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Abstract

This thesis describes an investigation into use of interactive computer simulations software
in primary science education. The research questions are what effects teaching with
interactive computer simulations have on students’ achievement, their conceptual change in
particular science topics and on their attitudes. The question was investigated in an
intervention study that tested use of simulations in two different pedagogical environments.
The first environment used simulations in a computer laboratory, with students using
blended learning (combining computer-based learning with non-computer learning). In this
environment students worked independently on the computer. The second environment is
class teaching. In this environment, the simulation was used on one computer, controlled by
the teacher, in front of the class. The study also investigated ease of use and looked into
practical consideration of computer-based teaching expressed by students and teachers.

Three science topics were studied.

The novelty of the research is using computer simulations in an Arabic nation, which has
widespread use of traditional didactic-oriented pedagogy. Recent educational reforms have
made demand for more student-oriented teaching, with use of practical experiments in
primary science. This major change is difficult to implement for practical reasons, and the
study therefore asks if computer simulations may work as an alternative approach to reach

the same aims.

The theoretical frameworks for the study are constructivism, conceptual change and
cognitive multi-media theory. The first of these looks at the role of the student in learning,
the second takes into consideration that students enter school with intuitive knowledge
about natural phenomena and the last explains learning with use of computers. The
theoretical frameworks were used to guide development of the simulation software and the

intervention.

The participants were 365 students in year five (10-11 year olds) and eight science teachers
in Kuwait, located at eight different primary schools. All schools were single sex, with half



the schools of each gender. All teachers were female. The study used a quasi-experimental
design and separated the students into two experimental groups and two control groups.
The first experimental group, which used simulations in computer labs, had 91 students in
four primary schools (two boys’ and two girls’ schools). A matching control group with the
same number of students was established in the same schools. The other experiment group
had 92 students using simulations in the classroom. This group was also matched with an
appropriate control group. The eight teachers taught both experimental and control group
students. The control groups used traditional teaching. The experiment was carried out in
the academic year 2010-2011.

The study measured effects of the interventions with pre- and post achievement tests and
attitude questionnaires. Students in the experimental groups also answered a usability
questionnaire. A sub-sample of students and all teachers were interviewed for triangulation
of the questionnaire data and to learn more about experiences with using the simulation

software.

The results of the study revealed no statistically significant difference (at the 0.05 level) in
achievement or attitude between the students who used computer simulations in the
computer laboratory. Students, however, who were taught with simulations in the
classroom scored significantly higher on both achievement tests and attitude questionnaires.
This benefit applied also to conceptual change of specific topics. In general, the interviews
revealed that science teachers and students were satisfied with the simulation program used
in science teaching and learning. However, the interviews indicated that there were some
problems related to infrastructure and use of computers in the teaching that might have
influenced the outcome of the study. These problems are relevant also to use of computer

simulations in science teaching more widely.
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CHAPTER ONE: INTRODUCTION TO THE STUDY

1.1 Introduction

This chapter describes today’s educational reforms in science education in Kuwait,
followed by challenges to teachers when it comes to implementing the aims of science
education reform. It also describes the aims of the study, the research questions, the
hypotheses and the significance of the study. In addition, it defines some terms.

1.2 Educational reforms in science teaching in Kuwait

The State of Kuwait is one of many nations around the world that have attempted to
improve the quality of education, including primary education, to keep up with global
competition (see Appendix 1). At the beginning of the twenty-first century, we are entering
a new era of reform in science education. Both the content and pedagogy of science
teaching and learning are being considered, investigated and scrutinised, and there have
been international projects and efforts to establish standards to shape and rejuvenate science
education. For example, the National Science Education Standards (NRC, 1996) and the
2061 project (American Association for the Advancement of Science [AAAS], 1990)
reaffirm the conviction that inquiry in general, and inquiry in the context of practical work
through scientific processes (e.g., observing, measuring, manipulating and so forth) in
science education, are essential to the achievement of scientific literacy (Hofstein &
Naaman, 2007). A project by the National Science Teachers Association (NSTA) entitled
Scope, Sequence & Coordination, included ten main ideas about science teaching derived
from contemporary educational theories. Among these are mentioned constructivism,

conceptual change and inquiry teaching.

The State of Kuwait has recently made some essential reforms in science education in
primary schools, under the responsibility of the Department of Curriculum Development in
the Ministry of Education (MOE). MOE has worked on changing the science curriculum
for all the primary stages in order to improve and develop science education. A new
curriculum started in the academic year 2008/2009 (see Appendix 2). In relation to this,

MOE developed a document entitled a National Document to Construct the Science
1



Curriculum in the State of Kuwait (NDCSC, 2011), in partnership with science education
researchers from the Educational Researches and Curriculum Department. The document
highlights the key aims and concepts of science teaching in the new science curriculum in

primary schools and gives advice on how it should be implemented

The general aim of the curriculum is described in the NDCSC document as “to prepare a
generation equipped with scientific and technological knowledge, which is capable of
dealing with developments with confidence and competence; able to continue learning in a
variety of scientific disciplines and prepared to support national scientific efficiencies in
order to meet the needs of the local labour market in the field of scientific disciplines”

(NDCSC, 2011, p. 25).

Five bases, namely, the philosophical, psychological, social, cognitive and pedagogical
base, are put forward as fundamental. The pedagogical base has most interest for the
current study. It suggests science teachers should adopt two particular strategies in their
teaching. First, they should use scientific inquiry and practical work to provide students
with grounding in scientific processes such as observation, measurement, setting the
hypotheses and learning the skills needed to conduct experiments. Second, they should
adapt ‘constructivist’ teaching and focus on ‘conceptual change’. Meadows (2004) asserted
that constructivism is one of the most important theoretical perspectives in primary school
science teaching today, describing how every learner constructs ideas from their daily
observations and social interactions. Conceptual change theory (Posner, Strike, Hewson, &
Gertzog, 1982) aligns with constructivism and sees learning as models in continuous
development (both perspectives will be described more in-depth later).

Together these two strategies are supposed to transform the science classroom from
didactic, traditional teaching to student-centred teaching that supports active learning. A
long list of hoped-for outcomes is described (NDCSC, 2011, p. 45):

1. Motivation of students and increased interest in studying science.
2. Improvement of student’s performance and attainment.
3. Development of students’ creativity and scientific imaginations.

4. Conceptual development and changes to students’ misconceptions

2



5. Encouragement of scientific thinking when presenting science topics.
6. Opportunities for self-learning and development of life-long learning skills

7. Teaching that builds on and links learning with preconceptions or previous

knowledge of science topics.

8. Active learning in which students conduct their own search for information rather

than receiving it from the teacher.
9. Use of cooperative education methods in dialogue and experimental work.
10. Use of inquiry and critical thinking in science teaching

The strategies are supported also by Barrak, the General Supervisor for Science (2008). He
sees development of students’ inquiry skills, with inference, manipulation and
interpretation of experimental data through practical work in the laboratory, as a key route
to achieve both understanding of basic scientific concepts and problem-solving in the real
world. In addition, he maintains that students’ involvement and engagement in experiments
leads them to develop and improve their observation skills and therefore play an important

role in facing and changing misconceptions.

