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ABSTRACT

The objective of this study is to develop Newton's Law educational games for form four Physic
students. This software developed in Malay Language and the contents arranged according to Form
Four Physics syllabus. This game was developed based on Rapid Prototyping model. Unity3D
software used as main software in developing this game and also supported by Photoshop Adobe 7.
This software contains multimedia elements which made this software more attractive, interactive
and consequently could help students understanding of the Newton’s Law. This educational games
gives hopes that inspire and help students to master the concepts and skills of Physics.
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1.0 INTRODUCTION

Country's vision is towards produce and nurture a society that is modern and progressive, namely
society that always visionary towards country's future progress. Therefore, education is one of the
sources in development of the nation. In aiming globalization era, development in lesson system and
learning (T&L) is very important in producing proactive and skilled society in facing competition in
global level (Awang & Mohamed, 2011).

Nowadays, education system undergoes fast changes. VVarious new methods was introduced and used
so that lesson of a teacher becomes more effective and more meaningful for student learning. Since
the past few years instruction method and computer aided learning have first introduced and present
with information and communication technology (ICT) era that is rapidly increase and getting
attention by many people (Jamaluddin & Zaidatun, 2003).

As Physics need for development of a country, so an education approach and teaching aid material
that are suitable should be used to give understanding that is comprehensive to students in learning
Physics. Technology assistance in education system seemed able to increase effectiveness of the
teaching process and learning (YYahya Othman & Raini Pakar, 2011). Thus, development based on
technology is easier developed and beneficial for student.

20 BACKGROUND OF PROBLEM

Physics often assumed difficult and uninteresting to the detriment of mastery and student
achievement (Agwagah, 2005; Mazur, 1997; McDermott, 1993). Some factors which influenced
level of student's mastery towards Physics are they do not understand the concept, lack of critical and
creative thinking, insufficient exposure toward concepts, lack of new and modern learning facilities
and boring learning methods (Ifeanacho, 2012; Agommuoh, 2010; Ogbonna 2007; Agwagah, 2005).
The use of technologies for instance computer simulation and computerized interface equipment will
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help students in understanding the abstract physics concept therefore learning become more
meaningful and attractive to students. However, to develop software packages to the purpose is not
an easy thing to be done. It requires a group of builder or one who willing to vacate time, have high
creativity and having knowledge in programming languages like Authorware, Director and so on
(Krishna, 2000).

3.0 PROBLEM STATEMENT

In Form Four Physics syllabus, Force and Motion are difficult to be learnt because it contains many
sub-topics (Lilia et al., 2002). Study carried out by Phang & Noor Izyan (2012) finds that topic that
is weakest among student is Newton’s Law.

Students have limited time to master this topic in school because each topic needs to be taught
according to plan. Teachers should complete syllabus according to examination calendar that had
been set by the top level. This is because education system in Malaysia is examination based. This
system seems students will only be given exercises and memorize important facts which finally will
be forgotten (Razali Ismail, 2002). Student that memorize can only store information in short period
of time (Aminah Ayob, 2008).

Diagnostic test result carried out on 189 form four Physics student in Kuala Kangsar, Perak find that
students face problems in force concept. They still not able to construct the force schema due to
existing knowledge owned by them depend on exposure that they received before learn something
and premised their own experience. Students always give Physics concepts which are contradictory
to the real scientific concept (Anderson, 1986; Fisher, 1985; Gilbert & Watts, 1983; Helm, 1980).

Therefore, it is necessary to develop an educational games software that could assist teacher
diversify T&L technique in increasing student's comprehension and also of their interest in
Newton's Law. Software developed will use Malay Language as medium of instruction.

4.0 RESEARCH OBJECTIVES
a) To develop effective and efficient educational games software
b) To implement effective lesson strategy that can help students learn Newton's Law by itself

50 LITERATURE REVIEW

Technology has been implemented in T&L to improve student's achievement. Many studies were
carried out to study the technology implementation in education field (Bell et a.l, 2013; Plass et al.,
2012; Zheng et al., 2008; Mayer, 2005). Technology assistance can encourage student to involve
actively in learning (Roy & Chi, 2005; Markey, Power & Booker, 2003) beside deepen their
understanding towards scientific concept that is complex and abstract (Bell et al., 2013; Plass et al.,
2012; Trundle & Bell, 2010). Actively engaged student in learning process will help further to
increase their comprehension toward learning, further produce effective and efficient.

