for demonstrating the 

interconnectedness of scientific disciplines, fostering a more 

holistic understanding of scientific principles and improving 

students’ ability to apply interdisciplinary skills across 

various STEM fields [22]. Furthermore, the choice of 

Biology is strategically linked to student participation and 

interest. Biology is often perceived by students to be more 

entertaining and less intimidating than chemistry and physics, 

which are frequently viewed as more abstract and 

quantitatively demanding [23]. Our application seeks to 

foster a greater understanding and enthusiasm for scientific 

investigation by capitalizing on this inherent interest. 

Furthermore, an educational approach that includes active 

learning and problem-based approaches into biology teaching 

can considerably improve critical thinking and 

problem-solving abilities [24, 25]. These abilities are critical 

for addressing challenging scientific challenges across all 

disciplines, so Biology is a good starting place for building 

such capabilities in a more accessible and engaging manner. 

The existing educational landscape in the Philippines 

demonstrates a critical need for measures to improve science 

education, particularly in biology. Despite the emphasis on 

Biology in the K-12 Enhanced Basic Education Curriculum, 

a major challenge remains: children consistently show low 

academic achievement in this subject [26]. This alarming 

tendency is supported by the Philippines’ performance in 

international evaluations such as the PISA 2018, in which the 

country scored lowest in Science among all participating 

countries [27]. These findings highlight a significant gap in 

the effective delivery and assimilation of biological ideas 

among Filipino students. 

One key factor that contributes to this academic challenge 

is about knowledge retention and conceptual understanding 

in Biology. Studies have consistently shown that these two 

components are essential for efficient subject learning [26]. 

To solve these inadequacies, creative instructional 

approaches are required. Research has shown that strategies 

like the 7Rs of brain-friendly teaching and strategic 

technology integration can significantly improve students’ 

conceptual grasp of complicated biological topics like 

photosynthesis and cellular respiration [26]. As a result, 

developing a game-based mobile learning application in 

Living Things and Their Environment for Grade 7 students is 

a timely and critical endeavor that directly addresses 

identified educational needs while also aiming to improve 

learning outcomes in Philippine science within the Philippine 

context. 

The participating schools in the study were all public 

secondary schools of the Department of Education in the 

Schools Division of Iloilo, Iloilo Philippines. During the 

conduct of the study, the researcher also considered the 

emergence of the highly contagious COVID-19 which posed 

unprecedented threats to the established educational setting. 

Aside from these, the country is also prone to various natural 

hazards that could lead schools to shift to distance learning 

modalities. These include typhoons, floods, changes in 

rainfall patterns, high heat index, and earthquakes. These 

natural events can cause damage to school infrastructures and 

houses, disrupt transportation, and pose threats to students’ 

safety even in school. For the Department of Education 

(DepEd), schools must find ways for learning to continue 

amidst the threat and uncertainties brought by these 

biological and natural hazards, while ensuring the health, 

safety, and well-being of all learners, teachers, and personnel 

of the Department. DepEd embarked on the development of 

the Basic Education – Learning Continuity Plan (BE-LCP) to 

enable learners of Basic Education to continue learning, and 

for teachers to be able to deliver instruction in a safe work 

and learning environment, particularly amid the threat of 

different Learning Delivery Modalities suggested in the 

BE-LCP namely, face-to-face, distance learning (Modular 

distance learning and online distance learning, TV/ 

Radio-based Instruction), blended learning, and 

homeschooling. Modular learning is the most widely used 

modality and it is more operative in the teaching-learning 

method as equated to usual teaching approaches because in 

this modular approach, the students learn in their own stride 

[29]. On the other hand, online learning might have been a 

sub-optimal substitute for face-to-face instruction, especially 

so in the absence of universal access to infrastructure 

(hardware and software) and lack of adequate preparation 

among teachers and students for the unique demands that 

online teaching learning posed. With the flexibility and 

accessibility of learning that ICT tools can provide, most 

particularly of mobile phones or devices, game-based 

learning and mobile learning were infused together that lead 

to the development of a mobile game-based learning 

application in order to fit into the distance learning 

modalities. 

So to summarize, with such studies supporting the 

effective role of ICT in the teaching and learning process, 

presenting the pedagogical significance of game-based 

learning in promoting students’ learning and claiming the 

difficulties encountered in learning Biology and the concepts 

in Biology which the students had difficulty in dealing with, 

this study recognized such needs by incorporating ICT 

through the use of a game-based mobile learning application 

through the ASSURE instructional design in Biology, 

specifically in the Living Things and Their Environment 

domain of the Junior High School Science curriculum. 

Furthermore, this study could mitigate the effects of the 

challenges posed by online and modular distance learning to 

students through the use of a mobile game-based learning 

application which would supplement the distance learning 

modalities used in learning Grade 7 Living Things and their 
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Environment. The integration of such specific ICT tool 

would provide learners the opportunity to learn Living 

Things and Their Environment in a fun, challenging, and 

self-controlled way. 

This study uses Constructivism and Experiential Learning 

theories to develop a game-based mobile learning application. 

Constructivism considered learning to be an active, 

constructive process. Constructivists viewed the learner as an 

information constructor: individuals actively construct or 

create their own subjective representations of objective 

reality [30]. In relation to the theory of constructivism, the 

development of a mobile game-based learning application 

using the ASSURE instructional design model promoted the 

learner’s active participation in constructing knowledge by 

thinking, doing, and interacting with the simulated 

environment presented through the mobile game-based 

application. This knowledge construction process had shifted 

along with the advancement of multimedia, gaming, and 

Internet technology. With game-based learning, students had 

to analyze the perceived information and context in the 

games proactively and then had to apply their existing 

knowledge and skills to formulate strategies, make decisions, 

and then examine results.  

In relation to this study, experiential learning forms a 

foundation of game-based learning in which learners’ 

imagination, motivation, and cognition are harnessed by 

creating a world to explore challenges, achieving defined 

learning outcomes, reflecting upon their experiences, and 

creating new knowledge through transforming game 

experience. Another notable relation between experiential 

learning and game-based learning is reflection, which leads 

to the construction of new concepts. The new concepts were 

tested through active experimentation and as a result, 

experiential learning became critical in the process of 

transferring knowledge gained during the game-based 

learning event. Dewey [31] stated that experiences were a 

result of the interplay between the present situation and past 

experiences. Game-based learning must be designed to create 

interesting experiences for the learners with corresponding 

learning outcomes. It was therefore suggested that 

experiential learning could be used as a theoretical 

foundation for game-based learning theoretical framework 

behind game-based learning. 

The results and findings of this research study could be 

useful for science teachers and learners in junior high school, 

particularly those teaching and learning Living Things and 

Their Environment, respectively. This suggests the possible 

adoption of the process of developing game-based learning 

material with the use of digital tools, tailored from the 

identified learning competencies and content, adapting to the 

needs of 21st century learners. Consequently, curriculum 

developers and designers can also take inspiration form the 

findings of this study to review and make necessary revisions 

to cater innovations in the teaching and learning of science. 

This study aimed to design and develop a game-based 

mobile-learning application from the least-learned learning 

competencies of learners and the most difficult competencies 

to teach by teachers in Grade 7 Living Things and Their 

Environment. Specifically, this answered the following 

research questions: 

1) What are least-mastered learning competencies in Grade 

7 Living Things and Their Environment, as identified by 

learners?   

2) What game-based mobile learning application can be 

designed and developed from the identified learning 

needs and gaps of learners in Grade 7 Living Things and 

Their Environment?  

3) What is the acceptability level of the developed mobile 

game-based learning application as a supplementary 

learning material, evaluated in terms of Game Usability 

(GU), Game Mobility (GM), Game Play (GP), and 

Learning Content (LC)? 

4) What are the perceptions and experiences of learners 

regarding the use of the game-based mobile learning 

application as a supplementary material for learning 

Living Things and Their Environment? 

The organization of this paper is outlined as follows: The 

methodology section provides details on research 

participants, how they were dealt with ethical considerations, 

research instruments used for data collection, data collection 

and data analysis procedures, and the use of ASSURE 

instructional design model. The results and discussion 

section is subsequently presented, culminating in the 

conclusion. 

