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Abstract 
This computer game was designed and developed to enhance the skills of high school students in balancing 
chemical equations. The game simulates a trip to the beach and consists of three missions, ranging from easy to 
difficult levels, enabling players to engage in a contextual learning experience. The objectives of this computer 
game development were to compare learning achievement before and after using the game and to evaluate the 
level of satisfaction in learning through the game. The study sample consisted of 27 high school students in 
Mathayom Suksa four, selected from a medium-sized school in Pathumthani Province, Thailand, using purposive 
sampling. The research employed two primary assessment tools: 1) a pretest-posttest to assess the understanding 
of balancing chemical equations and 2) a satisfaction evaluation form to evaluate the computer game. Data 
analysis was performed using the mean, standard deviation (S.D.), t-test, and normalized gain (<g>). The 
findings revealed that the mean learning achievement after using the computer game (13.52) was significantly 
higher than the mean before using the computer game (11.52) at a significance level of 0.01. The overall 
normalized gain for the class was at a moderate level. Furthermore, the majority of the participants expressed 
high satisfaction with a mean score of 4.56, indicating that the computer game was user-friendly and conducive 
to learning. The content, which presented chemical reactions in daily life within the computer game, was also 
easily comprehensible. Therefore, it could be effectively utilized to enhance classroom learning and applied to 
other areas of knowledge. 

Keywords: balancing chemical equations, computer game, educational game 

1. Introduction 
A chemical equation serves as a foundation for students to comprehend chemical changes through the utilization 
of symbols and chemical formulas. However, achieving a perfectly balanced chemical equation is essential. The 
numbers derived from balancing a chemical equation, referred to as coefficients, indicate the mole ratio of 
reactants and products. Consequently, the skill of balancing chemical equations ranks among the highest 
priorities for chemistry students. This is because it constitutes a fundamental unit of the high school curriculum 
and a critical cornerstone for future chemistry lessons. Balancing chemical equations necessitates both 
comprehension and practice. Students must navigate chemical symbols, which can occasionally lead to 
misunderstanding due to the use of chemical symbols and intricate explanations. For example, some students can 
balance chemical equations but may struggle to accurately represent them through chemical symbols due to a 
lack of understanding of coefficients and subscripts in chemical formulas (Yarroch, 1985). This situation can 
pose challenges in the process of learning chemistry. 

Utilizing games as educational materials is a novel pedagogical approach aimed at integrating gaming and 
knowledge. A fundamental concept behind this approach is to enable students to acquire knowledge while 
simultaneously enjoying the game (Wang & Wu, 2008). Engaging students in a way that piques their excitement 
and fosters a desire to learn and maintain focus is key. This enthusiasm not only facilitates effective learning but 
also motivates students to sustain their educational journey. Serious games and video algorithms have proven to 
be effective tools in enhancing the educational proficiency of nurses and midwives, as supported by research 
conducted with students. When used in conjunction with traditional pedagogical approaches, these technologies 
play a vital role in laying a robust foundation of knowledge, competencies, proficiency, and the attainment of 
professional qualifications (Georgieva-Tsaneva & Serbezova, 2021). An educational game can be designed by 
combining the theories of effective learning environments and multiple intelligences to support and enhance the 
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learning process for students while introducing a new type of educational resource. In recent times, educational 
games have seen widespread development in various forms. The integration of technology, including various 
digital media, has significantly enhanced the convenience of modern education. As evidenced by a study on 
“Information Resources Usage in Project Management Digital Learning System” (Davidovitch, Belichenko, & 
Kravchenko, 2017), it was found that digital learning served as an effective tool in universities worldwide. This 
method enabled learners to access essential knowledge at any time and from any location. 