In line with the impact of sudden change of technology implementation in education, education
system should be upgraded continuously coherent to the development of technology. Malaysian
Ministry of Education (MOE) must emphasise the use of technologies in T&L as a need in
supplying students with scientific and quality study. In this study, technology is applied as teaching
aid is education game software.
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51 Newton's Law Learning Gap

Research showed that student’s achievement that learns Newton’s Law is low. Table 1 show
Newton's Law learning problem could be categorised into two aspects, namely terminology
education approach and problem solving approach.

Table 1: Newton’s Law learning problem

Approach Learning Problem

Terminology a) Definition of force
i) Fragmentted critical element usage
if) Definition usage from textbook / reference books
iii) Formula usage
iv) Misconception

b) Force arrow size
c) Force and Motion term

i)  Synonymous terminological usage
ii) Self interpretation

Problem Solving d) Resultant force

e) Force resolution
i) Draw diagram
i) Memorize the force resolution rule

5.2 Educational Games Software

Educational games software is teaching aid material which involves education pedagogy (Zyda,
2005) and arranged based on by MOE syllabus description (KPM, 2012; Royle, 2008). It can make
the T&L process more effective and efficient (Squire 2002; Soloway & Bielaczyz, 1996; Emery &
Enger 1972).

Educational games software combine tutorial and simulation. It designed in the form of game to
attract attention (Tuzun, 2007) and not just focus on commercial value solely. Education game
software which combines multimedia elements like texts, graphics, animations, audios and videos
can motivate the learning process (Jonker, et al., 2009; Gee, 2004), contructing schema (Schnittka
& Bell, 2009; Bell & Trundle, 2008; Allen, 2007; Mohd Arif, Abdullah & Rosnaini, 2000; Zaidatun
& Yap, 2000) and improve the period of long-term memory (Toh, 1999; Najjar, 1996; Nastasi &
Clements, 1993; Sewell, 1990).

Educational games software development designed especially to help students, either high ability
student or low ability student. They can get particular skill while playing (Milosevic, et al., 2010).
For high ability student, they can construct their own schema through existing knowledge and new
knowledge received without with help from outside (Clark, 2008; Mayer, 2001). For low ability
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student with their poor existing knowledge, they need help during learning process in order to
strengthen their schema construction (Mayer, 2001; Hannafin, 1997). Therefore, scaffolding
technique in design of certain education software for low ability student need to be emphasized.

5.3 Mayer Rapid Prototyping

Newton's Law educational games software developed using Rapid Prototyping model. Rapid
Prototyping model can be used in educational games software development (Tripp & Bichelmeyer,
1990). There is five phases to design educational games software like Figure 1, namely (a) Assess
needs and analyze content, (b) set objective, (c) construct Newton’s Law Educational Games
Prototype (design), (d) construct Newton’s Law Educational Games Prototype (research) and
(e) install and maintain system.

Assess needs and analyze Set objective

Construct Newton’s Law Prototype (Design)

Utilize Newton’s Law Prototype (Research)

Install and maintain system

Figure 1: Rapid Prototyping Instructional Design Model for Newton’s Law
(adapted from Model Allen, 2007)

Phase 1: Assess needs and analyze content

In this phase, researcher gather information through survey research from journal, reference books
and information from the internet about Newton's Law learning problem. Apart from that,
researcher interviewed a few excellent teacher and Physics committee teacher to help researcher
identify problem faced by students in Newton's Law topic. After that, researcher built diagnostic
test based on Form 4 Physics syllabus which contains Newton's Law topic. There were 13 questions
built based on by Taxonomy Bloom level as shown in Table 2. This diagnostic test purpose is to
identify the problem faced by students in every question level.

86



INTERNATIONAL JOURNAL OF EDUCATION AND RESEARCH VoL. 4 No. 10 OcToBER 2016

Table 2: Diagnostic based on Taxonomy Bloom level

Taxonomy Bloom Level Question Number
Memorizing 1,2
Understanding 3
Applying 45,6,7,8,9,10
Analysing 11
Evaluating 12
Creating 13

To determine Newton's Law learning gap, researcher evaluated student existing knowledge through
diagnostic test. Researcher had conducted preliminaries study on 189 students from secondary
school in Kuala Kangsar, Perak. Based on the early survey results, it shows that student face
difficulties applying the abstract force concept in order to construct new knowledge of forces. Thus,
Newton's Law educational games software are designed with regard the early survey results towards
Newton's Law learning gap to activate again existing knowledge and construct new knowledge for
student so that they can concrete the abstract force concept further and build force schema to
increase student's achievement in Newton's Law.