II. MATERIALS AND METHODS 

This study which utilized developmental research, aimed 

to develop and evaluate a mobile game-based learning 

application based on the learning and teaching difficulties in 

Grade 7 Living Things and Their Environment (LTE) of the 

K to 12 Junior High School Science Curriculum. Moreover, 

this was guided by the ASSURE (Analyze earners, State the 

objectives, Select, modify or design media and Materials, 

Utilize Media and Materials, Require learners’ response and 

participation, and Evaluate) model. The ASSURE model is 

widely used to integrate technology into teaching. It helps 

educators design and implement instructional activities that 

leverage digital tools to enhance learning outcomes. To 

achieve, quantitative methods, (including descriptive 

statistics through mean percentage scores, means, standard 

deviation, and frequency count) used in identifying 

least-learned competencies and evaluating the learning 

application’s acceptability, and qualitative methods such as 

semantic thematic analysis of open-ended questionnaire 

responses were utilized. 

Developmental research is a systematic approach to the 

design, development, and evaluation of instructional and 

non-instructional products and instruments, as 

conceptualized by Richey and Klein [32]. This methodology 

is primarily concerned with the establishment of empirical 

foundations for the development of these tools and models, 

thereby guaranteeing their efficacy and efficiency in 

real-world applications [33]. This methodology also 

emphasizes an iterative process where initial design 

principles are continuously refined based on feedback and 

real-world application. It is also defined by Wang and 

Hannafin [34], “it is a systematic but flexible methodology 

aimed to improve educational practices through iterative 

analysis, design, development, and implementation, based on 

collaboration among researchers and practitioners in real 

world settings, and leading to contextually-sensitive design 

principles and theories”. Furthermore, according to Klaassen 
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comprehensive development and assessment, focused on 

content-specific exemplary teaching-learning sequences.  

Specifically, this research is categorized under the Type I 

developmental research. According to Richey and Klein [32], 

Type I developmental studies focus on the development of a 

specific instructional product, program, process, or tool. This 

type of research reflects an interest in the goal of identifying 

either general principles or context-driven suggestions. At 

times, validation of a particular design or developed material 

or tool is being addressed, thus, evaluation is also part of the 

process aside from product design and development. 

Likewise, the purpose of this study to design, develop, and 

evaluate of a game-based mobile learning application that 

can be used as a learning material in teaching and learning the 

Science domain Living Things and Their Environment.  

This study was further guided by the ASSURE model. This 

model, developed by Heinrich et al. [36], necessitates that 

educators remain informed about new and emerging 

technologies that may prove more effective. It integrates the 

use of technology and multimedia in planning a lesson to 

enhance the learning environment [37]. Similarly, this was 

used in the study to design and develop a game-based mobile 

learning application as a learning that can make the learning 

environment more efficient and conducive with the 

integration of technology. 

A. Research Participants 

Respondents. Seventy-three Grade 8 students from a 

public secondary school in the Division of Iloilo where the 

researcher was teaching served as the respondents of the 

study. In response to the health-related concerns of the new 

normal right after the pandemic, the school adopted the 

modular distance learning modality in which the students 

were divided into sections based on the barangay where they 

were residing. This type of sectioning was implemented for 

the smooth distribution and retrieval of printed modules and 

students’ outputs and the easy monitoring of students by their 

respective advisers. These participants were from the three 

barangays nearest to the school and only those whose parents 

had given their consent to let their children participate were 

included. Grade 8 learners were chosen to be assessed in 

determining the least-learned learning competency in Grade 

7 LTE domain because the study was conducted during an 

academic period when current Grade 7 learners had not yet 

covered this domain in the Grade 7 Science, whereas Grade 8 

learners had recently completed it in the previous school year 

and grade level and could reliably reflect on their experiences 

with the material.  

During the implementation stage, a class of twenty (20) 

Grade 7 regular class learners was utilized. They were 

subjected to instruction under a teacher implementer and 

were given the opportunity to use the developed learning 

material. Since it was at that time that limited face-to-face 

learning modality was implemented, a maximum of 20 

students were only allowed inside the classroom. Another 

criterion in selecting these Grade 7 participants was that they 

must own an android mobile phone. These same twenty (20) 

Grade 7 learners were also the ones who evaluated the 

acceptability of the learning material from the perspective of 

a learner. 

Evaluators.  The researcher worked collaboratively with 2 

Information Technology (IT) faculty, two science/ biology 

curriculum experts, and one language expert in order to 

establish the quality of the developed material by serving as 

validators and evaluators. They selected purposively in a 

manner considering how their proficiency and expertise 

would match the different aspects of the material to be 

evaluated. As validators, they checked the initial protoype 

prior implementation, and as evaluators, they assess the 

acceptability of the material. After the first version of the 

material was developed, it was then subjected to validation 

by these experts which paved the way for its refinement 

through their valuable insights and suggestions. 

Consequently, the enhanced version then, again underwent 

evaluation with an adapted questionnaire with specific 

criteria to which the assessment will be based upon. Overall, 

their comments and suggestions insightfully guided the 

designing and developing process of the game-based mobile 

learning application, and even in furthering the extent of its 

quality as a learning material.  

Ethical Considerations. In conducting this study, certain 

ethical norms were conscientiously considered. The 

following ethical principles were employed to make sure that 

research participants were free from any harm: (1) 

Participants–73 Grade 8 learners, 20 Grade 7 learners, 

teachers, and experts - were fully informed of the purpose and 

procedures of the study, which was to design, develop, and 

evaluate a game-based mobile learning application and were 

invited to participate voluntarily without pressure or coercion. 

(2) Anonymity was maintained by assigning unique 

identifiers to participants and excluding personal details from 

data analysis and reporting. (3) Prior to data gathering, 

permits to conduct the study were obtained from the schools 

division superintendent and school administrators. (4) 

Consent form and assent form were accomplished by parents 

and student-participants, respectively. (5) Any data and 

information provided by the participants were treated with 

utmost confidentiality, stored securely on 

password-protected devices, and used exclusively for 

research purposes, with access restricted to the research team. 

These measures safeguarded participants from harm and 

upheld ethical standards throughout the study. 

B. Data Gathering Instruments 

The following are the different instruments were employed 

to the participants to gather the needed data necessary 

towards the development of a game-based mobile learning 

application in LTE. A summary of these instruments is 

shown in Table 1. 

Grade 7 Living Things and Their Environment (LTE) 

Competency Test. This 50-item researcher-made 

multiple-choice instrument covers the twelve learning 

competencies of Grade 7 Living Things and Their 

Environment. The instrument was constructed with a Table 

of Specifications to determine the distribution of the number 

of items among the learning competencies. The test items 

underwent face and content validation by university experts. 

It has undergone pilot-testing in an intact group of regular 

class students in a secondary school within the same Schools 

Division to establish its reliability and was determined using 

Kuder Richardson 20 or KR 20 and indicated an alpha level 

of 0.89 reliability coefficient, indicating that the test was 

reliable. This set of students was excluded in the actual 
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assessment of least-achieved competencies in Grade 7 LTE. 

From a 60-item multiple choice test, it was trimmed down to 

50 items. This occurred because certain items in each 

competency did not satisfy the specified discriminant 

coefficient of 0.20 or higher. Moreover, tests that have high 

internal consistency include elements having a positive 

relationship with the overall test outcome. Because of the 

many items and total score distributions, the discrimination 

index values rarely exceed 0.50 in practice. Item 

discrimination is considered good if the index exceeds 0.30, 

acceptable if it is between 0.10 and 0.30, and bad if it is less 

than 0.10. [38]. 

Each item is worth one (1) and the test scores gathered 

from students were analyzed to determine the least-learned 

learning competencies using frequency and mean percentage 

scores. The top three learning competencies with the lowest 

frequency served as the focus of the learning of the games to 

be included in the mobile application. 

Questionnaire on Learners’ Mobile Game Type 

Preference. This researcher-made, administered to the same 

73 Grade 8 learners, consisted of one checklist-type item 

designed to determine possible game types that would guide 

the researcher in designing the mechanics of the games to be 

included in the mobile application. Learners were simply 

asked to identify their top three preferred (3) game types or 

formats. Game formats used in the questionnaire as options 

were intersections of most popular games according of Gros 

[39] and Connolly [40], namely, strategy, puzzles, role 

playing, action, adventure, simulation, fighting, and sports 

games. 

To establish content validity, the instrument was reviewed 

by university experts who also validated the other research 

instruments. Criteria such as relevance to the target learners, 

clarity of options, comprehensiveness of game types, and 

alignment with educational game-based learning principles. 

Feedback included minor suggestions for simplifying 

language, which were incorporated into the final version. No 

major revisions were needed. Because the instrument 

contained only one checklist-type item, internal consistency 

reliability measures were not applicable. Instead, the study 

relied on expert validation and face validity to ensure the 

instrument’s reliability and suitability for capturing learners’ 

mobile game type preferences informing the game 

development process in this developmental study. Frequency 

counts of selected game types informed the design of the four 

games. 