In addition, there was also an emphasis on the design and creation process of learning media using technology, 
particularly digital media, to diversify and enhance the learning experiences for students. The finding from a 
study titled “Use of Digital Learning Platform in Diagnosing Seventh Grade Students’ Mathematical Ability 
Levels” This research showed that effective learning experiences could be created for learners through a 
well-designed process. The design and quality assessment of a digital learning platform developed to assess the 
mathematical proficiency of seventh-grade students in the domains of Measurement and Geometry were also 
described. The empirical findings revealed that the digital learning platform demonstrated high appropriateness 
in terms of usefulness, suitability, and accuracy. However, its feasibility was rated at a moderately appropriate 
level. In summary, the digital learning platform proved valuable for obtaining substantial information in 
evaluating the mathematical ability levels of seventh-grade students (Chinjunthuk, Junpeng, & Tang, 2022). In 
addition to the various technology media mentioned earlier, there is also an innovative educational approach – 
computer game – that helps captivate learners’ interest in lessons even more. These games have the unique 
ability to motivate individuals of all genders and ages to engage in both playing and learning, fostering intrinsic 
motivation that contributes to skill development. In a research study titled “Using Serious Games in Teaching 
German as a Foreign Language”, it was observed that most investigations related to Digital Game-Based 
Language Learning (DGBLL) primarily concentrated on young language learners. The favorable feedback from 
participants regarding the use of digital games indicated their potential appeal to adult learners as well (Al-yaz, 
Spaniel-Weise, & Gursoy, 2017). Educational games provide students with the opportunity to actively 
participate in both learning and recreational activities. The use of educational games as pedagogical tools can 
inspire individuals to take a proactive role in exploring and constructing their own knowledge during the 
learning journey. It is evident that individuals who exhibit intrinsic motivation for learning not only gain a 
deeper understanding but also report enhanced overall learning experiences (Patmanthara, Yuliana, Dwiyanto, & 
Wibawa, 2019). Furthermore, a research paper titled “Effects of Mind Games and Games Containing Physical 
Activity on Attention and Visual Perception Levels of Primary School Students” demonstrated that games had an 
impact on the levels of interest and visual perception. In a broader context, the implementation of both mind 
games and physical activity cards emerged as the most successful experimental approach for enhancing visual 
perception. Analysis of post-test scores revealed that all experimental groups achieved significantly higher 
results compared to the control group. Upon closer examination of findings from the experimental groups, it was 
concluded that the attention post-test mean scores of students in the group exposed to both mind games and 
physical activity cards were higher than those of the control group, although the difference was not statistically 
significant (Altun, 2019). The game offers students a sense of freedom, encouraging them to observe, think 
critically, analyze, and develop constructive thinking while exploring alternative solutions to overcome 
challenges and achieve success within the game. Furthermore, the game's context fosters an environment where 
students can explore new concepts, experiment with different approaches, face challenges, and receive rewards 
for their efforts. The computer game is thoughtfully presented with captivating graphics, colorful images, sounds, 
and animations. Consequently, this approach to learning has the potential to alleviate the pressures and stresses 
often associated with traditional learning methods (Rapeepisarn, 2010). The findings from a study titled “The 
Effect of the Difference between Infographic Designing Types (Static vs Animated) on Developing Visual 
Learning Designing Skills and Recognition of its Elements and Principles” (Afify, 2018) highlight the 
effectiveness of utilizing both static and animated infographics in enhancing learners’ abilities to identify 
constituent elements, thereby contributing to an improved learning process. It is evident that learners exhibit a 
preference for visual representations, which require less cognitive effort, over abstract textual content, thereby 
enhancing their overall learning experience. The game's challenging rules serve to motivate students to learn 
more and empower them to choose what to learn based on their individual abilities and needs. Immediate 
feedback in the form of learning results or achievements further reinforces this learning approach. The 
challenging rules of the game serve to stimulate and motivate students, encouraging them to delve deeper into 
their learning or empowering them to choose their learning path based on their own abilities and needs. 
Additionally, the immediate feedback provided, in the form of learning results, scores, or achievements, acts as 
another form of reinforcement. A case study conducted at a primary school in Scotland (Razak & Connolly, 
2013) involving a Primary four teachers and her students, compared two methods for teaching timetables: with 
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2.2 Computer Game for Learning  

Computer games for learning refer to the utilization of computer games to facilitate and support the learning 
process. These games motivate students to engage in learning through play, fostering effective learning by 
encouraging hands-on practice and independent problem-solving. In recent times, there has been a surge in the 
development of educational games that incorporate content designed to enhance students’ learning experiences. 

Educational games are innovative tools that promote learning through play. Teachers serve as guides, instructing 
students on how to follow specific objectives and game rules (Kammanee, 2004). Educational games aim to 
capture students’ attention, develop their skills, and cultivate a positive attitude toward the subject matter, thus 
enhancing content retention. According to research by the Office of the National Primary Education Commission 
(1994) and Suwannarat (1993), these games help students sharpen their observational skills, including visual, 
motor, memory, and sensory abilities. They also promote moral and ethical values, providing a solid foundation 
for future content review. By engaging in these activities, students are not just playing games but actively 
learning. 

