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ABSTRACT
This study investigated the effectiveness of game-based simulation through animated graphics on 
students’ concept learning on the topic ‘Stars and Constellations.’ A class of Grade 6 students at 
Panghulo Elementary School in Panghulo, Obando, Bulacan, was selected as participants for the 
study. The sample consisted of 34 sixth-grade students (17 males and 17 females). The students’ con-
cept learning was determined through the administration of 4-item visual two-tier multiple-choice, 
open-ended questions. The dependent t-test was used as a statistical treatment to measure the ef-
fectiveness of the pre-test and post-test. Results suggested that using a game-based simulation has 
positive effects on the learners’ conceptual understanding and has generally satisfied their learning 
experiences. The researchers also used a self-reflective journal questionnaire to express the students’ 
perceptions of what had been studied and discussed during the lesson. The reflection process using 
a journal is important to monitor and evaluate the students’ understanding of concepts in Science.

INTRODUCTION

On the horizon of a fast-changing world, science 
education experienced ample growth over the past 
years. Its improvement in science literacy records var-
ious attempts in measuring and determining students’ 
performance and attitudes towards Science. This de-
velopment requires science teachers to be more effi-
cient and innovative for the students to have higher 
achievement and favorable attitudes towards the sub-
ject.

The lack of instructional materials has challenged 
the teaching of Science. Most of the time, teachers 

rely on textbooks to facilitate the learning of science 
concepts. Using concrete materials in Science allows 
students to learn based on first-hand experiences other 
than abstract concepts (Acuna,  Gutierrez,   & Areta, 
2015).

Today, educators are constantly searching for in-
structional strategies that help the students gain vital 
ideas and concepts in Science. Likewise, they upgrade 
their pedagogical skills through an inquiry-based 
teaching science approach (Acuna et al., 2015).  The 
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integration of technology in education, such as game 
simulation, can be used in teaching science concepts.

Traditionally, the word game has been used to 
connote a pastime of trivial and fun endeavor. It is 
this connotation that today some educators flinch 
when they hear the use of games as a teaching strate-
gy in the classroom. Magnussen (as cited in Magnus-
sen, Hansen, Grønbæk, Mølmer,  &  Sherson, 2012) 
claimed that games are useful for creating narrative 
frameworks or simulations that allow students to gain 
first-hand experience on scientific contexts or phe-
nomena they would not experience directly in Science 
class.

Simulations are a powerful tool for learning. They 
allow teachers to integrate multiple teaching objec-
tives in a single process. They motivate students, pro-
vide opportunities for active participation to promote 
deep learning, develop interactive and communication 
skills, and link knowledge and theory to application 
(Hertel & Millis, 2002). Simulations create a scenar-
io-based environment, where students interact to apply 
previous knowledge and practical skills to real-world 
problems, allowing teachers to reach the goals set for 
the subject (Andreu-Andrés & García-Casas, 2011; 
García-Carbonell & Watts-Hooge, 2012; Angelini, 
García-Carbonell, & Martínez-Alzamora, 2015).

Game-based learning is one of the simulations that 
has been applied in many science-related school sub-
jects. Game-based learning incorporates games or 
components of games to stimulate student engage-

and participation during the learning process. It is 
“precisely about fun and engagement, and the coming 
together of serious learning and interactive entertain-
ment into a newly emerging and highly exciting me-
dium." (Prensky, 2001).

Baadel, et.al. (as cited in Mattheiss, Kickmei-
er-rust, Steiner, & Albert (2010) and Yien  & Lin, 
2011) mentioned that using games as educational 
tools can contribute positively to the learning envi-
ronment as concepts are reinforced, and skills, such 
as problem-solving, creativity, memorization, and 
teamwork are developed. Studies and research show 
that “game-based learning could be the best way to 
trigger students’ learning motivation” and “stimulate 
children’s abstract thinking during the process of cog-
nitive development”. The structure of games, such as 
rules, objectives, challenges, problems, solutions, re-
sults, point system, can be implemented into a lesson 
and transform the learning experience from passive 
and boring to active and engaging. However, it is es-
sential when using game-based learning that levels of 
difficulty and ability are considered; otherwise, stu-
dents would experience boredom or restlessness. 