Game-based Mobile Learning Material Evaluation 

Form. Adapted from Scepanovic et al. [41], this research 

instrument was used to evaluate the acceptability of the 

developed material. Two (2) IT faculty, three (3) science 

curriculum experts, and one language expert used this form to 

ensure the quality of the developed material by serving as 

validators and evaluators. Information such as evaluators’ 

name (which they may opted not to write), instructions on 

how to evaluate, and indicators for the different criteria were 

included in the instrument. Major criteria namely, Game 

Usability (7 items), Game Mobility (3 items), Gameplay 

components (8 items), and Learning Content (4 items) 

components with specific indicators were rated either as 

“Very Acceptable (VA) – 4”, Acceptable (A) – 3”, 

“Moderately Acceptable (MA) – 2”, or “Barely Acceptable 

(BA) – 1” and were interpreted using mean and standard 

deviation. Sample items include “Game controls are 

convenient and flexible and game is adapted to my screen 

size” (Game Usability); “The game and play sessions can be 

started quickly.” (Game Mobility); “The players are 

rewarded and rewards are meaningful.” (Game Play); and 

“The game provides learning content.” (Learning Content. 

Open-ended questions were also asked to probe evaluators’ 

perception and experience in using the mobile application 

and was analyzed using thematic analysis. 

Open-ended Questionnaire. This tool collected 

qualitative data on perceptions and experiences of 20 Grade 7 

learners who used the game-based mobile learning 

application during the implementation phase. The guide 

included open-ended questions, “Did you find the mobile 

learning application useful? Why or why not?”; “Did the 

mobile learning application helped you in learning Living 

Things and Their Environment concepts? How?”; and “How 

did you find the following components of the 

mobile-game-based learning application? What can you say 

about its illustrations, layout, graphics, and color schemes?”. 

The questions were designed based on Kolb’s experiential 

learning theory, emphasizing reflection on learning 

experiences. The questionnaire was validated by the same 

expert panel (one Biology educator, one information 

technology expert, one instructional design expert) for clarity 

and relevance, with minor revisions to ensure 

age-appropriate phrasing. Responses were analyzed using 

semantic thematic analysis [42], focusing on explicit 

meanings in the data. The analysis followed six steps: (1) data 

familiarization, (2) generating initial codes, (3) searching for 

themes (e.g., engagement, content clarity, technical issues), 

(4) reviewing and refining themes, (5) defining and naming 

final themes to summarize students’ perceptions and 

experiences and (6) producing the report. This qualitative 

approach provided insights into the application’s impact in a 

blended learning context. 

 

Table 1. Summary of research instruments 

Instrument Participants Format Data Analysis 

Grade 7 LTE Competency Test 73 Grade 8 learners 
50-item researcher-made 

multiple-choice test 

Frequency, mean 

percentage scores 

Mobile Game Type Preference 

Questionnaire 
73 Grade 8 learners Single-item checklist (8 options) Frequency counts 

Game-based Mobile Learning 

Material Evaluation Form 

2 IT faculty, 3 Science/Biology Curriculum 

experts, 1 language experts 

22-item Likert scale with 1 

open-ended question  

Mean, SD, semantic 

thematic analysis 

Open-ended Questionnaire 20 Grade 7 learners Open-ended questions Semantic thematic analysis 

 

C. Research Procedure  

This developmental research study adhered to a structured 

methodological framework, guided by the principles of the 

ASSURE (Analyze the learners, State the objectives, Select, 

modify, or design media and materials, Utilize media and 

materials, Require learners’ response and participation, and 
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Evaluate) instructional design model as shown in Fig. 1. The 

development process was systematically organized into 

distinct phases: Planning, Design, Validation, Revision, and 

Implementation, ensuring a rigorous and iterative approach 

to the creation and evaluation of the mobile game-based 

learning application. 

Fig. 1. The diagram of the design, development, evaluation of the 

game-based mobile learning application guided by the ASSURE model. 

Planning Phase. Before conducting the entire 

data-gathering procedure of the study, a letter of permission 

was submitted to the Superintendent of the Schools’ Division 

of Iloilo. Included in the letter as a basic requirement was 

strict compliance with the minimum health and safety 

protocols during the data gathering to ensure the safety of the 

students and the teachers. Concurrently, permission letters 

were dispatched to the principals of the identified schools for 

pilot testing and subsequent data gathering, accompanied by 

the requisite approval from the Schools Division 

Superintendent. A foundational activity within this phase 

involved a comprehensive analysis and review of the Grade 7 

Living Things and Their Environment domain within the 

Junior High School Science Curriculum. This analysis served 

as the baseline for the construction of the Grade 7 Living 

Things and Their Environment Competency Test. The 

administration of this competency test to students, under the 

guidance of their respective advisers, facilitated the 

identification of least-mastered learning competencies. The 

mean and mean percentage scores derived from this 

assessment were instrumental in pinpointing the specific 

learning content to be integrated into the mobile game-based 

learning application. 

Design Phase. Following the identification of critical 

learning competencies, the design phase commenced with the 

conceptualization and development of the mobile application. 

This involved close collaboration with an information 

technology expert, specifically a mobile application 

developer/programmer, and a graphic designer. A 

preliminary paper draft detailing the learning content, design 

specifications, user interface layout, game mechanics, 

instructional guidelines, and software requirements was 

meticulously prepared. This draft was then submitted to the 

developer/programmer for approval, with careful 

consideration given to project timelines and the inherent 

complexity of development. Guidelines for the graphical 

elements to be incorporated into the mobile application were 

also suggested by the programmer to the researcher. Key 

components integrated into the mobile application included a 

central game menu and comprehensive game instructions. 

The game menu was designed to host four distinct mobile 

games; each developed in based on and in direct response to 

the identified least-learned competencies. The game 

instructions provided clear guidance on navigating and 

interacting with the mobile application, including specific 

directions for each individual game. With the guidance of the 

researcher and the developer, the graphic designer was 

responsible for the creation of logos for the individual games 

and the overall mobile application, as well as the digital 

rendering of characters, objects, and background visuals. The 

game developer/programmer undertook the technical 

development of each game and the overarching mobile 

application, utilizing appropriate coding languages and 

software development platforms. This collaborative effort 

underscored the meticulous approach to material 

development. 

Validation Phase. After synthesizing the parts and parcel 

of the mobile application, the prototype software of the 

material was developed. This prototype incorporated all 

fundamental functions and features envisioned for the mobile 

game-based application. This version served as the prototype 

where all the basic functions and features designed for the 

mobile game-based application were coded and other 

additional details and revisions suggested by the evaluators 

such as Biology experts, IT experts, and language experts 

were incorporated for the improvement of the material prior 

to implementation. The validation done by the experts and 

panel members served as bases to further improve the 

prototype. Their comments, suggestions, and feedbacks were 

essentially considered in the revision of the developed 

material for its improvement before its implementation to the 

target users.  

Revision Phase. The insights garnered from the expert 

validation process were crucial for refining the prototype. All 

additional details and revisions suggested by the evaluators 

were meticulously incorporated into the mobile application. 

This iterative revision process ensured that the developed 

material was robust, accurate, and aligned with expert 

recommendations prior to its broader implementation. 

Implementation Phase. Subsequent to successful 

validation and comprehensive revisions, the developed 

material was prepared for implementation. This phase 

involved the integration of the mobile application into a 

regular Grade 7 class, facilitated by a collaborating 

teacher-implementer. A detailed lesson guide was prepared 

for the teacher, outlining the effective utilization of the 

developed mobile application within the curriculum. The 

researcher worked closely with the teacher to prepare the 

lesson, which included supplementary instructional materials 

such as PowerPoint presentations and activity sheets. Key 

strategies for effectively integrating the mobile learning 

application into Grade 7 instruction were also identified. A 

single Grade 7 Living Things and Their Environment teacher, 

who expressed willingness to participate, was involved in the 

implementation of the material. 
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Evaluation Phase. During the implementation, the 

researcher keenly observed students’ engagement with and 

utilization of the mobile application games. Furthermore, 

students were invited to share their experiences, reflections, 

and recommendations through an open-ended questionnaire, 

providing qualitative insights into their interaction with the 

learning tool. Following the implementation, the developed 

material underwent a formal evaluation by both the learners 

and teachers who had utilized it. This evaluation assessed 

various aspects, including game usability, game mobility, 

gameplay components, and the efficacy of the learning 

content. 