The strategies and the intended outcome suggested in the support document are desirable
but raise two important questions. Firstly, how easily they are implemented into

educational practice and, secondly, if they will have the hoped for effects
1.3 Challenges for science teaching in Kuwait—statement of the problem

Putting the ideals aside and looking at the current situation in science education in the
primary classrooms in Kuwait gives a very different picture. This is accepted also by the

Ministry of Education, which describes science teaching in Kuwait as follows:

-Students are encouraged to memorise scientific facts without linking them to the

concepts and general frameworks;

- The method of inquiry that encourages and develops scientific thinking is ignored;



- The teaching does not link science with their everyday lives and students are proven

not to use scientific terminology out of school;

- Students demonstrate decreasing attitudes toward science teaching and learning
through the school years and,

- Some teachers have negative attitudes toward the science curriculum and teaching of
science (NDCSC, 2011, p. 24).

Shabaan and Abdelrazik (2008) conducted a survey to examine the views of science
teachers and academic experts regarding the educational reform in science education and
asked if they thought it would be possible to achieve its aims. Their findings suggest there

are two main challenges that need to be overcome.

The first challenge is the strong position of traditional didactic teaching methods in Kuwait,
which allows teachers to be in control of the teaching. ‘Constructivist’ teaching and student
active learning demand that teachers give away this control and become facilitators and
assistants to students’ learning. In the new regime, they should direct questions to the
students and then watch and listen to discern their experiences and preconceptions of the
topic. This new approach means a fundamental change of attitude and introduction of a new
educational culture that both teachers and students will have to learn. Teachers who
participated in Shabaan and Abdelrazik’s survey also claimed that there are practical
reasons they hold on to traditional teaching. These include the large number of students in
the science class, limited teaching time and preventing engagement with all students;
deficiencies in educational equipment and teaching aids, as well as the large number of
administrative tasks science teachers have to perform. Shabaan and Abdelrazik concluded
that teachers use the traditional teaching methods to enable them to overcome the
classroom management problems that are likely to occur at any time due to the large
number of students. They also use traditional methods because it helps them cover topics
very quickly and to finish curriculum topics in time for the summative assessment. The
teachers, however, acknowledge that this prevents them from taking into account individual

differences among students.

The second challenge is that primary schools are ill prepared to provide students with
practical work and investigations. The survey by Shabaan and Abdelrazik points towards
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several reasons for this. The main reasons are lack of equipment and materials and the high
number of students in each class. Doing practical work with many students under the age of
11 years, teachers claimed, raises safety issues. It also makes a problem with enough time
to teach all topics. Some of the science teachers in the survey also pointed towards
teachers’ competency and the need for professional development and training to deal with
practical work and the new science curriculum in general. They added that the Ministry of
Education has offered a one-week training course on how to deal with the new science
curriculum exclusively for the Head of the Science Department, but that this training has
not benefited the ordinary teacher. It is therefore insufficient as a preparation for the

teachers who are expected to deal with the new science curriculum.

My own experience in primary science and from visiting many schools and discussing
these issues with teachers and educators, although informally, supports Shabaan and
Abdelrazik’s findings. Firstly, many problems can be related to the high number of students
in the classroom, which is normally controlled by one teacher alone. The student ratio
raises classroom management problems for practical work teaching and makes it difficult
for science teachers to observe every student during experiments. It also gives few
opportunities to listen to and answer students’ questions. Secondly, teachers frequently
mention the limited time for lessons. For example, they find it impossible to carry out
experiments in the limited amount of time and still teach all topics; science teachers
therefore rely on oral explanations and make use of science textbooks as the only source of
information. They also exclude field trips for the same reason. Thirdly, visits to schools
confirm the lack of equipment and tools for practical work. Primary schools may have a
science laboratory but this is poorly equipped and insufficient to serve the high number of
classes. There is no tradition for laboratory assistants to arrange or prepare the laboratory
work. Fourthly, the visits to school and conversations with teachers also confirm the
worries about safety and security standards. There is, for example, rarely a first aid kit in
the laboratory for the primary level. The teachers, therefore, do not want to bear any
responsibility for an accident, as the laboratory may contain substances that are unsafe for
use by primary school students. It is also relevant that 92% of science teachers in primary
schools are women (Educational Statistical Group, MOE, 2009/2008). The social attitudes
toward women in Kuwait may have an influence on conducting of experiments, especially

in light of the unsuitable and uncomfortable laboratories.
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Overall, it is clear that the obstacles and problems for introducing the new science
curriculum with focus on practical work and constructivist teaching are fundamental and
not easy to overcome. Adding to these problems is research which generally suggests
expectations for practical work are often raised too high. Millar and Driver (1987)
demonstrate how many science educators in the 1970s and 80s had a naive belief in
‘discovery teaching’ and students’ use of ‘science processes’ as the best routes to learning.
However, as they explain, these pedagogical ideas were set in faulty understanding of both
learning and science methods. Few studies, if any, could prove that training in science
processes actually improved students’ conceptual learning. Twenty years later, Abrahams
and Millar (2008) have suggested practical work is often carried out without the promised
effect on students’ learning. The problem, they claim, is not spending enough time to
reflect on methods and findings. Practical work too often becomes ‘hands on’ but not
‘minds on’. If practical work is to work efficiently, “Teachers need to devote a greater
proportion of the lesson time to helping students use ideas associated with the phenomena
they have produced, rather than seeing the successful production of the phenomena as an
end in itself” (Abrahams and Millar, 2008, p. 1967).

1.4The role of information and communication technology simulation in

overcoming science teachers’ challenges in Kuwait

This contrast between, on one side, the positive belief in constructivist teaching and
practical work in science education and, on the other hand, the difficulties of making these
strategies work in practice, paves the way for the topic of this research study, which looks
at the role of ICT simulations. The contention of the study is that ICT simulations serve as
an alternative tool that is less demanding than practical work but which can still support
many of the ideals for constructivist teaching. The study is not a comparison between
practical work and ICT teaching, but rather an investigation into ICT simulations as a
teaching tool that can fill some of the roles practical work is intended to have in the new
science curriculum. There is a rich research basis to suggest that ICT simulations generally
have a potential to support students’ learning of science as well as their attitudes towards
the subject (Bell & Trundle, 2008; Cepni, Tas, & Kose, 2006; Chang, 2001; Farrokhnia &
Esmailpour, 2010; Taskin & Kandemir, 2010; Tekos & Solomonidou, 2009; Trundle &
Bell, 2010; Windschitl & Andre, 1998; Zacharia, 2005, 2007; Zacharia & Anderson, 2003).
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The question, however, is if this tool has the same potential to overcome the challenges in
primary science in Kuwait. As already mentioned, the Kuwaiti educational system has a
strict didactic teaching culture and using practical work to introduce constructivist teaching
and support conceptual change faces many social and practical obstacles. ICT simulations
may therefore serve as an alternative that may fulfil, if not all, at least some of the

intentions of the Ministry of Education for renewing the science curriculum.