Various types of computer games exist, each tailored to specific learning objectives. Nevertheless, they share a 
common characteristic – the reinforcement of motivation. Aligned with Skinner’s reinforcement (Skinner, 1954) 
principle, computer games inspire students to engage with content and acquire knowledge within well-defined 
rules. This concrete process encourages the active participation of all students, fostering the development of 
age-appropriate conceptual skills. Furthermore, teachers can assess students’ learning achievements through 
these games (Rodpothong, 2003; Thirakoat, 2021). 

Creating a computer game requires a designer’s grasp of essential design principles. This includes the ability to 
set appropriate objectives for both content and students, and employing elements like rules and graphics to 
convey the meaning of the content. These principles are instrumental in improving communication, enhancing 
the learning process, and motivating students to reach their learning goals (Thirakoat, 2021). 

Researchers have examined both the merits and drawbacks of GBL. On the positive side, students tend to relish 
learning through games, becoming more motivated and attentive, which in turn aids memory retention. GBL 
enhances decision-making and problem-solving skills and offers the benefit of instant result tracking. It can be 
effectively applied to teaching various subjects with careful selection of objectives and content, fostering student 
collaboration (Kim, 1995; Tuamklang & Tuamklang, 2012). However, certain disadvantages of GBL are worth 
noting. It demands a considerable amount of time, with some games entailing high costs and requiring extensive 
preparation. Teachers need the skills to design and create games and facilitate meaningful discussions to help 
students process and consolidate their learning in alignment with specified objectives. 

2.3 Balancing Chemical Equation 

Balancing chemical equations involves completing chemical reactions. This process yields coefficients that are 
essential for calculating the quantities of reactants required and the products to be obtained. The coefficients 
represent the mole-to-mole ratio between the reactants and the products. The Institute for the Promotion of 
Teaching (IPST, 2019; IPST, 2020) provides the following suggestions for balancing chemical equations: (1) 
Count the number of atoms for each element according to the chemical formula; (2) Balance the number of 
atoms for each element on both sides of the equation if the reactants and products have unequal amounts. Add 
coefficients (known as stoichiometric coefficients) to achieve balance. Start with the elements that appear in only 
one formula on each side of the chemical equation. Typically, hydrogen (H) and oxygen (O) atoms are balanced 
last; (3) During the balancing process, try to avoid changing the stoichiometric coefficients in front of formulas 
that are already balanced; and (4) If, after balancing, there are fractional coefficients, it is common practice to 
convert them into whole numbers by multiplying all coefficients by the smallest possible factor. This ensures 
that the mole ratio of reactants and products remains the same. According to Kolb, D. (1978), the process of 
balancing chemical equations entails the addition of the smallest possible integer coefficients to ensure that the 
total number of atoms of the same element on both sides of the equation is equal. The left side represents the 
reactants, while the right side represents the products. An arrow separates these two sides, adhering to the law of 
conservation of mass.  

3. Method 
The study employed purposive sampling, selecting a total of twenty-seven Mathayom Suksa four students from a 
medium-sized school in Pathumthani Province. 

Two research tools were utilized in this investigation: 1) A computer game designed for learning how to balance 
chemical equations, and 2) A learning activities plan. Data collection involved the use of 1) An assessment form 
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to evaluate understanding (pretest-posttest) of balancing chemical equations, and 2) A satisfaction assessment 
form pertaining to the computer game. 

3.1 Steps for Designing and Developing a Computer Game to Practice Balancing Chemical Equations Skill, 
Following the ADDIE Model: They Consisted of the Following Stages 

1) Analysis stage: The researchers reviewed documents and research papers focusing on students’ understanding 
of balancing chemical equations and the use of computers in learning. The findings revealed that most students 
struggled to grasp Chemistry concepts, often perceiving the subject as distant from their daily lives, challenging, 
and uninteresting. This perception hindered their engagement and motivation in learning. As a solution, the use 
of computer games was considered intriguing, offering the potential to stimulate students’ interest and foster 
motivation for learning. 