III. RESULT AND DISCUSSION 

A. The Least-Learned Learning Competencies in Grade 7 

Living Things and Their Environment (LTE) 

The least-learned learning competencies were determined 

using percentage and rank. Based on the results, the top 5 

least-learned learning competencies were (1) focusing 

specimens using the compound microscope, (2) 

differentiating plant and animal cells according to the 

presence or absence of certain organelle, (3) predicting the 

effect of changes in one population on other populations in 

the ecosystem, and (4) predicting the effect of changes in 

abiotic factors on the ecosystem, and (5) differentiating 

sexual from asexual reproduction in terms of the number of 

individuals involved and similarities of offsprings to parents. 

Table 2 shows the ranking of the learning competencies in 

Grade 7 Living Things and Their Environment. These 

learning competencies are ranked from lowest to highest 

based on the percentage of the participants who answered the 

test items correctly under a specific learning competency. 

The results showed that learners have a good grasp of the 

concepts and competencies about cell as the basic unit of life, 

fertilization, and beneficial and harmful microorganisms. 
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Table 2. The least-learned learning competencies in Grade 7 living things and their environment

Learning Competencies Percentage (%) RANK

Differentiate plant and animal cells according to the presence or absence of organelles 31.7% 1

Focus specimens using the compound microscope 34.25% 2

Predict the effect of changes in one population on other populations in the ecosystem 36.30% 3

Predict the effect of changes in abiotic factors on the ecosystem 38.36% 4

Differentiate sexual from asexual reproduction in terms of: (a) number of individuals involved and (b) 

similarities of offsprings to parents
41.1% 5

Describe the different ecological relationships found in an ecosystem 42.00% 6

Describe the different levels of biological organization from cell to biosphere 47.48% 7

Differentiate biotic from abiotic components of an ecosystem 48.98% 8

Identify parts of the microscope and their functions 50.34% 9

Identify beneficial and harmful microorganisms 51.51% 10

Describe the process of fertilization 52.74% 11

Explain why the cell is considered the basic structural and functional unit of all organisms 54.79% 12

With regards to the identified least-learned competencies 

in Grade 7 Living Things and Their Environment, the 

findings align, corroborate, and are consistent with the results 

of previous research studies. 

Related literatures do not explicitly state or address that 

differentiating plant and animal cells as a difficult topic to 

learn or is least-learned. However, several studies did 

mention cell-related topics that possibly affects learners 

conceptual understanding and learning the difference 

between plant and animal cells. One is that of Chu’s [43] in 

Reddy and Mint [44] study which revealed that despite 

understanding cell concepts, students still lack clear 

knowledge about cell structures, which are crucial in 

distinguishing plant and animal cells. Understanding these 

structures can help students differentiate between sample 

cells. another important related finding was that students 

have difficulties seeing cells as three-dimensional structures 

rather than two-dimensional ones. This misconception can 

remain from elementary school through college if not clearly 

addressed [45]. Furthermore, it is interesting to note also that 

Students often commit to memory the names and locations of 

organelles without comprehending their functions or accurate 

positions within the cell. This results in inconsistent 

representations and a deficiency of coherence in their 

drawings [46]. Drawings and diagrams are instrumental in 

the development of understanding on the differences between 

plant and animal cells.

Focusing specimens under microscope requires learners to 

use active and hands-on use of a compound microscope. The 

result specifically in this part of the study was parallel to the 

findings of several pieces of literature which tackled the 

problems encountered in facilitating active learning and 

hands-on activities, particularly in the topic of Microscopy. 

Students frequently possess inadequate practical experience 

with microscopy, hindering their comprehension and 

application of principles such as contrast and resolution. This 

deficiency in practical expertise may impede their capacity to 

concentrate specimens properly [47]. Furthermore, class size 

is also a factor when Gould et al. [48] revealed that 

instructing large classes in microscopy techniques is 

notoriously challenging and that conventional approaches 

may lack the personalized attention required for pupils to 

effectively master focusing strategies. Ruščić et al. [49] 

corroborate this by identifying multiple factors that hinder 

the use of microscopes in biology education, including: 

inadequate microscope availability, an overloaded biology 

curriculum, spatial and storage constraints, absence of 

specialized classrooms, teacher uncertainty, excessive 

student numbers, and insufficient microscopic preparations. 

The study by Abas and Marasigan [50] revealed that schools 

with insufficient laboratory facilities impeded the execution 

of activities in the scientific module developed by the 

Department of Education. These encompassed the absence of 

a laboratory room, insufficient laboratory facilities and 

scientific apparatus, and malfunctioning laboratory 

equipment, among other issues. The aforementioned issues 
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were intensified by the adoption of distance learning modes 

during the COVID-19 pandemic. This pertains to the 

instructors’ concerns regarding the instruction of the learning 

skill related to focusing a specimen under the microscope. 

The availability of students to school facilities and equipment, 

as well as the possibility to perform demonstrations and 

hands-on activities, has been adversely impacted. Students 

lacked access to microscopes, preventing teachers from 

instructing them in the proper use and manipulation of the 

equipment. 

The learning competencies, namely predicting the impact 

of changes in one population on other species within an 

ecosystem and predicting the effects of changes in abiotic 

factors on the ecosystem, are delineated by principles in 

Ecology. Ozkan et al. [51] identified ecological principles as 

among the most important and difficult to master within the 

biology curriculum. Ecology is an intricate and extensive 

subject under Biology that encompasses individual species, 

the physical environment, and the interactions among 

organisms as well as between organisms and their 

environment. This indicated that teaching on Ecology 

entailed the concretization of concepts perceived by learners 

as inherently abstract. Students must engage either directly 

with the natural environment to observe firsthand the 

interactions within the ecosystem or utilize educational tools 

that replicate a comparable environment to enhance 

understanding of abstract topics. This necessitated the 

application of a suitable technique and resources in 

instructing ecology ideas that would enable pupils to witness 

real-world phenomena. Engaging with biology ideas in an 

outdoor setting positively influenced cognitive development 

[52]. This finding is supported by Baker [53] and  

Albedyll et al. [54] that comprehending ecological topics 

solely through textbooks is inadequate; experiential and 

practical actions are essential for enhanced understanding. 

Genetics encompasses the learning skill of distinguishing 

between sexual and asexual reproduction. In a larger sense, 

Chu’s [43] study found that beginning teenage learners’ prior 

understanding of genetics was generally weak, and alternate 

perspectives and misconceptions were common. In terms of 

teaching problems, Chavan [55] found that science teachers 

struggled to explain biology topics such as cell, sporogenesis, 

segmentation, scurvy, anemia, and asexual reproduction. In 

the same study, these challenges were linked to the lack of 

teaching aids, insufficient reference materials, the amount of 

time spent teaching, and the level of comprehension. Plant 

reproduction and human reproduction are specific topics in 

which sexual and asexual reproduction can be taught. 

Consistent with the current findings, prior research has 

shown that students encounter difficulties in correlating the 

stages of plant reproduction, frequently confusing processes 

such as pollination and seed dispersal.  Numerous students 

explain merely one procedure and neglect to comprehend 

their sequential arrangement, signifying a must for explicit 

education to address these misunderstandings [56]. 

Furthermore, a considerable deficiency exists in the 

comprehension of human reproductive anatomy and 

physiology. Many students struggle to accurately identify 

reproductive organs or comprehend the locations of gamete 

generation and fertilization, despite the use of visual  

aids [57].  

The results of these studies might explain why students 

experienced difficulty in learning or mastering concepts 

related to these learning competencies. Another reason was 

the insufficiency of learning content that teachers could 

access from the learner’s manual in Grade 7 Science as they 

were limited. The results cited in this part strongly supported 

the goal of this study which was to develop a game-based 

mobile learning application from the least-learned learning 

competencies of learners and teaching difficulties of 

teachers. 

B. Game-Based Mobile Learning Application in Living 

Things and Their Environment 

This game-based mobile learning application was created 

to support teaching and learning for Grade 7 Living Things 

and Their Environment.  This mobile learning application 

sought to meet the needs of learners in a 21st-century 

classroom setting in a fun, dynamic, and engaging way while 

also addressing the learners’ least-learned learning 

competencies. The five learning competencies identified 

through a learner competency test served as the main points 

for the game content included in the mobile learning 

application.  