The current study, therefore, attempts to contribute to implementation of the science
education reform in Kuwait by using Interactive Computer Simulation Software (ICSS) in
the teaching. The objective is to determine whether such simulation software will help and
motivate primary students to learn science within the cultural context of Kuwait and within
the pedagogical ideals put forward by the Ministry of Education. The main research
question can be formulated as follows: What effect does the use of ICSS, as compared to
the traditional, didactic teaching methods, have on students’ academic achievement and
their attitude toward science teaching and learning? A particular interest is supporting
students’ conceptual change in science and making the simulation software work as a tool
that stimulates constructivist teaching. The study is based on intervention research, but
takes a broad perspective by including opinions and impressions of the science teachers and

students in addition to effects on students’ achievement.
1.5 The aim of the study

This study aims to investigate interactive computer simulation software as a tool for
implementing new curriculum ideas, improving academic achievement, supporting
conceptual change and improving attitudes toward science teaching and learning of the
students in Grade 5 in primary school in the State of Kuwait. The study regards ICSS as an
alternative to practical work and suggests many of the aspired aims by MOE can be
achieved with appropriate use of ICT.

To achieve the aim of this study, full cooperation and agreement were achieved by the
officials of science teaching development in MOE and the science teachers in eight primary

schools in the State of Kuwait (see appendices 3, 4, 5, 6, 7, 8, 9 and 10).

1.6 Research questions



The main research questions are: What effect does the use of ICSS, compared to the
traditional teaching method in science teaching and learning, have on students’ academic
achievement, on changing misconceptions, and on improving attitudes toward science
teaching and learning? In addition, to discuss the opinions and impressions of the science
teachers and students in the experimental group of the use of simulation software in science

teaching and learning in Grade 5 in primary schools in Kuwait.

The study will investigate ICSS used in two different pedagogical contexts. The first using
simulation in a computer lab; where both teacher and students use ICSS in a computer
laboratory through blended learning which involves a mixture of group instruction (teacher
—centred approach) and individual learning (constructivist student-centred). The teacher
would explain the topic using the ICSS in 20 minutes of time followed by 20 minutes of
self-study by students using the ICSS with the worksheet and science textbook (total lesson
time of 40 minutes). | will refer to this as "Using simulation in the computer lab". The
second is using ICSS in the classroom. Here the teacher uses the ICSS in a classroom as an
educational tool throughout a whole class to illustrate the science subject for students as a
supplement to the traditional method. 1 will refer to this as "Using simulation in the
classroom"”. Each of them is matched with a control group (Cg) using traditional teaching
where the teacher used the science textbook, ‘chalk and talk’ method, without computer
simulation, commonly known as the traditional didactic teaching method, because there is
neither a computer laboratory nor any equipment in the school for teaching and learning
science. | will refer to this as “Traditional teaching”. Therefore, the sub research questions

are:

RQ1: How does using ICSS affect the science students’ academic achievement in using

simulation in the computer lab compared to traditional teaching methods?

RQ2: How does using ICSS affect the science students’ academic achievement in using

simulation in the classroom compared to traditional teaching methods?

RQ3: Do the students who are using ICSS simulation in the computer lab demonstrate

better academic achievement than the students who used ICSS simulation in the classroom?

RQ4: How does ICSS affect students’ misconceptions in science using simulation in the
computer lab and using simulation in the classroom compared to traditional teaching

methods?



RQ5: How does using ICSS affect students’ attitudes towards science teaching and learning
in terms of using simulation in the computer lab and using simulation in the classroom

compared to traditional teaching methods?

RQ6: How does using ICSS affect students’ attitudes towards science teaching and learning

as regards using simulation in the computer lab and using simulation in the classroom?

RQ7: What are primary school students’ opinions of and experiences with science teaching
using ICSS? In other words, do they prefer science teaching and learning with the ICSS

method or with the traditional instruction method?

RQ8: What are primary school science teachers’ opinions of and experiences with science

teaching using ICSS?
1.7 The Hypotheses

Based on the research questions, and when using ICSS in science teaching and learning

under good and appropriate conditions, the hypotheses for this study will be as follows:

H1: Regarding the post-test of students’ academic achievement, I suppose that there is a
statistically significant difference (at the 0.05 level) between students who use simulation in
a computer lab and students who use traditional teaching methods, with regard to the post-
test of students’ academic achievement in favour of students who use simulation in a

computer lab.

H2: Regarding the post-test of students’ academic achievement, | suppose that there is a
statistically significant difference (at the 0.05 level) between students who use simulation in
the classroom and students who use traditional teaching methods, with regard to the post-
test of students’ academic achievement in favour of students who use simulation in the

classroom.

H3: Also, when comparing the experimental groups, | suppose that there is a statistically
significant difference (at the 0.05 level) between students who use simulation in the
computer lab and students who use simulation in the classroom, with regard to the post-test
of students’ academic achievement in favour of the students who use simulation in the

computer lab.



H4: Regarding students’ understanding and conceptual change from misconceptions to
correct scientific conceptions, the study supposes that using ICSS appropriately in science
teaching and learning, whether it uses simulation in the computer lab or in the classroom,
will effectively support an increase in students’ understanding and conceptual change from
misconceptions to correct scientific conceptions more effectively than traditional teaching

method.

H5: Regarding students’ attitudes towards science learning, this study supposes that there is
a statistically significant difference (at the 0.05 level) between students who use simulation
in a computer lab and who use simulation in the classroom, compared with who use
traditional teaching methods, with regard to the students’ attitudes towards science learning
in favour of students who use simulation in both the computer lab or the classroom

(experimental groups).

H6: Also, when comparing experimental groups, | suppose that there is a statistically
significant difference (at the 0.05 level) between students who use simulation in the
computer lab and students who use simulation in the classroom with regard to the students’

attitudes towards science in favour of the students who use simulation in the computer lab.

H7: Moreover, students’ opinions or impressions of science teaching and learning with
ICSS will be positive, and they will enjoy the learning and teaching of science through
using ICSS. As well, science teachers’ opinions on, or impressions of, using ICSS in
science teaching will be regarded as positive and they will notice that students enjoy the

lessons based on how well they learn science.
1.8 Significance of the study

This study is important because it uses the interactive computer simulation software, as an
alternative to real practical work in science laboratories or in a science classroom to
overcome the current obstacles in science teaching in the school system. It offers a remedy
for teaching in Kuwait, which has aimed for student centred pedagogy but lacks facilities
and traditions for doing this.

This study is also important because it is the first experimental study using simulation
software in two different pedagogical methods - using simulation in the computer lab and

using simulation in the classroom - in the State of Kuwait to investigate the effects of using
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simulation software as an alternative to practical work in actual science laboratories. The
results of the study are therefore expected to help clarify this issue for policy-makers in
MOE. It is expected that the results of this study will clarify the extent to which simulation
software might promote students’ academic achievement and positive attitudes. Moreover,
this study will pave the way for more research and studies in the future in areas such as the
use of modern technology in primary schools, which is in high demand and a current trend
in the State of Kuwait.