2) Design stage: The researchers developed a computer game aimed at helping students practice balancing 
chemical equations. The steps involved in this process are outlined below. 

① Define objectives consistent with the material design – The learning objectives for students encompassed 
three key aspects: 1) Attaining proficiency in balancing chemical equations, 2) Gaining the ability to interpret the 
meaning of symbols within chemical equations, and 3) Developing an understanding of chemical reactions in 
their everyday lives. 

② Design the computer game and gameplay, incorporated multiple elements including a storyboard, game 
content, characters, gameplay instructions, a flow chart for providing an overview of game stages, scenario 
design, rules, and reactions. The game simulated a beach trip, featuring three progressively challenging missions: 
Mission 1 – Preparation, Mission 2 – Long Trip, and Mission 3 – Aloha Party. 

3) Computer game development to practice balancing chemical equations: The researchers employed Adobe 
Captivate to facilitate interactions between students and the computer game. The drag-and-drop feature proved 
user-friendly and convenient. Furthermore, Adobe Illustrator was used for creating characters, objects, images, 
and animations within the game. Subsequently, all elements underwent editing and enhancement using Adobe 
Photoshop. The computer game underwent a thorough quality check, involving assessment by experts in content, 
media, and technology. The quality was evaluated at various levels using Likert's scale. Deficiencies within the 
computer game were addressed, resulting in a refined version ready for testing with the students as originally 
planned. 

4) Implementation: The computer game was installed on school computers, and comprehensive guidebooks were 
provided to both teachers and students for straightforward usage. The planned activities were executed 
seamlessly. 

5) Evaluation: To evaluate students' learning achievement, pretests, posttests, and dependent t-tests were 
conducted. Additionally, a satisfaction form was employed to gauge students' contentment following their use of 
the computer game. 

3.2 Design and Development of Research Tools 

The researchers developed a learning activity plan on computer game which consisted of pretest and posttest to 
evaluate the students’ understanding of balancing chemical equations. The satisfaction form was also designed to 
assess the students’ satisfaction toward computer game. 

3.3 Data Collection 

The study received certification from the Research Ethics in Human Committee of Thammasat University, 2nd 
Edition, in the field of Social Science, allowing for human participation. Data collection was divided into two 
parts: the first involved gathering data from content and multimedia experts, who evaluated the computer game 
designed. The second part included an examination of the learning activity plan for the computer game, 
assessing its appropriateness. Both the pretest and posttest, designed to evaluate students’ comprehension of 
balancing chemical equations, were scrutinized for language appropriateness and consistency with the learning 
objectives’ index of items based on IOC. Additionally, data were collected from the student samples to assess 
their learning achievements before and after using the computer game for practicing balancing chemical 
equations, as well as to measure their satisfaction with this approach. 

3.4 Data Analysis 

The researchers conducted a thorough analysis of the computer game designed for practicing balancing chemical 
equations skills among Mathayom Suksa four students, assessing both the quality of its content and multimedia 
components. Simultaneously, they examined the appropriateness of the learning activity plan associated with this 



jel.ccsenet.o

game. Furt
chemical e
related to t
to determi
Likewise, 

3.5 Statisti

In this stu
utilized to 
tools, inclu
formula pr

4. Result 
4.1 Result 

The compu
the skill of
objectives 
symbols u
computer 
missions. 
players to 
‘Long trip
daily life. 
equations 
while Miss
victory in 

 

Figure 2 s
The sampl
number of

org 

thermore, the q
equations, was
the computer g
ine the mean 
the study delv

ics for Analysi

udy, several sta
evaluate the q

uding t-tests, m
roposed by Ha

of Computer G

uter game was
f balancing che
encompassed 

used in chemic
game followe
Each mission 
count the num

p to the beach
The third mi

related to com
sion 3 incorpo
the game. Sam

shows the gam
le figure illust
f atoms in chem

quality of the p
s scrutinized. T
game. In the ca
and standard 

ved into studen

is 

atistical metho
quality of the 
mean (x̅), stand
ake, R. R. (199

Game Design a

s specifically d
emical equatio
the students t

cal equations, a
ed a storyline 

had a 30-min
mber of atoms 
h,’ involved co
ission, ‘Aloha

mmon daily-life
orated animated
mple screens fr

Fig

me interface of 
trated the first
mical structure

Figure 3.