1) Learners’ preferred game types 

Designing and developing the component games was the 

same as analyzing the games where certain elements must be 

considered. This part presents the game types that were used 

as formats of the games included in the mobile application 

and were identified using rank and percentages. Learners are 

asked of their top 3 preferred and commonly played game 

types. Table 3 shows the ranking of these game types from 

highest to lowest, meaning, from the most preferred to least 

preferred. It showed that learners prefer and frequently play 

adventure, puzzle, role-playing, simulation and strategy types 

of mobile games.  
 

Table 3. The preferred game types or formats of learners 

Game Types N % RANK 

Adventure 32 18.0 1 

Puzzle 31 17.4 2 

Role Playing 29 16.3 3 

Simulation 28 15.7 4 

Strategy 23 12.9 5 

Action 15 8.4 6 

Fighting 11 6.2 7 

Sports 9 5.1 8 

TOTAL 178 100  

  

The results are consistent with the results of existing 

studies. In a review conducted by Jabar and Felicia [58], they 

showed the most popular game is the Role-Playing Games 

(RPGs) followed by puzzle, action-adventure, competition, 

simulation, problem-solving, and strategy games. Similarly, 

in the study of Hainey et al. [59], strategy games emerged to 

be the most played followed by puzzle, simulation, 

role-playing, adventure, and generic games. It shows that the 

top 5 game types that emerged to be the most preferred are 

within those that were also mentioned in previous studies. 

Ultimately, in the systematic review conducted by  

Umamah [60], existing studies revealed that the most played 

game types are strategy, puzzle, role-playing, 

action-adventure, and simulation.  



2) Basic features of the game-based mobile learning

application

The game-based mobile learning application included two

basic features: an app information page and a menu list with 4 

games with game rules for each. The app information page 

explained what the application was about, what learning 

competencies were included, how the games were designed, 

and what each game was about. The games included were 

MicroSim, PuzzCells, ReproDefenders, and PredicTerms. 

Each of the 4 games represented the learning competencies 

that were shown to be the least learnt by learners. The games 

featured a variety of game categories, including simulation, 

puzzle, adventure, and word games. The ReproDefenders and 

PredicTerms were both quiz-like games. Each game 

contained a different game instruction for players on how to 

traverse the game. Each game had its own point or scoring 

system, which served as a motivator and sense of 

accomplishment for students. Each game provided learners 

and players with rapid feedback, whether they were still 

working on the task or objective of the game or had 

completed it. 

A game’s icon represented the mobile application’s 

identity. According to Hou and Ho [61], the icon sometimes 

largely determined the first impression thus, if the impression 

formed of the icon did not match the gameplay component or 

its function, it might create opposition to the game’s entry 

and acceptability to the user. The logo of the mobile 

 

 

 

Fig. 2. Icon of iLTE. 

a) Contents of “iLTE”

The mobile application material created contained

specialized topics for Grade 7 Living Things and Their 

Environment, including Plant and Animal Cells, Microscopy, 

Reproduction, and Interactions. The learning competencies 

associated with these topics were recognized as the 

least-learned by learners. These served as the foundation for 

creating the games featured in the mobile learning app. The 

learning competencies included: (1) differentiating plant and 

animal cells according to the presence or absence of certain 

organelles, (2) focusing specimens using the compound 

microscope, (3) predicting the effect of changes in one 

population on other populations in the ecosystem, and (4) 

predicting the effect of changes in abiotic factors on the 

ecosystem, (5) differentiating asexual from sexual 

reproduction in terms of: (a) number of individuals involved. 

The navigational structure of the game-based mobile 

learning application was connected to the main page as 

shown in Fig. 3. On the main page was where you could also 

find the menu list of the games included in the application 

represented by their respective game icons. Also included in 

the Menu Page, as shown in Fig. 4 was the Game General 

Information providing users the information about the game 

and the application as a whole. This could be accessed by 

clicking the question mark icon on the lower right side of the 

screen. 

Fig. 3. Main page and menu list of games in the application. 

Fig. 4. General game information page. 

As shown in Fig. 3, each game had its corresponding icon 

that gave them their identity and could provide the users with 

their first impression of the games. The researcher used his 

experience and aesthetic skills in creating the icons which 

were materialized by the graphic designer. According to 

Taquet et al. [62], designers could draw from their subjective 

experience and use their aesthetic skills to create icons based 

on the users’ needs. Each of these icons also tend to convey 

ideas and emotions to users which could attract their attention. 

So, if the purpose of an icon was also to convey ideas and 

emotion to users, then it is aligned with the idea of  

Shen et al. [63] when they posited that the creation of an 
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application material—iLTE: iLearn, iThink, iExplore is 

shown in Fig. 2. The researcher developed the concept for the 

logo, which was then materialized by the graphic designer. 

The lowercase “i” in the name of the mobile learning 

application signifies the perspective of the learner or user. 

The letters L, T, and E represented the abbreviation for 

Living Things and their Environment. Nonetheless, it also 

possessed alternative meanings such as “Learn”, “Think”,

and “Explore”. These terms accurately delineated the actions 

anticipated of users with the application. The mobile 

application enables users to learn LTE ideas, think in 

addressing game challenges and questions, and ultimately 

explore the subjects of Living Things and Their Environment 

in an enjoyable and engaging manner.



appropriate and successful icon could make the user’s 

operation process easy and smooth by eliminating 

communication barrier between the computer and the user. 

Fig. 5(a) shows the icon of the stimulation game MicroSim 

represented by a simple clipart of a microscope, which could 

be easily understood that its icon represented its learning 

content; Fig. 5(b) represents the icon of PuzzCell, which 

shows an aggregate of four square-like shapes forming a 

drawing of an organelle. Fig. 5(c) represents the icon of the 

third game which is the ReproDefender. A deoxyribonucleic 

acid (DNA) strand could be seen displaying the learning 

content on sexual and asexual reproduction and the punching 

gloves exhibited the game type. Lastly, Fig. 5(d) depicts the 

icon of PredicTerms with different cliparts like brain, image, 

magnifying lens, and question mark and exclamation point 

which supported its game type of predicting or completing a 

term with textual and pictorial hints. 

a) b)

c) d) 

Fig. 5. Icons of the mobile games in iLTE: (a) MicroSim, (b) PuzzCell, (c) 
ReproDefenders, and (d) PredicTerms. 

Individually, each game was of a different game type and 

included the learning content for each learning competency. 

MicroSim, which stands for Microscope Simulation, was 

designed to help players recognize microscope parts and 

follow the proper sequence of procedures when focusing a 

specimen under the microscope. A virtual lab assistant named 

Franz would be available to advise the gamer on what to do. 

To move further in the game, one must complete the tasks 

assigned by the lab assistant. This mechanic draws on 

scaffolding, as the assistant provides ste-by-step guidance to 

support learners in mastering procedural skills, gradually 

fostering independence in a constructivist manner. PuzzCell 

(a combination of puzzle and cell) was a basic puzzle game 

that allowed players to complete a plant and animal cell by 

dragging and dropping the various cell organelles into their 

respective locations within the cell. Plant and animal cells 

were played individually, although using the same collection 

of cell organelles. Thus, the player must understand which 

organelles belong to plant and animal cells. Furthermore, cell 

organelles were described so that students could learn and get 

familiar with them. The drag-and-drop interaction promotes 

constructivism by enabling active knowledge construction 

through trial and error, while the integration of visual puzzles 

with textual descriptions aligns with dual coding theory to 

reinforce conceptual understanding via multiple cognitive 

channels. The third game, ReproDefenders, was an adventure 

game with two main characters: sexual and asexual. The 

player must aid these characters defeat the monsters. Each 

character has unique abilities that enabled them to combat 

various creatures. To defeat the creatures, one must carefully 

analyze their descriptions in order to identify which character 

and which exact weapon should be employed. This 

problem-solving approach embodies constructivism, as 

players actively apply and refine their understanding of 

concepts on sexual and asexual reproduction through 

experiential learning in a simulated environment. Finally, 

PredicTerms is a word game in which players could predict 

or guess the term using text and images as prompts. Some 

letters from the word that players would guess were provided 

as well to help them determine the right term. The terms were 

relevant to the aforementioned learning competencies (3) and 

(4). The use of multimodal prompts, which include texts and 

images, leverages dual coding theory to enhance memory and 

comprehension of terms related to Ecosystem and Ecology, 

with partial letter hints offering scaffolding to guide learners 

toward correct responses without overwhelming cognitive 

load. 

As you individually click and further explore each game, 

you would be directed to their respective start-up page. Here, 

you could find the title of the game and a short description of 

what the game was all about, and a little overview of what to 

experience, just like what is shown in Fig. 6, a sample game 

start-up page of ReproDefenders with game information. 