1.9 Definitions of terms

° Interactive computer simulation software
Computer software for science teaching provides models of real-world processes. These
processes include natural phenomena (e.g. the water cycle, climate change and the lunar
eclipses), precise chemical experiments (including chemical and physical changes such as
freezing and corrosion), experiments with molecules and nuclear fission, and human
biological processes (such as the digestive system and the functioning of the heart)
(Almosa, 2005). Simulation software allows learners to manipulate and change initial
conditions and immediately see the impact of these changes (Zacharia, 2005). The terms of
the interaction means that the student can control and manipulate by using a simulation

program. | will refer to this as "ICSS program or simulation”

o Traditional teaching
Also called “conventional teaching”, the simple definition of the traditional teaching
method is face-to-face teaching. It means the teacher explains the lesson orally and students
learn through listening with only a science textbook. Science teachers use this method in
the classroom. In this study, the students meet with the teacher in class, and they rely on the
teacher for traditional or didactic teaching method and a science textbook to give them the
knowledge, concepts and information they need (without ICT).

° Blended teaching
Blended teaching is considered to be any combination of methods, strategies or modes used
for teaching and learning. These include the use of the traditional face-to-face approach in
combination with some form of technology, such as a computer-based simulation
(Duhaney, 2012). It has been defined as the combination of e-learning tools, such as
simulation teaching environments, with face-to-face teaching (i.e., traditional teaching)
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(Graham, 2004; Welker and Berardino, 2006). It is also defined as an integration or mixture
of two methods whereby, for example, the traditional method is integrated with computer-
based activities. This allows students to benefit from both methods (Abood, 2007). In the
current study blended teaching will be a mixture of a traditional teacher-centered style and
a constructivist student-centered style supported by simulation program (ICSS). 20 minutes
are spent on each method (total lesson time of 40 minutes). The goal of this is to reduce
student dependence on science teachers in the educational environment, allowing them the
opportunity to construct knowledge by using simulation.

° Attitude

Kind, Jones, & Barmby (2007) defined attitude as the, “Student’s feeling about an object
(such as science learning) depending on his beliefs about that object (science teaching and
learning)”. It is not a physical thing, but a set of beliefs that the object is either good or bad
(Culbertson, 1968). It is a response toward an object that produces either a favourable or an
unfavourable feeling (Fishbein & Ajzen, 1975). In this study, attitude refers to the feeling
students had about using the interactive computer simulation software in science teaching

and learning. The students either liked it (favourable) or disliked it (unfavourable).
1.10 Overview of the thesis

e Introductory chapter
The first chapter is the introduction and includes a discussion of the significance of the
study and a presentation of the research aims and questions, the scope of the study and a

brief explanation of the terms used in the study.

e Theoretical framework
Chapter 2 presents the theories underlying the design and implementation of the current
study. One key focus is constructivism and conceptual change because the study tries to
understand how a child develops knowledge through use of simulations in science. Another
focus is multimedia learning, which explains how students learn through using multiple

SENSes

e Previous study
Due to the lack of similar studies in Kuwait or in other Arab countries that examine the

effectiveness of the use of simulation in science education, Chapter 3 relies mostly on
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previous studies from other countries. Studies will be reviewed and classified according to:
(@) simulation that aims to improve students’ academic achievement; (b) simulation
supporting conceptual change; (c) simulation used as an alternative to a real science lab to
raise students’ achievement and improve students’ attitudes toward science learning and

teaching and (d) some Arabic studies with use of ICT.

e The intervention - teaching science with ICSS
Chapter 4 shows the main rationale behind the use of ICSS as an educational tool for use in
science teaching in Kuwait primary schools and how the current study was presented.
Followed by the outline of the development process or procedure that was used in
designing and implementing the ICSS properly and appropriately of the Kuwait education

environment in the teaching of science in the Kuwaiti primary schools environment.

¢ Methodology
Chapter 5 presents the methodology used to investigate the impact and effectiveness of
ICSS as an intervention or treatment tool in primary school science teaching in Kuwait.
Therefore, this chapter begins with a presentation of design and then explains the methods
of data gathering and then there follows a presentation of data analysis. These sections will
be followed by an explanation of how samples were selected from the population, followed
by the validity and reliability of measurement tools in addition to ethical and organisational
considerations in order to examine the effect of ICSS in the three main dependent variables,
which were: students’ academic achievement in science; students’ conceptual change and
students’ attitude toward science teaching and learning. Furthermore, the effect that

computer simulations have on science teaching and learning is also investigated.

e Data analysis
Chapter 6 presents the analysis of data. It starts with a normality test to decide which kind
of test to use in SPSS (i.e. parametric or non-parametric) and with comparing test groups at
the baseline (pre-test) of the intervention study. Thereafter, the chapter includes data

presentation and analysis of all the research questions mentioned above.

e Data discussion
Chapter 7 presents the discussion of the results, with findings of the current study for all the

research questions, and presentation of major implications that have significance for both
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decision makers at the MOE and researchers at the local (Kuwait) and international level, in

the field of educational computer-based simulation programs in science education.

e Conclusion & Implication
Chapter 8 provides the study conclusion, including a summary of the results obtained in
this research. Furthermore, the chapter reviews the strengths and weaknesses of the current
study in order to add important recommendations and proposals for implications for future

research in this field, as suggested by the findings.
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CHAPTER TWO: THEORETICAL FRAMEWORK

2.1 Introduction

In this chapter, | will outline the theoretical framework underlying the design and
implementation of the current study. As mentioned, a background for the study is demand
of officials in MOE in Kuwait for science teachers to focus on conceptual change through
using constructivist teaching. | will therefore begin by presenting constructivist theory and
related issues in science education. Focus will be in particular students entering formal
science education carrying with them considerable alternative knowledge or beliefs about
phenomena and concepts, called preconceptions or pre-knowledge. The formation of these
preconceptions can be explained through two major perspectives; the first being Piaget's
perspective cognitive constructivist view emphasizing the unique way knowledge is
configured and evolves within the individual learner. The second is Vygotsky’s
sociocultural constructivist view emphasizing the development of shared knowledge
through social interaction; these two perspectives complement each other (Cobb, 1994).
Thus, the constructivist view describes how every learner constructs ideas from their daily
observations and social interactions (Selley, 2004). Richardson (1997) suggests that
individuals create their new understandings through the interaction of what they already
know and believe, and the phenomena or ideas with which they come into contact. Such
preconceptions, or pre-knowledge, are formed and stored in the students’ minds (in long-
term memory). The majority of these preconceptions are poorly articulated, internally
inconsistent, and highly context-dependent; hence, they are considered misconceptions, but
they offer powerful explanations to the students. These preconceptions usually influence
what students learn through teaching, and they are also resistant to change (Jaakkola &
Nurmi, 2007; Tekos & Solomonidou, 2009); from this phenomenon emerged the

conceptual change theory (Posner, Strike, Hewson, & Gertzog, 1982).