Adopting game-based learning, however, has to 
be planned thoroughly and systematically. The ulti-
mate goal is to ensure that students’ learning and skill 
development are enhanced with games in the class-
room.

A preliminary investigation was conducted to 
determine the level of students’ prior knowledge of 
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"Stars and Constellations. " The research study in-
volved an intact experimental group of Grade 6 stu-
dents. The students were asked to answer the Visual 
Concept Questions (VCQs) and Two-Tier Multiple 
Choice Questions (MCQs) Pre-test.

Two-Tier MCQs are similar to the format of the 
traditional MCQs, but as the name suggests, they con-
tain the second tier of questioning associated with 
the main question. This second tier aims to promote 
higher-order thinking and reasoning skills among stu-
dents. The first tier of the question usually pertains 
to a knowledge statement. The second element of 
the question facilitates testing the students' learning 
beyond recall and into the higher levels of thinking 
(Cullinane, 2011). 

Using games as educational tools can contribute 
positively to the learning environment as concepts are 
reinforced and skills, such as problem solving, cre-
ativity, memorization, and teamwork, are developed. 
Studies show that “game-based learning could be the 
best way to trigger students’ learning motivation” and 
“stimulate children’s abstract thinking during the pro-
cess of cognitive development” (Yien  & Lin, 2011).
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Figure 1 presents the graphical framework of the 
study. It depicts how Game-Based Simulation influ-
ences the students’ learning and how their learning 
experiences and perceptions towards the game affect 
their learning of Science.

This study aimed to find out how the Game-Based 
Simulation approach influences the students’ learning 
and how their learning experiences and perceptions 
towards the game affect their learning on Science.

Specifically, the study sought to shed light on the 
following questions:

1. Is there a difference between the pretest and 
posttest mean scores in the achievement test 
before and after using game-based simulation 
through animated graphics?

2. What are the students’ perceptions of game-based 
simulation in learning the lesson on Stars and 
Constellations?

Schullery & Schullery, 2006 study (as cited in 
Wang, 2013) found that the communications among 
group members in heterogeneous groups lead them 
to understand their thoughts and other members' 
thoughts, which can help them successfully finish 
group tasks. However, the learning atmosphere of het-
erogeneous groups may not be as good as that of ho-
mogeneous groups because, in heterogeneous groups, 
conflict can be more serious due to different perspec-
tives and backgrounds.

Figure 1. Framework of the Study

MATERIALS AND METHODS
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Schullery and Schullery's 2006 study (as cited in 
Wang, 2013) found that the communication among 
group members in heterogeneous groups lead them 
to understand their thoughts and other members' 
thoughts, which can help them successfully finish 
group tasks. However, the learning atmosphere of het-
erogeneous groups may not be as good as that of ho-
mogeneous groups because, in heterogeneous groups, 
conflict can be more serious due to different perspec-
tives and backgrounds.

Respondents’ distribution is presented on the table be-
low.

Group Members Number of 
Members

1
Highest
Lowest
Average

8

2
2nd highest
2nd lowest

Average
8

3
3rd highest
3rd lowest
Average

8

4
4th highest
4th lowest
Average

5

5
5th highest
5th lowest
Average

5

34

The researchers used the Game-Based Simulation 
as a teaching strategy in teaching Science. The inter-
active game application - Space-Hopper Constellation 
Game which is freely accessible at Funbrain Holdings 
LLC.(n.d). SpaceHopper. https://www.funbrain.com/

games/space-hopper was used as a simulation on the 
topic Stars and Constellations.