Fig. 6. A sample start-up page of a game (ReproDefenders). 

Aside from a short description of the game with its title, the 

Start-up page also included a HOME icon in the upper left 

corner and a QUESTION MARK icon in the upper right 

corner of the page. Clicking this icon would direct users to 

Game Instruction Page. This page would provide detailed 

instructions or mechanics on what the learners will do and 

how to play the selected game. Fig. 7 shows a sample Game 

Instruction Page of ReproDefenders. 

When users finally become ready to engage and explore 

the games, they will just have to click the “START” button 

and they would be directed to the page where the game was 

set up. Fig. 8 shows the game set-up of the simulation 

MicroSim. A lab assistant would welcome and guide you as 

go along the process of learning the parts and functions of 

and how to properly use the microscope in focusing a 

specimen. You might also find “BACK” and “NEXT” 

buttons on the screen to help you navigate the simulation. 

Fig 9 shows a portion of the game-simulation where users are 

presented with the different objective lens of a microscope 

and are asked to drag the names into their corresponding 

parts. 
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Fig. 7. Sample game instruction page of a game (ReproDefenders). 

Fig. 8. Sample screenshot of the frame or user interface of MicroSim. 

Fig. 9. Screenshot of a sample portion of the game-simulation, MicroSim. 

Fig. 10. Sample screenshots of the frame or user interface of PuzzCell. It 

shows the interface where players get to select which puzzle to play, Animal 
Cell and Plant Cell. 

Fig. 11. Animal cell puzzle. 

In PuzzCell, as shown in Fig. 10, when you click its game 

icon in the Game Menu page, it will direct you to a page 

where you get to select which puzzle to play: Animal Cell as 

shown in Fig 11, or Plant Cell as shown in Fig. 12. Play. 

Players are tasked to drag and drop the organelle to its 

respective location in the cell. The set-up of the game was 

composed of a column of cell organelles on the left side of the 

screen and a blank cell template at the center. 

Fig. 12. Plant cell puzzle. 

In the third game, ReproDefenders, two in-game 

characters, Sexual and Asexual are present in the game which 

could be controlled by the player in defeating the monsters at 

the center of the screen. Players must choose among the 

weapons on the left side of the screen which must be used by 

the appropriate character as shown in Fig. 13. The weapons in 

the left side are represented by the different conceptual terms 

related to sexual and asexual reproduction such as zygote, 

pollination, conjugation, fragmentation, budding, spore 

formation and the likes. The appropriate weapon to be used to 

defeat the monster depends on the description or definition 

that appears beside it as shown in Fig. 14.  

Fig. 13. Sample screenshot of ReproDefenders showing the placement of 

characters and icons in the game 

Fig. 14. Sample screenshot of ReproDefenders showing change in character, 

concepts, and points within the game 

Fig. 15. Sample screenshot of the frame or user interface of PredicTerms. 
The term being described is extreme temperature. 
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Lastly, Fig. 15 shows the game set-up of PredicTerms 

where, unlike other word puzzles in mobile games, it did not 

solely rely on pictures used as hints. LTE concepts in the 

form of text were also used in addition to pictures. 

3) Implementation of the game-based mobile learning 

application 

The game-based mobile learning application was utilized 

as teaching material in a Grade 7 regular class at a public high 

school in the researcher’s hometown. Essential preparations 

were conducted prior to the implementation. The researcher 

convened with the learners multiple times during the 

preparatory phase. Participants received letters of informed 

parental consent, which the researcher ensured were duly 

signed by their parents. A copy of the Android Package Kit 

for the mobile learning application was dispatched to 

learners’ Android phones and was successfully installed. The 

researcher developed contextualized lesson plans to address 

the learning competencies. One week before to the 

implementation, the teacher-implementer, a Grade 7 Science 

teacher and a trainer in workshops and seminars, collaborated 

closely with the researcher. Guidance and recommendations 

for the effective implementation of the instructional material, 

utilizing the lesson plan, were provided to the 

teacher-implementer. The teacher-implementer’s willingness 

and openness to participate in the study significantly 

enhanced the implementation process. As only the PuzzCell 

game was implemented, the execution occurred in a single 

session. Adhering to the lesson plan, the session followed the 

7 Es framework (Elicit, Engage, Explore, Explain, Elaborate, 

Evaluate, and Extend). During the Elicit phase, MicroSim, a 

simulation demonstrating how to focus a specimen under a 

microscope, was utilized, as it was the preceding topic 

relevant to the learning competency to be addressed. 

With the identified least-learned learning competencies of 

the learners, plus the identification of key game types and 

formats, a game-based mobile learning application was 

conceived. This mobile learning application will effectively 

address these educational deficiencies in an interesting and 

exploratory manner through game-based and mobile learning 

techniques. This educational resource would be beneficial for 

learners, as it would allow them to access and participate in 

learning activities through games, enabling them to learn at 

their own pace without the limitations of attending school 

during distance learning or as an after-class extension activity. 

Moreover, this designed educational material promotes 

learners’ active engagement in the learning process and 

transforms teachers’ roles into that of facilitators. 

Consequently, the implementation of this game-based mobile 

learning application is strongly advocated for both educators 

and students as a contemporary and inventive approach 

appropriate for a 21st-century classroom. 

C. The Evaluation of the Acceptability of the Game-Based 

Mobile Learning Application in Grade 7 Living Things 

and Their Environment 

After the implementation of the game-based mobile 

learning application, phase III took place with the evaluation 

of the mobile application by teachers and learners in terms of 

its acceptability for classroom use. Guide questions were also 

employed to unravel the experiences of teachers and learners 

in using the mobile application. ‘What can you say about the 

mobile application’s components? Did you find the mobile 

learning application useful? Did the mobile learning 

application help you in learning Living Things and Their 

Environment?’ were some of the leading questions that were 

asked. 

This part unfolds the acceptability of the game-based 

mobile learning application in terms game usability (GU), 

game mobility (GM), gameplay (GP), and learning content 

(LC). The mean and standard deviation were utilized to solve 

for the evaluators’ perception of the degree of acceptability of 

the developed game-based material. Table 4 shows the 

evaluators’ evaluation of the acceptability of the game-based 

mobile learning application. 
 

Table 4. Acceptability of the game-based mobile learning application based 
on four dimensions 

Dimensions SD M Description 

Game Usability 0.32 3.83 Very Acceptable 

Game Mobility 0.60 3.62 Very Acceptable 

Game Play Component 0.36 3.85 Very Acceptable 

Learning Content 0.61 3.88 Very Acceptable 

Overall Rating 0.47 3.79 Very Acceptable 

Note: n = 6: Interpretation is based on the following scale/ criteria:  

1.00–1.50 = Barely Acceptable, 1.51–2.50 = Moderately Acceptable,  
2.51–3.50 = Acceptable, 3.51–4.00 = Very Acceptable 

 

The overall acceptability of the game-based mobile 

learning application was rated as very acceptable (M = 3.79, 

SD = 0.472). Specifically, game usability was highly rated 

with very acceptable (M = 3.83, SD = 0.32), indicating that 

the application’s interface and navigation were intuitive and 

user-friendly. Gameplay was similarly well-received (M = 

3.85, SD = 0.36), suggesting engaging and effective game 

mechanics. Learning content received the highest rating (M = 

3.88, SD = 0.61), reflecting strong alignment with the Grade 

7 “Living Things and Their Environment” curriculum and 

clarity of educational material. Game mobility, while still 

rated as very acceptable (M = 3.62, SD = 0.60), had the 

lowest mean score among the dimensions, possibly due to 

minor technical constraints, such as device compatibility or 

responsiveness on varied screen sizes. 

These results imply that the application functions 

effectively as a supplementary instructional tool, with all 

dimensions meeting high acceptability standards. The strong 

scores in usability, gameplay, and learning content suggest 

that the application is well-designed for educational purposes, 

engaging learners while delivering curriculum-aligned 

content. However, the slightly lower game mobility score 

indicates potential areas for improvement, such as optimizing 

performance across a wider range of mobile devices or 

enhancing offline functionality to support diverse learning 

environments. These findings support the application’s 

suitability for blended learning contexts but suggest that 

future iterations could prioritize addressing mobility-related 

technical enhancements to further improve accessibility and 

user experience. 