Therefore, if a science teacher — in a primary school in Kuwait, for instance - aims to
change the students’ misconceptions, they should take into account the students’
experiences and preconceptions about the topic which is being taught. This happens when

science teachers adopt a constructivist approach teaching instead of a traditional approach,

15



which based on that learning occurs when learners are actively involved in a process of
meaning and knowledge construction as opposed to passively receiving information, but
teachers must motivate students by asking them questions and discussing with them their
responses with an aim to determine their misconceptions and find the best way to remedy

those misconceptions.

Thus, teachers should use evidence to convince students that the concepts that they possess
may be scientifically wrong and need to be remedied. Such evidence can come from
educational aids and tools. In science, practical work offers evidence in order to obtain
scientific knowledge, where students individually or by groups to perform an experiment
and then come together as a classroom to discuss the results with each other and with the
teachers as well, and this considered one of the forms of constructivist classrooms
activities. In other words, students can achieve the objectives of the lesson through the use
of physical objects, incorporating scientific ideas to guide their actions and help them
reflect upon the data they collect, but on condition providing sufficient time for students to
reflect on the results of the data obtained (Abraham & Millar, 2008). Consequently,
students will be able to judge between their previous concepts - which they constructed
before entering school - and what they see and observe in the classroom and they will be
more willing to confront discrepant events that contradict their preconceptions. Ideally,
once the students realise that their pre-existing ideas are incorrect or require amendment,
over time their ideas will be transformed into correct scientific concepts. Indeed, this is
what is called conceptual conflict, and it leads to conceptual change. This is what is missing

in science education in Kuwait.

This chapter will also address learning theories used to support computer simulation in
education. Computer simulation sends information in two forms One form is visually in
static images, animation, graphics, or printed text, that display on a computer screen. The
other form is sound, either with, music, sound effect or human voice. By sending
information to the student through multiple senses, simulation can be an effective tool for
teaching the science topics which in new science curriculum in Kuwait. In order to promote
and develop the students' cognitive learning processes through the design and
implementation of the instructional simulation (or instructional ICSS) included adoption of

the twelve principles of the cognitive theory of multimedia learning (CTML) (Mayer,
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2009). And to avoid any negative impact on teaching processes resulting from the use of

simulation as an ICT.

2.2 The Constructivist Theory of Learning

Constructivism is a view of learning which believes that learners create or construct new
knowledge (Glasersfeld, 1984). Windschitl and Andre (1998) define the term
constructivism by saying that learners construct their knowledge and conceptions through
daily experiences individually or interpersonally, and by reasoning about those experiences.
Rovai (2007) reiterates that learned information or knowledge is constructed by the
individual through interaction with the environment surrounding him or her. In other
words, constructivism focuses on “how people learn” or “how people obtain knowledge or
concepts”. Hence, from the constructivist perspective, the learner is an active processor of

information and knowledge.

Two main contributors to the constructivist learning theory are: Piaget, who suggests that
the cognitive development of children takes place during the adaptation with the world
around them through processes of assimilation and accommodation during their stages of
growth. The second, Vygotsky, agrees with Piaget’s theory. However, Vygotsky adds that
knowledge construction occurs within a social-cultural context, with other people, such as
parents or peers (i.e., someone who is knowledgeable), having an influence. Emphasis is

placed upon social interaction between the learner and others through dialogue (language).

The current study adopts both Piaget’s and Vygotsky’s perspectives of constructivist
learning theory. The reason for this is that, as Cobb (1994) points out, they complement
each other in constructing knowledge. Piaget's cognitive constructivism includes two major
parts: The first part is the developmental stage theory, which predicts what children can and
cannot understand at different ages; the second part is the adaptation theory, which
describes how learners develop cognitive abilities through adaptation to new situations or
events around them. During this adaptation, processes of assimilation and accommodation
occur, leading to the development of constructs of knowledge; this is the heart of
constructivist thinking. Adaptation relates to the stage theory, which describes how the
abilities of children develop, leading children to develop more concepts and to adapt further
to the world - through feeling the need to gain more knowledge. In light of this, teachers,
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especially at the primary level, should know students’ characteristics in how they construct
knowledge before and after they enter formal education, in order to select the appropriate
educational tools and ways to teach them. Piaget divided growth into four phases; the focus
in the current study will be on the second (2 to 7 years old) and third (7 to 11 years old)
phases, since the second phase addresses students’ characteristics in gain and construct
knowledge before they enter formal education and the third phase addresses students’
characteristics in the early years of school. The children in the sample population in the

current study are 10 to 11 years old, in Piaget’s third phase.

In the stage theory, Piaget suggests that children’s cognitive development takes place
during the stages of growth (i.e., through the child’s intellectual development). Piaget
divided the growth phases into four phases, of which the important phase for this study is
the second phase, which is from two to seven years of age. It is during this phase that
children have own imaginative world and intuitive thought to draw on their experience of
the world around them in many different forms, by themselves (e.g. use trial and error with
limited knowledge) or by asking of help to know something from person who is not a
specialist in this thing (informal education), in attempt to work to make sense of what they
perceive in order to build knowledge and conceptions of what is around them before they
enter formal education. Thus, the majority of such knowledge and concepts are
misconceptions, or not scientifically valid of what characterizes a child at this stage on
egocentrism and animism in add to imaginative and intuitive thought (more details below).
The four growth phases (Pritchard, 2005; Yacoob, 1982) are categorised as follows:

e First phase - Birth to two years of age, called the sensory-motor phase:

In this phase, infants construct an understanding of the world by using sensory experiences,
such as; seeing and hearing, and also motor actions such as reaching and touching. Piaget
believed that in the beginning of this stage, infants show little more than reflexive patterns
to adapt to the world. By the end of the stage, they display far more complex sensorimotor

patterns.
e Second phase - Two to seven years, the pre-operational phase:

The pre-operational phase is more symbolic than sensorimotor thought. It is egocentric and
intuitive rather than logical. This phase can be subdivided into two sub-phases: symbolic

function and intuitive thought. Symbolic function sub-phase occurs mostly between two
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and four years of age. The young child gains the ability to mentally represent an object that
Is not present. Also, expanded use of language and the emergence of pretend play are other
examples of an increase in symbolic thought during this sub-stage. The young child has
their own imaginative world that appears through their use of scribbled designs to represent
people, houses, cars, clouds, and many other aspects of the world. Their drawings are

imaginary and inventive with blue Suns, green cars, floating cars, and so on.

Despite young children making distinctive progress, their pre-operational thought still has
two important limitations: the first is egocentrism. The child in this phase is finding it
difficult to distinguish between their own perspective and someone else’s perspective. The
second is animism, which means that the child believes that inanimate objects have
“lifelike” qualities and are capable of action. For example a child may say, “That tree

pushed the leaf off and it fell down”.