Phase 2: Set objective

Learning objective construction need to be detailed on what will be learned so students can agree
with complete and suitable design (Allen, 2007). So, researcher fix first learning objective that want
to be achieved in the form of learning behaviour that need to be controlled in learning end as shown
in Table 3. Stimuli chosen must follow the learning objective so that learning objective will be
responded and accepted.

Table 3: Newton’s Law educational games learning objective

No Learning Obijective

1 Describe situation of force

2 Identify resultant force

3 Resolution of forces

4 Solve problem involving force

Learning objective in Newton's Law educational games software built according to Taxonomy
Bloom level namely remember, understand and apply level to help students conceptualize and skill
of effort. Remembers and understand level requires student to use mental process to remember
again and interpret what has been learned (Krathwohl, 2002; Gierl, 1997). The level of apply test
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the students' capabilities in using all concepts, procedure and principle to solve problems (Castle,
2003; Krathwohl, 2002).

Phase 3: Construct interactive Newton’s Law prototype (design)

Researcher had developed educational games software that integrates multimedia element and based
on game related to student daily life. In this study, there are two educational games software design
type, namely educational games software with self explanation (SE) and educational games
software without self explanation (NSE). Both games have same design and content but only one
difference, namely self-explanation. Newton's Law educational games software developed in Malay
Language because the language has been transferred from English Language to Malay Language.

SE and NSE educational games software developed by researcher provide the opportunity to
integrate idea, construct force schema and develop automation (through picture and self-
explanation) knowledge transfer in near transfer and far transfer (Renkl et. al., 1998). Educational
games software SE and NSE which combines verbal model design element and authentic,
scaffolding technique and prior knowledge. All games designed based on daily life situation in form
authentic to stimulate intrinsic learning motivation and encourage actively engaged student in
learning (Markey, Power & Booker, 2003).

Phase 4: Utilize interactive Newton’s Law prototype (research)

Newton's Law educational games software implemented to Form 4 Physics student in pilot study.
This phase involve detection of any educational games software weakness developed. Change on
design and force content will be made if there is weakness. Based on pilot study, there is
improvements that need to be given attention are terminological usage reduction and optimization
of force content that is too long and excessive subtopics.

Phase 5: Install and maintain system

Through install and maintain system, researcher needed to determine whether problem faced has
been completed, Newton's Law learning objective has been achieved and Newton's Law educational
games software effectiveness based on the ability level different students. Result of install and
maintain system carried out will help in making suggestions for improvement.

6.0 DISCUSSION

Educational games software is a teaching aid material which using the computer for T&L. Entire
content education and training prepared followed all the Secondary School Integrated Curriculum
Syllabus (KBSM). In developing this software, researcher had used Rapid Prototyping Model
design as guide. This software built by using Unity3D. Software built based on cognitive learning
theory and behaviourism learning theory. At the same time, software also used multimedia elements
like text, graphic, animation, audio and video. These elements are important to convey information
and fill education with more effectiveness to students. With this software, hoped it can provide
assistance and reference to students in learning Newton's Law. For software developer on the other
hand, hoped it could give a bit guide and reference in an effort to produce more high quality
software.

88



INTERNATIONAL JOURNAL OF EDUCATION AND RESEARCH VoL. 4 No. 10 OcToBER 2016

ACKNOWLEDGMENT
MyBrainl5 Scholarship, Minister of High Education Malaysia

REFERENCES

Agommuoh, P. C. (2010). Effects of prior knowledge, exploration, discovery, dissatisfaction with
prior knowledge (PEDDA) and the learning cycle (TLC) constructivist instructional models
on students’ conceptual change and retention in physics.