Journal of Ed

pretest and po
The researcher
ase of learning
deviation, ana

nts’ satisfaction

ods were empl
evaluation for
dard deviation

98)  

and Developm

designed and d
ons. It featured
o: 1) Acquire 
and 3) Unders
simulating a b

nute duration. 
in chemical st

ounting atoms 
a Party,’ taske
fe reactions. M
d videos with 
rom the compu

gure 2. The fir

f the lesson on 
t mission, ‘Pre
es of selected p

 Test on reacti

ducation and Le

104 

sttest, used to 
s also assessed

g achievement,
alyzing the im
n with the com

loyed. The Ind
rm. Additional
n, and normaliz

ment for Balanc

developed to al
d real-life chem
proficiency in

stand chemical
beach trip and
The first miss
tructures relev

in balanced c
ed players wit

Mission 1 and 2
sound for expl

uter game were

 

rst lesson/the fi

 balancing che
eparation for t
products. 

 

ion and assista

earning

evaluate stude
d the quality o
, the study com

mpact of learni
mputer game. 

dex of Item- O
lly, data analy
zed gain (<g>)

cing Chemical

llow Mathayom
mical reactions
n balancing che
l reactions in d
d consisted of
sion, ‘Preparat
vant to everyda
chemical equa
th balancing p

2 provided hint
lanation. Comp
e illustrated in 

first mission 

emical equatio
the beach trip

ance for Missio

ents’ comprehe
f the satisfacti

mpared pretest 
ing through th

Objective Cong
sis involved th
), with calcula

l Equation Skil

m Suksa four s
s to engage stud
emical equatio
daily life. This
f three progres
tion for the be
ay products. T
ations common
previously un
ts using image
pleting all thre
Figures 2–5. 

ons skill includ
p’, requiring pl

on 1 

Vol. 13, No. 3;

ension of balan
on evaluation 
and posttest sc

he computer g

gruence (IOC)
he use of statis
ations followin

ll. 

students to pra
dents. The lear

ons, 2) Interpre
s multimedia-b
ssively challen
each trip,’ req
he second mis
nly encountere

nbalanced chem
es and descript
ee missions ma

 

ded three miss
layers to coun

 

2024 

ncing 
form 
cores 

game. 

) was 
stical 
g the 

actice 
rning 
et the 
based 
nging 
uired 

ssion, 
ed in 
mical 
tions, 
arked 

sions. 
nt the 



jel.ccsenet.o

Figure 3 sh
count the 
explore rel
with image

 

 

Figure 4 s
rain. Thes
available t
calculation

 

 

Figure 5 sh
life enviro
combustio
concepts. 
images. 

In the eval
very good 
effectivene
yielded a 
ranging fro
sustaining 
chemical 
balancing 
comprehen
appropriat
sharp visu
very high 

org 

hows the solut
number of at

levant concept
es. 

shows the solu
e chemical eq
to allow the 
n of the numbe

hows the solut
onment. The 

on of wood cha
The explanatio

luation of the c
level. The hig

ess in promot
mean score of
om 4.81 to 4.7
their attentio

equations out
chemical equ

nsible. The t
tely applied, en
uals with high 
standards in bo

tion for Missio
toms in chemi
ts. The explana

Figure 4.

ution for Missi
quations repres
players to de

er of atoms wa

Figure 5.

tion for Missio
sample situa

arcoal and oxy
on of reactants

computer gam
ghest-rated are
ting classroom
f 4.73, also at
78, included: t

on; its usefuln
tside the clas

uations. In term
text layout w
nsuring effect
definition, me
oth content an

Journal of Ed

on 1. The selec
ical structures
ation of eleme

 Test on reacti

ion 2, focusing
sented the reac
lve into relev

as given along 

 Test on reacti

on 3 – balancin
ation was ba
ygen. The ‘Hel
s, products, an

me by content e
ea, with a mean
m learning. Th
t a very good 
the media’s ca

ness as a learn
ssroom; and i
ms of text ele
was well-stru
tive communic
eeting quality 
d multimedia a

ducation and Le

105 

cted everyday 
s. The ‘Help’ 
nts, number of

 

ion and assista

g on counting 
ctions common
vant concepts. 
with images.