The Intuitive thought sub-phase starts at around four years old, lasting until the child is
about seven. In this period, the child (four to seven years) begins using primitive reasoning
and wants to know the answers to all sorts of questions. One of the characteristic of this
phase - by about five years — is the child asking a lot of questions to parents or peers with
“Why?”. “Why?” questions signal the emergence of the child’s interest in figuring out why
things are the way they are. Piaget suggests that children seem so sure about their
knowledge and understanding, but are unaware of how and what they know. That is, they

say they know something but know it without the use of rational thinking.
e Third phase - Seven to eleven years, the concrete operations phase:

In this phase children begin to use logical reasoning to replace intuitive reasoning, but only
in concrete situations. Classification skills are present, but abstract problems are difficult. |

will examine this phase in more detail in the section on conceptual change.
e Fourth and final phase - 11 and older, the formal operations phase:

Children are able to think hypothetically and abstractly, although this is limited by lack of
depth and breadth in knowledge.

Regarding the development of cognitive abilities, Piaget's theory of cognitive development
proposes that humans cannot be given information which they immediately understand and
use, because they do not master the necessary cognitive processes therefore learners

19



constructing their own knowledge. They build their knowledge through experience.
Experiences enable them to create schemas (i.e., mental models of the world), and these
schemas are changed, enlarged, and made more sophisticated through two complimentary

processes: assimilation and accommodation (Pritchard, 2005).

According to Piaget's view, the learning process occurs when all the growth phases in
children are aimed at adjustment or adaptation to the environmental changes and effects
which surround them. Therefore, the learning process is a permanent, continuous, and
active process within the individual. But, although strength of Piaget’s theory is that he
accounted for both biological and environmental factors in the development of intelligence.
These factors are: Maturation of the brain and Interaction with the environment. However,
in the last two decades, there have been some objections raised against Piaget’s stage
theory. For example Donaldson (1978), a critic of Piaget’s, claims that the three mountains
task - which Piaget's used to test whether children were egocentric or not - was unrealistic
and not related to a child’s everyday experience. She claims that Hughes’ study, where
children had to hide a doll from policemen was more realistic. In this study 90% of 3 and
half to 5 year olds were able to hide the doll successfully. Also, a study of egocentrism by
Marvin (1975) found that some 4 year olds chose present that were suitable for their

mothers, and not suitable for themselves.

The current study will focus on the phase preceding the child’s enrolment in school, namely
the second phase (from two to seven years) because this stage (2-7 years old) precedes the
target group stage (aged 10-11 years). In the current study and it is necessary to knowing
the characteristics of the students before they enter formal education in order to find best
way in teaching them through dealing with their preconceptions and pre-knowledge.

As mentioned above, in this phase, especially during the age between five to seven years
children are becoming able to use their primitive reasoning and imagination in an attempt to
understand and interpret phenomena, events, and situations which occur around them, or
the problems which face them. Hence, using imagination and primitive reasoning leads to
the formation of many new concepts and "schemas™ - as Piaget called them. Pritchard

(2005) describe a schema as a:

“theoretical multidimensional store for almost innumerable items of knowledge

which located in the long-term memory in children minds. It seems as a framework
20



with numerous nodes and even more numerous connections between nodes. At each
node, there is a discrete piece of information or an idea. The piece of information
can be in any one of a range of different forms such as image, sound, smell, feeling
and so on. Each node is connected to many other and the connections are made as a

result of there being a meaningful link between the connected items.” (p. 26)

Because of different understanding of topics or ideas between the children, it is natural that
schema can be different between them.

The schemas grow and link with each other. It is this process of adding items to schemas
and connecting them to other items that constitutes adaptation process and then

constructivist.

But, how do schemas grow and link to each other? Or in other words, what is behind the
cognitive development of humans in gaining more knowledge? Before | answer this
question it is useful to look more closely on schemas and their characteristics. Mayer
(1983) describes schemas using four factors: the first is general; meaning they are used in
an extensive variety of situations as a framework for understanding incoming information.
The second is knowledge; they exist in long-term memory as something that a person
knows. The third is structure; a schema is organised around some theme. The fourth is

comprehension; schemas contain slots which are filled in by specific information.
Pritchard (2005, P. 27) similarly explains that schemas are:

e Based on our general world knowledge and experiences.

e Generalised knowledge about situations, objects, events, feelings, and actions.

e Incomplete and constantly evolving.

e Personal.

¢ Not usually totally accurate representations of a phenomenon.

e Typically contain inaccuracies and contradictions (misconceptions).

e Provide simplified explanation of complex phenomena.

e Contain uncertainty but are used even if incorrect.

e Guide our understanding of new information by providing an explanation of
what is happening, what it means, and what is likely to result.

An existing schema represents the sum of a young child's current state of knowledge and
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understanding of a particular topic, event, action, etc., is considered as prior-knowledge or
preconceptions when entering into formal education. So prior-knowledge or preconceptions
exist within the schemas. In the next paragraph I will use the words "prior-knowledge or
preconceptions” instead of referring to schemas, and I will discuss how schemas grow or
expand through cognitive development in humans, and hence how learning takes place in

the mind, according to Piaget's perspective.

Prior knowledge is essential and plays a key role in constructivist learning. The process of
cognitive development through Piaget's perspective is continuous, permanent, and active
throughout the growth of children in order to help them adapt to the environment
surrounding them. In a situation where the child faces a specific problem, or observes a
specific phenomenon or event occurring which cannot be solved using the pre-knowledge
and pre-information, disequilibrium or instability occurs. Consequently, the child must find
an interpretation for the specific problem, phenomenon, or event which s/he faced. Hence,
this situation urges the child on and motivates his/her curiosity, and causes the child to seek
answers or make enquiries through questions like "why?" and "how?" and experiments —
with the aim of reaching the solution or the interpretation necessary to reach the
equilibrium phase or stability by himself. If s/he does not find a suitable answer or
interpretation through previous experience and experimentation, s/he seeks to others such
as parents, siblings, peers, instructors, books, or any possible technological means, to get
the necessary solution or interpretation for the problem or event which caused him/her to
feeling disequilibrium or instability, and return to the equilibrium state. Piaget summarized
the state from disequilibrium to equilibrium as a learning process (i.e., process of cognitive
development) of adjustment (adaptation) to environmental influence (Pritchard, 2005).
During the process of changing the child’s state from disequilibrium to equilibrium,
adaptation to the surrounding environment occurs. New concepts or information are formed
or created, and these changes happen through one of the two main processes inside the
child’s mind, namely: assimilation and accommodation (Alqmdy, 2005; Henriques, 1997;
Talib, Matthews, & Secombe, 2005) (see Figure 1).

Assimilation: Described as weak conceptual change, the process whereby new knowledge
Is incorporated into existing mental structures. This means the knowledge bank is expanded

or increased to include new information. In brief, it is new knowledge or concepts added to
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the existing model (schema). In other words, it involves the addition of new knowledge
without the involvement, changing, linking, or interaction of existing concepts (Talib et al.,
2005).

Accommodation: Described as strong conceptual change, is the process whereby mental
structure has to be altered in order to cope with a new experience that has contradicted the
existing model; this means creating new knowledge or concepts in the mind. This is real
learning because existing knowledge is changed. In other words, the child’s existing
concepts are inadequate to understand some new phenomena successfully, hence the child

must replace or reorganise his/her central concepts (Talib et al., 2005).