Williams' 2006 study (as cited in Cullinane, 2011) 
mentioned that Two-Tier MCQs are classified into 
the genre of tests known as “Objective Tests''.  The 
design of Two-Tier MCQ uses Bloom's taxonomy 
(1956) as a foundation for promoting different levels 
of thinking (Williams 2006). This instrument of ques-
tioning makes it easier to test students’ higher level of 
thinking, more so than conventional MCQs (Connel-
ly, 2004; Mann and Treagust, 2000; Williams, 2006). 
The purpose of the questions is to help both student 
and teacher to identify student problem areas so they 
could be re-taught to correct any misconceptions or 
areas of difficulty and develop a deeper understanding 
of a topic (Mann & Treagust, 2000; Odom, & Bar-
row, 1995). Therefore, a Two-Tier MCQ instrument 
is a reliable and valid diagnostic measurement of sec-
ond-level students’ understanding of biology (Haslam 
& Treagust, 1987).

The researchers also used a self-regulated reflec-
tive journal questionnaire as a tool for the students to 
express their perceptions on what had been studied 
and discussed during the lecture. Writing reflective 
journals can reinforce reflection-in-action because it 
allows students to reach a higher level of correlation 
between theory and practice. Therefore, the main pur-
pose of using reflective journals in education is to en-
courage students to be more aware of what they do, 
how they do it, and why they do it. Likewise, jour-
nals are helpful for students to identify useful prob-
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lem-solving strategies and recognize their strengths 
and weaknesses in understanding content knowledge, 
procedures, practical skills development, and applica-
tion. Reflection also allows students to acknowledge 
emotions and feelings that otherwise may form barri-
ers to learning. However, there is a  need to acknowl-
edge the fact that reflection does not just happen. Re-
flection is an active and effortful activity. It is a skill 
that needs to be developed, nurtured, and refined.

The researcher briefly explained the purpose of 
the study and asked the respondents to complete the 
survey sheets that contain the research instruments. 
The researcher then checked, tallied, encoded the re-
sponses in each instrument, and consolidated them. 
Descriptive analysis was used to analyze the stu-
dents' perception using the game-based simulation in 
the teaching of stars and constellations. Performance 
standard was evaluated using portfolio assessment. 
The results of the pretest and posttest were analyzed 
using t-test as the statistical treatment.

Performance standard was evaluated using portfo-
lio assessment. The results of the pretest and posttest 
were analysed using t-test as the statistical treatment.
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The participants in this study used the game-based 
Space Hopper simulator to identify the constellations 
in the sky on the computer provided by the research-
ers. The game was introduced in the Activity part of 
the lesson. The students were too excited to use the 
game.  The simulation consisted of four categories- 

Figure 1. Flowchart showing the data gathering procedures made by 
the researchers
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Easy, Hard, Zodiac (12) Constellations, and Major 
(27) Constellations with different levels. As the lev-
el became more difficult, the number of students and 
the frequency of unwanted behavior increased. The 
researchers established eye contact with the students 
during the lesson and intervened when unwanted stu-
dent behavior occurred. The students’ progress was 
immediately shown on the projector.

The participants’ responses were clustered into 
themes generated from the data. The themes were 
directly derived from the research problems of the 
study: (1) Performance achievement of the students in 
the pretest and posttest before and after using game-
based simulation; and (2) Students’ perceptions on the 
use of game-based simulation in the teaching of stars 
and constellations. The data gathered were presented 
in tables and were described and discussed in narra-
tive form.

Table 1 shows that in the pretest, the lowest score 
is three while the highest score is 11, which has a 
mean of 7.79 and 2.35 from the deviation.  Eight is 
the lowest score, and the perfect score of 20 is the 
highest score which has 16.09 as mean and 4.20 SD 
value in the posttest. The big gap between the mean 
and statistical deviation shows that the students' pre-
test and posttest mean scores significantly differ after 

using game-based simulation teaching strategy on the 
lesson Stars and Constellations.

This table shows the effectiveness of game-based 
simulation on teaching Stars and Constellations based 
on the results gathered and analyzed.

Table 2 shows that the mean score of the pretest 
scores is 7.79, and the mean of the posttest scores is 
16.09, with a mean score difference of 8.30.  The com-
puted t-value is 11.87, which is higher than the critical 
value of 2.042 and degrees of freedom of 33 at     < 
0.05 level of significance. The result indicates a signif-
icant difference between the pretest and posttest using 
the Game-Based Simulation teaching strategy. The 
use of game-based simulation significantly enhanced 
the students’ performance and knowledge about stars 
and constellations.