 
ion and assista

ng previously 
arbeque grillin
p’ button was 
nd calculation 

experts (3 expe
n score of 5.00

he evaluation b
level. The top

apacity to mak
ning tool to s
its effectivene

ements, the lan
ctured and p
cation. Animat
standards. Ov
aspects. 

earning

product was m
button was a

f atoms, and ch

ance for Missio

atoms in bala
nly found in d
 The explana

ance for Missio

unbalanced ch
ng with charc
available to al
of the numbe

erts), the mean
0, was the con
by media and
p three graphi

ke learning enj
upport studen
ess in enhanc
nguage was ac
properly form
tion elements 
erall, the com

mouthwash and
available to all
hemical formu

on 2 

anced chemica
daily life. The 
ation of reacta

on 3 

hemical equatio
coal, producin
llow the player
r of atoms wa

n score reached
ntent's appeal in
d technology e
ic elements, w
joyable, motiv
nts’ comprehen
cing students’
ccurately used

matted. Senten
featured suita

mputer game w

Vol. 13, No. 3;

d the players h
low the playe

ula was given a

 

al equations of
‘Help’ button

ants, products,

 

ons related to 
ng an incom
rs to study rele

as given along 

d 4.56, indicat
n the media an
experts (3 exp

with average sc
vating students
nsion of balan
 understandin

d, clear, and e
nce structure 
able size, clear

was deemed to 

2024 

had to 
ers to 
along 

f acid 
n was 
, and 

daily 
mplete 

evant 
with 

ting a 
nd its 
perts) 
cores 
, and 
ncing 
ng of 
easily 

was 
r and 
meet 



jel.ccsenet.org Journal of Education and Learning Vol. 13, No. 3; 2024 

106 

4.2 Result of Learning Achievement Evaluation Before and After Using the Computer Game for Balancing 
Chemical Equation Skill of Mathayom Suksa Four Students  

 

Table 1. The analysis of learning achievement evaluation before and after using the computer game 

Evaluation N Mean Standard Deviation t df sig 

Pretest 27 11.52 2.79 4.04 26 0.00** 
Posttest 27 13.52 2.55 

Note. ** A statistical significance level of 0.01. 

 

Following the assessment of learning achievement before and after utilizing the computer game, it was evident 
that the posttest mean score surpassed the pretest mean score. This comparison between the pretest and posttest 
scores distinctly indicated that the learning achievement following the utilization of the computer game exceeded 
the achievement before its application. This disparity in achievement held statistical significance at the 0.01 level, 
as illustrated in Table 1. 

The evaluation form for understanding the skill of balancing chemical equations among Mathayom Suksa four 
students provided pretest and posttest scores, which were subject to analysis using the normalized gain (<g>) 
method, following the formula established by Hake R.R. (1998). This analysis was conducted with the purpose 
of assessing the progress in learning concerning the three defined learning objectives both before and after the 
implementation. The outcomes of this analysis had been detailed in Table 2. 

 

Table 2. The learning progress evaluation before and after using the computer game based on 3 
learning/evaluation objectives. 

Learning Progress Based on Evaluation Objectives Item Progress 

<g> Interpretation

1. The students understand that chemical equations encompass the chemical formulas of reactants and 
products, directional arrows indicating the reaction's progression, and potentially symbols denoting 
the state of substances or other factors relevant to chemical reactions. 

1–5 0.0 Low 

2. The students grasped the concept that chemical reactions involve transformations resulting in new 
substances, while the type and quantity of atoms of each element remain unchanged. 

6–10 0.7 High 

3. The students are able to identify and demonstrate the coefficients acquired through the process of 
balancing chemical equations. 

11–15 0.6 Moderate 

 

The table above illustrated that this computer game was most effective in advancing the students' learning in 
alignment with the second objective, achieving a high level of normalized gain (<g>) at 0.7. This was followed 
by a moderate level of learning development in the third objective, with a <g> of 0.6. However, the learning 
development related to the first objective achieved a low level with a <g> of 0.0. This was attributed to the fact 
that a significant proportion of students were able to answer the questions correctly prior to playing the game. 
Subsequently, after engaging with the game, there was a slight increase in the number of students providing 
correct answers. 

The assessment of learning progress was carried out to provide an overview of the entire class. This assessment 
involved the use of a pretest and posttest, each comprising 15 items, to evaluate learning achievements before 
and after the utilization of the computer game. The outcomes of this assessment were presented in Table 3. 