The result of the two processes (assimilation and accommodation) is the same; that is, the
child achieve knowledge equilibrium. Namely, the child reaches stability, at which point
there is no longer conflict between new information and what already existed. Equilibration
(adaptation) is the process of arriving at a stable state where there is no longer conflict

between new and existing knowledge.
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Figure 1. Piaget's perspective for concept formation in an individual’ mind
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Turning to Vygotsky’s perspective, this agrees with many of Piaget's views but gives
priority to language (as a sociocultural component of learning) in the process of intellectual
development. He adds that dialogue becomes the vehicle by which ideas are considered,

shared, and developed.

Understanding and constructing of new knowledge or concepts in the student’s mind occurs
when conversing with someone more knowledgeable on the subject of discussion.
Vygotsky created the concept of the zone of proximal development (ZPD), which depicts
an area or situation in which a student would have trouble solving a problem on his/her
own (i.e., their pre-knowledge is not sufficient), but would be able to do so with help and
support from someone more knowledgeable (e.g., a teacher). Vygotsky calls this support
“scaffolding”, and defines it as the process of giving support to students at the appropriate
time and level of sophistication to meet the need of the individual (Becker, 2002; Pritchard,
2005). Bissell (1998) reveals that this support (scaffolding) can be in the form of
cooperative learning among peers, guidance from teachers, well-structured learning
environments, or strategies for helping students organize new material and relate it to prior

knowledge and conceptions.

‘Scaffolding’ has become a term which is commonly used in research on teaching and
learning in schools, and is often used loosely to describe all kinds of support that teachers
may offer (Pea, 2004). But it means more specifics as Becker says, “rather than the
provision of generalized support, scaffolding learning suggests actively and temporarily
providing learners with just the right amount of cognitive support to bring them closer to a

state of independent competence” (Becker, 2002, p.3).

There are different ways to present “scaffolding”, but common methods are through
discussions and through the provision of materials; supplying practical equipment to help

students to solve simple problems in arithmetic or science.

The teacher may use the above methods of scaffolding during the lesson in order to engage
the students (groups or individuals) in dialogue in order to understand the students’
experiences of the topic which is being taught, and then provide the appropriate materials
or educational aids aiming to explain the topic in a clearly way for students to create what
is called a contradiction, conceptual conflict, or disequilibrium. This contradiction is
between the students” own knowledge about the topic which is being taught and what they
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observe and hear about the same topic during the lesson with support from teacher or
educational tool, in order to makes the students to reach to a new level of understanding in
the end of the lesson.

We need to take into account that “understanding” is used in many contexts and with many
meanings in education. In this thesis it is defined as the product of mental processes that

take place within the student’s mind and may include (Newton, 2012, P.12-13):

1 — Previous information or prior knowledge that is held by the student on the subject to be
taught. Any possible topic contains ideas, elements or concepts and the student should think
about the nature and the relationship between these ideas or elements or concepts and make
a connection between them through the use of his or her own pre-information with the
support of the teacher to reach the understanding.

2 — The student’s feeling and emotions toward the topic. This may have an effect on
thinking and then of understanding. Piaget (1962) for example, noted that there is no

thought without emotion.

3 — The student’s ability in thinking with and use knowledge flexibly. I mean that there are

some students have learning slow or learning disorders and this need special education

4 — The student’s behaviour toward the topic (or what do students want to know?) is
something related to practical skills or theoretical thinking skills. Some students
understanding through hand-on work than a theory side.

In conclusion, in the importance of pre-knowledge in learning, from Piaget’s view, and the
"scaffolding" idea from Vygotsky’s work, teachers have a good roadmap for teaching
science. That is, to expose students to a specific problem for a particular topic, or to
observe a specific phenomenon or event occurring that students cannot easily explain with
their pre-knowledge and pre-information, may lead to disequilibrium or conceptual conflict.
This condition prepares students to construct new knowledge or concepts that resolve the

apparent conflict; this resolution returns them to a state of equilibrium.

The perspectives presented so far outlines the objectives Kuwaiti officials in MOE have in
mind for science education when suggesting science teachers should focus on conceptual
change using constructivist teaching. Further details, however, can be added about the issue

of pre- and misconceptions.
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Before encountering formal education, children have already been reflecting on, for
example, how do plants grow? How does rain fall down? How does a lamp (electrical
circle) operate? How does a human grow? Where does food go in the human body? How is
blood transferred from the heart to the entire body? Why does a ship float on water? The
answers and interpretations that children have established through imagination and
explanation are the prior knowledge or preconceptions that give educators a basis on which
to build knowledge. Many of these preconceptions are at least partially incorrect or
scientifically unacceptable (Jaakkola & Nurmi, 2008), and then deemed misconceptions.
Other have preferred to call them “alternative conceptions” (Driver, 1983; Driver, Guesne,
& Tiberghien, 1985; Jimoyiamnnis & Komis, 2001). Hewson and Hewson (1984),
however, assert that prior knowledge or preconceptions held in students’ minds are
generally inadequate in terms of understanding and coherence; they are ambiguous and
imprecise, and they are less extensive than accepted scientific knowledge. Moreover,
Hewson and Hewson cite Champagne, Klopfer, & Gunstone (1982) and Windschitl and
Andre (1998) pointing out that prior knowledge and preconceptions as having certain
characteristics in the student’s mind: (a) be obtained from informal instruction in the
subject; (b) poorly articulated (i.e. not clear and not in scientific terms); (c) internally
inconsistent or incoherent and not match with generally accepted views on the subject; (d)
be consistent across different groups of concepts; (e) be significantly resistant to change in
response to traditional instruction methods; and (f) greatly dependent on context.
Nevertheless, these characteristics are dominant in students’ minds and offer explanatory

power.

As a consequence, such construction of misconceptions needs to change or to be amended
to become acceptable and correct scientific concepts; hence, there emerged what is called
the conceptual change theory.

One of the most prominent contributions to conceptual change theory comes from Posner et
al (1982) who proposed the conceptual change model (CCM). The current study adopted
this model of conceptual change and merged it with interactive computer simulation
software in order to examine the remedy of misconceptions through utilization of computer
simulation software, instead of through traditional science teaching methods that are

dominant today in Kuwait.
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2.3  Conceptual Change Model by Computer Simulation Programs

Posner et al. (1982) introduced the concept of “conceptual change” they attempted to
simplify the term of conceptual change; they agreed that a student’s conceptual ecology
(i.e., something that exists naturally) is grounded in conceptual change because “Without
[preconceptions of phenomena] it is impossible for the learner to ask a question about the
phenomena, to know what would count as an answer to the question, or to distinguish

relevant from irrelevant features of the phenomenon.” (p. 212).