According to Prensky (2005), game-based learn-
ing incorporates games or components of games to 
stimulate student engagement and participation dur-
ing the learning process. He cited that all digital game-
based learning is based on two key premises:  (1) to-
day's learners have changed in some fundamentally 
important ways. Growing up with digital technology, 
of which computer and video games are a major part, 
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RESULTS AND DISCUSSION

Table I. Analysis of Pretest and Posttest Scores

Table II. Comparison between the Pretest and Posttest Mean Scores
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has dramatically-and, importantly, discontinuous-
ly-changed the way people raised in this time think 
and process information. These changes have been 
so enormous that today’s younger people differ from 
their parents and all preceding generations; and  (2) 
Computer games can provide a new way to motivate 
today’s students to learn. One of the growing prob-
lems facing all formal learning, whether classroom, 
online, distance, or “e-“, is keeping students moti-
vated to stick with the learning process to the end of 
a class, lesson, session, course, semester, or degree. 
However, teaching strategies that motivated learners 
in the past do not motivate today's generation of learn-
ers.  Indeed, there is a need to innovate ways of teach-
ing to address the Generation Z learners.

As shown in Figure 1, most students (41%) felt 
happy, (29%) were excited, (18%) were amazed, and 
(12%) found the first activity easy, Part 1. Engaging 
the students in hands-on activities shows a positive 
result and positive feedback from the learners.

Scholarum: Journal of Education Vol. 1, No. 1,  August 2021

www.scholarum.dlsl .edu.ph |  94
Scholarum:Journal of Education by De La Salle Lipa is l icensed under a 
Creative Commons Attribution-NoDerivatives 4.0 International License.

 Maria Fe C. Ascaño & Princess T. Flores

As shown in the self-regulated summary in Fig-
ure 2, most students (44%) felt happy, (29%) were 
excited, (21%) were amazed, and (6%) found the first 
activity, easy, Part 2. Engaging the students in hands-
on activities shows a positive result and positive feed-
back from the learners.

As shown in the self-regulated summary in Figure 
3, most students (56%) felt happy, (35%) were excit-
ed, and (9%) were amazed by the activity. Engaging 
the students in hands-on activities shows a positive 
result and positive feedback from the learners.

After discussing the topic, the students gave their 
feedback on the lesson and their teachers. These were 
the common words used as responses:

At the end of the lesson…
-I learned more
-I enjoyed the lesson
-I realized that stars are important
-I realized that listening to teachers is important

The learners think that their teachers…
- were kind and courteous
- were very nice
- were neat and beautiful

Figure 1. Self-regulated Journal for Activity 1 Stars and Constellations
Part1 Color and Temperature of a Star

Figure 2. Self-regulated Journal for Activity 1 Stars and Constellations
Part 2 Brightness of a Star

Figure 3. Self-regulated Journal for Activity 2 Game-Based Simulation
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-got our (students’) attention on 
the activities
-guided us well on the activities
-taught us well 
-always smile
-gave us feedback like good and very good

Based on the data gathered for this study, the re-
searchers were able to conclude that:
1. The game-based simulation through animated 

graphics tends to enhance student achievement on 
stars and constellations. Despite its limitations, the 
study found the positive effects of said teaching 
approach, with the posttest mean scores gaining 
much higher results when compared to the pretest.

2. The learners had positive feedback on Game-
Based Simulation with their learning experiences 
about stars and constellations.

3. The game-based simulation exposes the students 
to a more interactive mode of learning. The learn-
ers’ self-regulated reflective journal indicated pos-
itive results and positive feedback from the stu-
dents.

Based on the outcomes of this study, it is recom-
mended that science teachers consider using Game-
Based Simulation teaching approach in teaching 
heterogeneous classes to help improve the students’ 
classroom performance. An appropriate training pro-
gram on the simulation mechanics may be planned 
and conducted for teachers to become aware of and 
competent in its use. Likewise, the study may be repli-

cated in other schools utilizing a larger sample to vali-
date and generalize the results of this research.
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CONCLUSION AND RECOMMENDATIONS
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