 

Table 3. The analysis of learning progress in the classroom using pretest and posttest evaluation of learning 
achievement before and after using the computer game for balancing chemical equations skill of Mathayom 
Suksa four  

Number of All 
Students 

Pretest (Full score of 15 marks) Posttest (Full score of 15 marks) Progress 
Mean % pretest Mean % posttest <g> Interpretation 

27 11.52 76.80 13.52 90.13 0.6 Moderate 

 

The table above illustrated that the average score (mean) before learning (% pretest) was 76.80, while the 
average score after learning (% posttest) was 90.13. The normalized gain (<g>) was calculated at 0.6, indicating 
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inherent educational nature, setting them apart from typical games. Consequently, during the design and 
development phases, it was crucial to incorporate instructional content and aim for a balance between the 
educational and recreational elements of the educational game. 

Additionally, this study revealed that utilizing a computer game for mastering the skill of balancing chemical 
equations was an effective learning method. Beyond comprehending the principles of balancing chemical 
equations, students found enjoyment in the game, as it offered self-paced learning opportunities outside of the 
classroom. This approach presented an alternative that could alleviate limitations associated with cost and human 
resources, making learning more accessible and effective. These findings aligned with the research conducted by 
Kaliappen (2019), which demonstrated that computer-based simulation games had the potential to yield positive 
outcomes, including enhanced learning, skill acquisition, and the cultivation of teamwork among students 
engaged in collaborative learning experiences. Moreover, the computer game facilitated a better understanding 
of language usage, consistent with the findings in the study by Turan, Avinc, Kara and Gokta (2016). In their 
mixed-method research, a comparison between gamification-based approaches and conventional instructional 
methods revealed that gamification significantly improved academic performance, reduced cognitive workload, 
and enhanced overall perceptions among the experimental group, resulting in higher academic achievement. This 
motivation-enhancing approach also resonated with the work of Halloluwa, Usoof and Hewagamage (2014), 
who explored methods to stimulate learner motivation in primary education in Sri Lanka. Their paper 
emphasized the recognition of various types of computer and video games suitable for educational purposes 
within the classroom environment. Furthermore, a wide array of benefits associated with these games, such as 
their capacity to drive continuous improvement in students, nurture the development of complex 
problem-solving skills, and facilitate collaborative learning, was acknowledged as factors supporting their 
integration into the learning process. This, in turn, contributed to the creation of a more engaging and enjoyable 
classroom atmosphere. However, it was essential for teachers to employ effective pedagogical strategies to 
ensure a successful learning experience for students. After the implementation of the computer game for 
enhancing chemical equation balancing skills, students’ learning achievements improved compared to their 
performance before using the game. Additionally, students expressed a high level of satisfaction. These 
outcomes underscored the importance of teachers in addressing problems, analyzing the learning context, 
understanding students’ needs, and considering their individual characteristics. Teachers adopted a 
student-centered approach to facilitate direct experience and exposure. The materials developed were tested and 
refined to suit the students’ needs. Moreover, students were encouraged to practice and review lessons with 
prompt feedback, aligning with the ADDIE model learning design. In a study of Sameer Mosa Alnajdi’s research 
(2018), “The Effectiveness of Designing and Using a Practical Interactive Lesson based on ADDIE Model to 
Enhance Students’ Learning Performances in University of Tabuk” The study aimed to assess the improvement 
and development of students’ performance through the implementation of practical interactive lessons based on 
the ADDIE model. The research involved pre-test and post-test evaluations for both groups, and the t-test results 
indicated significant improvement in students’ performances in learning. 

The findings demonstrated that both lessons positively affected the enhancement and development of students’ 
performance. Furthermore, the statistical analysis affirmed that the practical interactive lesson, based on the 
ADDIE model, had a more substantial impact compared to traditional teaching methods. This conclusion 
addressed the study’s central question regarding the effectiveness of using practical interactive lessons to 
enhance students’ learning performance (“Does using practical interactive lesson based on ADDIE model 
enhance students’ learning performance?”). The results indicated a positive and effective impact on students’ 
performance when utilizing a well-crafted practical interactive lesson. In conclusion, learning through a 
computer game designed based on the ADDIE model presented an intriguing alternative that could be applied to 
enhance students’ skills and knowledge. 
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