As a game-based learning material, the findings above are 

consistent with that of Marengo et al. [64] that Game-Based 

Learning (GBL) environments integrate game technology 

with pedagogical methodologies to deliver captivating 

educational experiences. This shows the importance of 

relevant content integration in game-based learning 

environment. Furthermore, findings also agree with  
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Zaibon [65] in terms of game usability and playability, that 

mobile game-based learning applications must evaluate game 

usability, mobility, playability, and educational content to 

verify that the material fulfill user requirements and he 

mentioned that high acceptability rating in these dimensions 

indicate that the developed material is easy to use with a 

well-designed interface, user-friendly by providing a 

seamless experience with less to no technical issues, 

engaging, effectively retains players’ interest and motivation, 

and effectively delivers the intended learning content making 

it educationally valuable. 

 

These positive insights are in accord with recent studies 

indicating that the use of games infused in mobile devices in 

an educational setting helped raise students’ motivation and 

consequently advanced the attainment of learning outcomes 

as supported also in a related study by Mivehchi and 

Rajabion [66]. The motivating aspect of game-based learning 

highlights games’ capacity to engage and motivate players by 

offering enjoyable experiences that encourage further 

participation [67]. This acknowledged the potential of mobile 

game-based learning to integrate game-based learning with 

mobile learning. Moreover, the study revealed that 

integrating gaming into the educational process rendered it 

pleasant, comprehensible, and accessible to learners, serving 

as a significant source of motivation and engagement due to 

its inherent entertainment value. The findings of this study 

also aligned with that of Davis [68] in Krouska et al. [69] 

where he mentioned that in the Technology Acceptance 

Model, the perceived ease of use was a factor that greatly 

affected the acceptance of a new system taking into regard 

the users’ intention to use and their attitude towards its 

utilization. This showed that with regards to the game-based 

mobile learning application, the target users of the learning 

application should perceive it as easy to use and easy to 

navigate to compensate and subdue the limitation of mobile 

devices which usually have small screen thus also limiting 

users’ screen interaction. 

D. Learners’ Perception and Experiences in the Use of the 

Game-Based Learning Material 

Perceptions and experiences of learners were also captured 

and noted in using the game-based mobile learning 

application during the implementation phase. Learners were 

still able to use the learning material beyond the 

implementation session, whether they were in school or their 

homes. Illustrations, ease in learning LTE concepts, ease of 

game instructions, and learning content were given 

consideration and these are the summarized perceptions of 

learners, respectively:  

1) Visually Appealing and Engaging Design. The 

illustrations are accurate, well-designed, and visually 

appealing. The audio-visual representation supports the 

game, and the screen layout is efficient and visually 

pleasing. These perceptions supported the “very 

acceptable” rating for the game usability component, 

particularly for audio-visual representation and efficient, 

visually pleasing screen layout. Overall, the illustrations 

are visually appealing and informative. One learner, 

however suggested the graphic design needs 

improvement. 

2) User-Friendly and Easy to Learn.  The application and 

game instructions are user-friendly, providing clear, 

step-by-step guidance for easy comprehension and 

enjoyment, making them advantageous for learning and 

enjoyment in mobile games. Learners described the app 

as “very easy”, “easy to understand”, and noted that game 

instructions were clear, easy to follow, well-explained 

step-by-step, and useful. These perceptions align with the 

“very acceptable” ratings for game usability (useful help) 

and learning content (easily learned and understandable 

content). 

3) Useful and Relevant Learning Content. The mobile 

application is really beneficial and may be used to learn a 

variety of scientific concepts. Learners generally 

described the embedded learning content as very useful, 

explicitly stating that it followed their current Science 

lessons (Grade 7 LTE). They found it helpful in learning 

many things in Science, was easy to learn and understand, 

and enabled them to learn specific topics like microscopy, 

plant and animal cells. The learning content component 

received a “very acceptable” rating, indicating that the 

content is easily learned, understandable, and has 

achievable learning goal.  

4) Positive Impact on Learning. Learners found the mobile 

learning application useful for learning LTE concepts and 

acquiring additional knowledge through fun and 

interactive characters which helped them understand the 

content. The game-based mobile learning application’s 

usefulness was attributed to its ability to deliver intended 

learning content and outcomes to learners, highlighting its 

importance in enhancing their knowledge. 

The study also revealed learners’ experiences on the use of 

the game-based mobile learning application.  

1) Novelty and Encouragement. Some learners were new to 

using the material in their Science class, but found it 

encouraging and easy to learn. They also appreciated the 

clear goals and clear learning content which highlights the 

novelty of using a game-based application in learning 

instruction.  

2) Enjoyable and Fun Learning Environment. Learners also 

found that the fusion of mobile learning applications with 

games and learning content was enjoyable to use through 

playing games, answering questions, and learning new 

topics. They described it as “so fun”, “amazing”, and 
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Descriptive numerical findings on the acceptability of 

learning material are consistent with the positive and 

perceptive comments from evaluators and validators. These 

include (a) “Contemporary learners appreciate education 

when it incorporates audio-visual elements. I believe this 

educational content will enhance learner engagement in the 

learning process”; (b) “The mobile learning application, 

designed for gaming, was engaging, exploratory, and highly 

enlightening. Learners not only acquire knowledge from it 

but also experience enjoyment and excitement while utilizing 

it. The game is enjoyable and captivating, prompting learners 

to actively engage in class discussions”; (c) “The first look of 

the menu and game title captivated my interest. The game 

was ingenious, as it converted science-related themes into 

battles or minigames, each requiring me to attempt again”; (d) 

“Overall, it is an impressive game that I believe could be 

advantageous for both students and teachers in the long 

term”.



  

noted that it lightened their mood and made learning 

enjoyable, fulfilling both leisure and educational 

purposes.  

3) Effective Content Acquisition and Active Learning. 

Science content including topics like microscopy, plant 

and animal cells, sexual and asexual reproduction, and 

biotic and abiotic factors were integrated learned in a 

mobile learning application and were learned through 

interactive games. They learned about specific concepts 

like where cells are found, bacterial reproduction, and the 

parts and uses of microscope through interactive elements 

like the MicroSim. The game-based mobile learning 

environment, with its clear and easy-to-follow game rules 

and mechanics, was found to facilitate the development of 

cognitive skills, including neural processing, spatial skills, 

problem-solving, and creativity. The application provided 

an environment for learners to actively build their own 

knowledge and meaning, supporting active learning and 

increasing motivation. 

4) Effortless Navigation and Engagement. Learners 

experience ease in maneuvering and learning to use the 

mobile application, which helped them discover things. 

This experience corroborated their perception of ease of 

use. The challenging nature of the games was also noted 

as a factor in increase engagement, which is a strong 

predictor of learning outcomes. 

Overall, the mobile learning application was a valuable 

tool for students, praising the mobile application’s ease of use, 

quality of graphic designs and meaningful and 

understandable science concepts. However, the study reveals 

that some learners find learning about cells challenging and 

require strategies while other learners think that prolonged 

engagement with the game-based material induces boredom 

due to its repetitive nature, even after multiple completions of 

the game. The data revealed different perspectives on the 

game-based mobile learning application, focusing on graphic 

design quality, ease of use, relevance of content, satisfaction, 

and suggestions for improvement. 

Some researchers had already justified how mobile 

game-based learning engaged learners not only to play for 

leisure pursuits but also for educational purposes and 

learning [70]. Learners’ engagement in the games in a 

game-based learning environment was also proven to show a 

clear positive effect on learning, as revealed in another study 

by Hamari et al. [71]. This increased engagement was 

attributed to the challenges encountered by learners in the 

game. As they have described, particularly by the teachers in 

their experiences, the developed game-based mobile learning 

application was characterized as challenging. Furthermore, as 

they supported, the challenge in the game was a strong 

predictor of learning outcomes. Thus, it was suggested in the 

same study to have the challenge of the game be able to be on 

the same page with learners’ developing abilities in order to 

sustain learning in game-based learning environments. In 

addition to the learners’ engagement, intrinsic motivation 

was also supported by the different game elements found in 

the game-based mobile learning application namely, game 

rules and mechanics, narrative elements, and game aesthetics. 

Part of the game rules and mechanics was the game 

instructions which direct learners in using and guiding them 

in playing the games. Based on the result of this study, 

learners described the game instructions of iLTE as easy to 

follow and understand. Having good and effective game rules 

and mechanics, as Granic [72] revealed, facilitated the 

development of cognitive skills which include neural 

processing and efficiency, spatial skills, enhanced mental 

rotation abilities, problem-solving skills, and creativity. 