Agwagah, U. N. V. (2005). Teaching mathematics for critical thinking, essential skill for effective
living. ABACUS,30(1), 38-45

Allen (2007). Designing successful e-learning. Pfeiffer, San Francisco

Aminah Ayob (2008). Melangkah ke hadapan ke arah membangunkan Modal Insan yang celik
Sains, Matematik dan Teknologi. Prosiding Seminar Kebangsaan Pendidikan Sains dan
Matematik, UTM

Anderson, B. (1986). Pupils’ explanations of some aspects of chemical reactions. Science
Education, 70(5), 549-563

Awang M. & Mohammed A.H. (2011). Malaysian Polytechnics Transformation of Excellence
Entails Competence in Facilities Management. International Journal of Emerging. Science.
1(3): 260-284

Bell, R. L., & Trundle, K. C. (2008). The use of a computer simulation to promote scientific
conceptions of moon phases. Journal of Research in Science Teaching, 3, 346-372

Bell, R. L., Maeng, J. L., & Binns, I. C. (2013). Learning in context: Technology integration in a
teacher preparation program informed by situated learning theory. Journal of Research in
Science Teaching, 50, 348-379

Castle A. (2003). Demonstrating Critical Evaluation Skills Using Bloom’s Taxonomy. International
Journal of Therapy and Rehabilitation. 10(8), 369

Clark R.C. (2008). Building Expertise: Cognitive Methods for Training and Performance
Improvement (3rd ed). San Francisco: Pfeiffer

Emery, E., & Enger, T. P. (1972). Computer gaming and learning in an introductory economics
course. The Journal of Economic Education, 1972, 3, 77-85

Fisher, K. M. (1985). A misconception in biology: amino acids and translation. Journal of Research
in Science Teaching, 22(1), 53-62

Gee, J. P. (2004). Situated language and learning: A critique of traditional schooling. London:
Routledge

89



ISSN: 2411-5681 WWW.IJERN.COM

Gierl M.J. (1997). Comparing Cognitive Representations of Test Developer and Students on a
Mathematics Test With Bloom's Taxonomy. Journal of Educational Research. 91(1): 26-32

Gilbert, J. K. & Watts, D.M. (1983). Concepts, misconceptions and alternative conceptions:
changing perspective in science education. Studies in Science Education, 10, 61-98

Hannafin M. J. (1997). The Case For Grounded Learning Systems Design: What The Literature
Suggests About Effective Teaching, Learning, and Technology. Educational Technology
Research & Development. 45(3): 101-117

Helm, H. (1980). Misconceptions in physics amongst South African students. Physics Education,
15, 92-105

Ifeanacho, A. O. (2012). Effect of Kumon teaching strategy on junior secondary school students’
achievement, interest and retention in statistics.

Jamaluddin Harun & Zaidatun Tasir. (2003). Multimedia dalam Pendidikan. Bentong: PTS
Publications and Distributors Sdn Bhd.

Jonker, L., Elferink-Gemser, M. T., & Visscher, C. (2009). Elite youth athletes and academic
achievements: a comparison over 14 years. High Ability Studies, 22, 55-64

Kementerian Pendidikan Malaysia, (2012). Penilaian Perisian-Perisian Kursus Kementerian
Pelajaran Malaysia. Retrieve from http://www.mscmalaysia.my

Krathwohl, D. (2002). A revision of Bloom’s taxonomy: An overview. Theory into practice, 41(4),
212-218

Krishna (2000). Pembinaan Perisian Pembelajaran Berbantukan Komputer Enjin. Universiti
Teknologi Malaysia

Lilia Halim, T. Subahan M. Meerah & Zolkepeli Haron (2002). Strategi Pengajaran Fizik Untuk
Guru Sains. Edisi Pertama. Petaling Jaya: Pearson Malaysia Sdn. Bhd. 176- 187

Markey, C., Power, D. & Booker, G. (2003). Using structured games to teach early fraction
concepts to students who are deaf or hard of hearing. American Annals of the Deaf, 148(3),
251-258

Mayer R. E. (2001). Multimedia Learning. United States of America: Cambridge University Press

Mayer, R. E. (2005). Cognitive theory of multimedia learning. In R.E. Mayer (Ed.), The Cambridge
Handbook of Multimedia Learning. New York: Cambridge University Press

Mazur, E. (1996). Peer instruction: a user's manual. Upper Saddle River, NJ: Prentice Hall

McDermott, L. C. (1993). Millikan Lecture 1990: How we teach and how students learn- A
mismatch? American Journal Physics 61, 295-298

90



INTERNATIONAL JOURNAL OF EDUCATION AND RESEARCH VoL. 4 No. 10 OcToBER 2016

Milosevic D., Milicevic B., Besic C. and Bozovic M. (2010). Applying Educational Games in
Primary School Education. Technics Technologies Education Management. 5(4): 693-699

Mohd. Arif Ismail, Abdullah Mohd. Sarif & Rosnaini Mahmud. (2000). Pembangunan perisian
multimedia interaktif Geografi. Prosiding Konvensyen Teknologi Pendidikan Ke-13, 223-
234

Najjar, L.J. (1996). Multimedia Information and Learning. Journal of Educational Multimedia and
Hypermedia, 5(2). 129-150

Nastasi, B.K., & D.H. Clements. (1993). Motivational and social outcomes of cooperative education
environments. Journal of Computing in Childhood Education 4 (1): 15-43

Ogbonna, C. C. (2007). A comparative study of the effectiveness of two constructivist instructional
models on students’ academic achievement and retention in JSS mathematics.

Phang, F. A., & Noor lzyan, S. (2012). Pengajaran Free-Body Diagram (FBD) dalam
menyelesaikan masalah tajuk daya Tingkatan Empat. Seminar Majlis Dekan Pendidikan
IPTA 2012, 1-15

Plass, J. L., Milne, C., Homer, D., Schwartz, R. N., Hayward, E. O., Jordan, T., Verkuilen, J.,
Florre, N., Wang, Y., & Barrientos, J. (2012). Investigating the effectiveness of computer
simulations for chemistry learning. Journal of Research in Science Teaching, 49, 394-419

Pusat Perkembangan Kurikulum (2005). Buku panduan pengajaran dan pembelajaran nilai merentas
kurikulum KBSR | KBSM. Kuala Lumpur: Kementerian Pelajaran Malaysia

Razali Ismail (2002) . ICT dalam Pendidikan :Trenda dan Isu Dalam Pengajaran dan Pembelajaran
Sains dan Matematik, Kuala Lumpur : Kementerian Pendidikan Malaysia

Renkl, Stark, Gruber and Mandl (1998). Learning from worked-out examples: The effects of
example variability and elicited self explanations. Contemporary Educational Psychology,
23, 90-108

Roy, M., & Chi, M. T. (2005). The self-explanation principle in multimedia learning. In R. E.
Mayer (Ed.), The Cambridge handbook of multimedia learning (pp. 271-286). New York:
Cambridge University Press

Royle, K. (2008). Game-based learning: A different perspective. Innovate: Journal of Online
Education, 4(4)

Schnittka, C. G., & Bell, R. L. (2009). Preservice biology teachers’ use of interactive display
systems to support reforms-based science instruction. Contemporary Issues in Technology
and Teacher Education, 9(2), 131-159

Sewell, D.S. (1990). “New Tools for New Minds.” Herthfordshire, Harvester Wheatsheaf

Soloway, E., and Bielaczyc, K. (1996). Interactive learning environments: Where they've come
from & where they're going. Proceedings of CHI’96, 384-385

91



ISSN: 2411-5681 WWW.IJERN.COM

Squire, K. (2002). Cultural framing of computer/video games. Game Studies: The International
Journal of Computer Game Research, 1(2)

Toh, S.C. (1999). “Designing Effective Interactive Multimedia Courseware: Use and Misuse.”
Prosiding Konvensyen Teknologi Pendidikan Ke-12. 205-213

Tripp, S. D. & Bichelmeyer, B. (1990). Rapid prototyping: An alternative instructional design
strategy. Educational Technology Research and Development, 38(1), 31-44

Trundle, K., & Bell, R. (2010). The use of a computer simulation to promote conceptual change: A
quasi-experimental study. Computers & Education, 54, 1078-1088

Tuzun, H. (2007). Blending video games with learning: Issues and challenges with classroom
implementation in the Turkish context. British Journal of Educational Technology, 38(3)

Yahya Othman & Raini Pakar (2011). Kesan aplikasi komputer secara interaktif semasa
mengajarkan kemahiran bacaan dan kefahaman dalam kalangan pelajar tahun 4 di Brunei
Darussalam. Jurnal Pendidikan Bahasa Melayu, 1(1), 27-49

Zaidatun Tasir & Yap Sao Wen (2000). Merekabentuk perisian multimedia berasaskan teori
pembelajaran, pendapat tenaga pengajar dan pelajar serta prinsip rekabentuk. Paper
Presented at Potensi dan Cabaran Dalam Pembelajaran Maya dan Elektronik

Zheng, D., Newgarden, K. & Young, M. (2008). Multimodal analysis of language learning in World
of Warcraft play: Languaging as values-realizing. 24(3), 339-360

Zyda, M. (2005). From visual simulation to virtual reality to games. Computer. Perspectives. IEEE
Computer Society

92