Since this study dealt with digital games, that was in the form 

of a mobile game, and game-based learning, both of which 

had been traditionally linked to the constructivist perspective 

of learning [73], learners’ cognitive and emotional 

experiences in using the game-based mobile learning 

application provided them with an environment where they 

could build their knowledge and meaning aligned with 

specific learning outcomes. Thus, generally, this emerging 

and exciting pedagogical and educational strategy i.e. 

game-based mobile learning, supported learners’ active 

learning and consequently might improve academic 

performance and increase the level of motivation. 

The successful development and assessment of the 

game-based mobile learning application in this study have 

broader implications for the educational landscape, beyond 

the specific setting of Grade 7 LTE (Biology).  The results 

strongly support a shift in teaching methods, highlighting the 

need to incorporate technology to develop more dynamic, 

engaging, and successful educational settings. This 

corresponds with the claim by Sagge and Segura [74] that 

educators must transition from traditional pedagogical 

methods to engage and instruct current generations of 

learners, who frequently find conventional approaches 

unengaging.  The study’s findings indicate that mobile 

learning technologies, including the developed games, can 

effectively make complex and abstract concepts more 

tangible and accessible [75], a principle applicable across 

diverse disciplines and educational levels.  Moreover, the 

ramifications of this research pertain to the cultivation of 

21st-century competencies.  Bacio [76] posits that innovative 

educational methodologies enhance both the acquisition of 

subject-specific competences and the development of vital 

skills for lifetime learning and future employment 

requirements.  The elevated evaluations for game usability, 

mobility, and gameplay highlight the capacity of 

well-developed educational games to cultivate critical 

thinking, problem-solving, and digital literacy skills.  The 

transformative potential of digital learning technologies, as 

emphasized by Bacio and Sagge [77], resides in their 

capacity to enhance student involvement and understanding, 

equipping students for successful professions.  This further 

underscores the notion of adaptable and stimulating learning 

alternatives for attaining specified educational objectives, as 

evidenced by the efficacy of student-generated podcasts [78].  

The notable efficacy of the MicroSim game in imparting a 

practical skill substantiates the assertion by Torion and Bacio 

[79] on the utilization of interactive and visual mediums for 

practical skill learning.  This study urges educators, 

curriculum authors, and politicians to advocate for the 

incorporation of evidence-based, purpose-designed 

educational technologies to foster a more fair, engaging, and 

forward-looking educational environment. 

While this developmental study demonstrates the potential 

of a game-based mobile learning application to address 

least-learned competencies in Grade 7 LTE, several 
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limitations are noted to contextualize the findings. First, the 

participant selection was purposive, involving learners from 

a public secondary school which may limit the 

generalizability of the results to broader populations or 

diverse educational settings. The sample size for the 

Learners’ Game Format Preference questionnaire (n = 73 

Grade 8 learners) was relatively focused on a specific grade 

level, potentially restricting insights into preferences across 

different age groups or grade levels. Additionally, the 

evaluation emphasized acceptability through reported 

measures through the evaluation form, but did not include 

objective assessment of learning outcomes through pre- and 

post-intervention tests on the identified learning 

competencies. Future research could incorporate such 

designs, such as quasi-experimental studies, to empirically 

evaluate the effectiveness of the game-based mobile learning 

application in improving mastery of Grade 7 LTE 

competencies. Expansions to other science units or grade 

levels could test the scalability of the ASSURE model in 

game-based learning. Additionally, investigating 

accessibility adaptations for low-resource environments 

would further enhance the practical applicability of such 

applications in public education systems. 

Additional limitations include potential constraints related 

to device compatibility, access to mobile phones, and 

long-term engagement. The mobile application is compatible 

only to smartphones and not to iOS and tablets due to 

software and screen size restrictions, potentially affecting 

performance in diverse technological contexts. Furthermore, 

access to mobile devices, particularly in low-resource public 

schools, may pose barriers to equitable implementations, as 

not all students may have consistent access to compatible 

smartphones. Also, sustained engagement was not assessed 

due to the study’s short-term evaluation which occurred for 

two weeks. 

IV. CONCLUSION 

This study demonstrated the potential of mobile games to 

be integrated into Grade 7 LTE, specifically in addressing 

least-learned competencies. The novelty of this study resides 

in its nature of targeting identified learning competencies. 

Unlike previous works that focus on general concepts in 

science, this study embedded empirically identified 

least-learned competencies into curriculum-aligned mobile 

games, guided by the ASSURE instructional design model. 

Linking instructional design with mobile game-based 

material development provides a unique innovation in 

science education, which could provide a replicable model 

for future researchers and educators aiming to create digital 

learning materials that directly respond to persistent learner 

difficulties. 

The findings about the least-learned competencies in 

Grade 7 Living Things and Their Environment revealed that 

despite the completion of the Science subject, there are still 

learning competencies that are not fully met and acquired. 

Thus, teachers should provide additional learning contents 

and utilize supplementary materials to help learners achieved 

intended learning outcomes. They may also consider 

employing hands-on learning activities and design varied 

motivating and engaging learning activities to decrease the 

possible difficulty of the subject matter even suited for 

distance learning modalities. 

The finding on evaluators’ assessment showed their very 

acceptable rating and positive feedback on the different 

dimensions of the game-based mobile learning application 

suggested that they support the use of digital tools and 

game-based learning as an adaptation to the changing 

landscape of teaching and learning in the 21st century, 

making it an acceptable instructional and supplementary 

learning material highly recommended to be used by teachers 

and learners. Generally, the developed learning material was 

very useful in the teaching and learning process, considering 

that from a technological view, learners preferred to use 

mobile phones among other digital tools and had been fond of 

mobile games. From an educational perspective, the fusion of 

games in the educational process enhanced learners’ 

motivation and engagement for learning, that may lead to the 

achievement of desired learning outcomes. 

Learners’ high regard for the game-based mobile learning 

application suggested that game-based learning, indeed, 

allowed learners to experience learning firsthand in a fun and 

enjoyable way. Also being technology savvy, they were very 

receptive to the idea of fusing games and learning content in a 

digital tool, particularly the use of mobile phones. They also 

recognized the flexibility of using a game-based mobile 

learning application, that was, either within the four walls of 

their classroom during formal instructions or outside the 

school setting, anytime and anywhere. Furthermore, their 

positive feedback on the graphic designs, game mechanics, 

ease of use, and learning content suggested the suitability of 

the developed material to them as target users. 

The development and use of this learning material 

highlight the incorporation of game designs and ICT tool in 

the pedagogical process through a game-based mobile 

learning application which offered authentic learning tasks 

and strongly supported the learner-centered curriculum. 

Learners also take an active part in learning process and their 

previous knowledge and experiences should be seen as a 

reference point to introduce and generate new knowledge, 

guided by the teachers as facilitators of learning. This study 

has contributed to the existing knowledge on the use of 

game-based learning and mobile learning which might 

provide helpful insights in the field of research, instruction, 

and possibly extension work. Though game-based learning 

has been used extensively in teaching and learning, the 

development of tailored-fit game-based materials from 

learners’ needs seem to provide a filler in the gap of using 

game-based materials in instruction. On a practical sense, this 

learning material may be utilized for blended learning 

modality where learners can access the topics and learning 

contents in LTE through a game-based mobile learning 

platform in a self-paced, enjoyable and motivating manner.  

Utilization of such may pave way in improving ICT use 

guidelines in schools such that mobile phones through 

educational software application like mobile games can be 

used in addition to common ICT tools in the lesson suitable 

for learners and the learning context. In addition, 

instructional material developers may consider using 

game-based mobile learning applications as additional 

material to be included in the learning activities presented in 

the modules or textbooks or include in modules learning and 

teaching guides in using a specific learning application in a 

face-to-face or blended learning instruction. It may also be 
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suggested that teachers may choose to adapt the process of 

developing a game-based learning material may it be digital 

or non-digital. However, they must keep in mind that during 

the process, the identification of appropriate learning content 

and necessary learning competencies should be met so that 

the validity of the material will not be compromised. The 

study’s focus on a particular domain which is the Living 

Things and Their Environment constrains insights into its 

broader applicability; however, this still allows for a specific 

competencies’ development. Further exploration may open 

opportunity for other learning competencies from other 

domains of Science such as Force, Motion, and Energy 

(Physics), Matter (Chemistry), and Earth and Space (Earth 

Science), and across grade levels adapting the ASSURE 

model and utilizing game-based mobile learning application. 

In terms of research, experimental studies may be considered 

to test the effectiveness of the learning material in improving 

least-learned competencies. 
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