DiSessa (2006) states that conceptual change refers to a process in which students build
new ideas or concepts in the context of their current understanding. Liu, Hmelo-Silver
(2007) state that in science education the ideal conceptual change involves students’
shifting from their initial preconceptions to scientific conceptions (i.e., scientific beliefs,

ideas, or ways of thinking)

The current study concentrates on changing the concepts of science students from 10 to 11
years old; this age group is part of the third phase from Piaget’s perspective of cognitive
development (7- 11 years). Therefore, the students in this age group have difficulty
understanding abstract concepts or problems, | find that the new science curriculum in
primary schools in Kuwait contain an abundance of abstract (i.e. intangible) concepts and
new scientific terminology in various topics. These abstract concepts (such as the flow
direction of electric current in the electric circuit lesson or the state of air molecules or plant
pollination) are not easy for students to understand through traditional didactic teaching.
This method is insufficient, and teachers need appropriate educational tools that can

describe and explain to the students what is meant by these abstract concepts.

Scientific concepts are opposed or offset by pre-existing concepts and information in the
mind of the student. These pre-existing concepts are characterised by strong resistance to
conceptual change, and this affects the student’s ability to receive new information during
the education process. At the same time, the use of traditional teaching methods is the
dominant style of science teachers in primary schools in Kuwait, where the common
practice is to use oral explanations, with pictures from the school’s science textbook,
without trying to engage the majority of students in discussion during the lesson (see the

first chapter’s “Educational reforms in science teaching in Kuwait). Therefore the product
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of science education in Kuwaiti primary schools is rote learning; this means that the learner
demonstrates good retention (memorisation) and poor understanding (Mayer, 2009). In rote
learning, learning depends on retaining the concepts and new information of the science
subject and recalling them during tests, without initiating cognitive conflict and then
changing or modifying the misunderstandings to get meaningful learning (Loveless & Ellis,
2001). This conflict on which learning can be based is the conflict between knowledge
acquired before entering school and the new, correct scientific concepts that a student must
learn in school; the aim is to revise the former by remedying them with the latter to obtain

meaningful learning instead of rote learning (Tekos & Solomonidou, 2009).

In order to create conceptual conflict and make students dissatisfied with preconceptions
the Posner et al - through CCM - suggests new scientific concepts in the learning process

must include the following three conditions or characteristics:

1. New knowledge or concepts should have intelligibility; intelligibility means the new
concept/information must be clear and understandable and make sense to students.

2. New knowledge or concepts should have plausibility; plausibility means the new
concept/information must be reasonable and true, must match students’ personal
standards of knowledge, and must be consistent with students’ existing conceptions.

3. New knowledge or concepts should have fruitfulness; the new concept should have
the capacity to solve problems or predict phenomena more easily than the existing

concept.

Posner and his colleagues assume that in order to successfully effect conceptual change, the
three conditions for a new concept should be met and occur during the learning process. A
major aim is to establish or create conceptual conflict to make students dissatisfied, which
is akin to Piaget’s disequilibrium view of existing conceptions. Many researchers therefore
put dissatisfaction as a fourth condition, but I support Ozdemir and Clark (2007) in that the
dissatisfaction should be the result of the three conditions above, applied during the

learning process.

Several studies (e.g., Skoumios & Hatzinikita, 2005; Cindy & Silver, 2007) have shown
that the use of the cognitive conflict approach supports the achievement and enhancement

of conceptual change and then helps students to construct or modify old knowledge. This

28



means cognitive conflict creates opportunities for students to confront conflicting concepts
and information on the target topic, and hence, the concepts and information are discrepant
or unlike the prior knowledge they hold of the concept and their beliefs on the same topic.
Thus, cognitive conflict arises when students face experimental results that are inconsistent
with their expectations, which results in dissatisfaction and leads students to re-evaluate

their existing knowledge.

There are, of course, limitations that science teachers are facing, and that limits or hinder
the application of the constructivism approach and scaffolding in science classrooms or
shift the science classroom from traditional to constructivist (see table 1) as one of the most
important aims in science educational reform in Kuwait . Also, science teachers lack the
necessary resources and materials that can help them present the desired concepts to
students in form of intelligibility, plausibility and fruitfulness — as proposed by Posner et al
- s0 as to make science lessons interesting and engage students in the learning process and
achieve a conceptual conflict and then the conceptual change, these are some of the
challenges that were cited and demanded by the officials of science education methods
development in Kuwait for science education reform. Therefore, science teachers have
embarked on using traditional teaching methods and science teacher role is the controlling

and dominating on the classroom.

The current study attempts to use interactive computer simulation software, in applying the
constructivist method, instead of traditional methods. In the other words, the study changes
traditional science classrooms to constructivist classrooms through adopting a conceptual
change model (Posner et al., 1982), in providing the desired concepts and information,
which is thought to be more interesting for students when it comes to understand the new
concepts and attempting to get meaningful learning (not rote learning). Use ICSS merged
with the conceptual change model (CCM) proposed by Posner et al. (1982), an increasingly
important approach used in many of the various branches of science education (as will be
demonstrated by the literature review in the next chapter). The CCM has proved effective at

contradicting students’ early-phase misconceptions.
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Table 1

The Difference between a Traditional Classroom and a Constructivist Classroom

Factors

Traditional Classroom

Constructivist Classroom

Curriculum

e Curriculum is presented part to
whole, with emphasis on basic
skills.

e Strict adherence to fixed
curriculum is highly valued.

e Curriculum is presented whole to

part, with emphasis on big
concepts.

e Pursuit of student questions is
highly valued.

Curricular
Activities

Rely heavily on textbooks and
workbooks.

Rely heavily on primary sources of
data and manipulative materials
[simulation program].

How Students are
Viewed

Students are viewed as blank slates
onto which information is etched by
the teacher.

Students are viewed as thinkers with
emerging theories about the world.

Teacher

o Generally behave in a didactic
manner, disseminating
information to students.

e Teachers seek the correct answer
to validate student learning.

e Teachers generally behave in an
interactive manner, mediating the
environment for students.

e Teachers seek the students' point
of view in order to understand
students' present conceptions for
use in subsequent lessons.

Assessment

Assessment of student learning is
viewed as separate from teaching and
occurs almost entirely through
testing.

Assessment of student learning is
interwoven with teaching and occurs
through teacher observation of
students at work and through student
exhibitions and portfolios.

How Students
Work

Students primarily work alone.

Students primarily work in groups.

Source: Brooks, J & Brooks, M (1993). In search of understanding: The case for
constructivist classrooms. Alexandria, VA: ASC

Because of the huge capabilities and advantages available in computer simulation
programmes (Wellington, 1985), they can provide non-traditional educational situations.
Papadourisa and Constantinoub (2009) agree with Jimoyiannis and Komis (2001) that

computer simulations have enormous capabilities and can provide students with several

opportunities (see Table 2). Simulation programmes has potential to achieve the conditions
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of conceptual change suggested by Posner and his colleagues. They use words (as printed
on the screen or spoken text), static graphics (photos, maps, or illustrations) and animations
(as dynamic graphics and video) and these make available of the three characteristics of
intelligibility, plausibility, and fruitfulness.

Thus, showing the intelligibility, plausibility, and fruitfulness in the desired new
information, knowledge, and concepts of science topics which be taught in simulation
program, may be help to taught in a way that creates dissatisfaction in the students toward

the prior knowledge which they hold about the same topic.

Table 2
The Contribution to Science Teaching and Learning which may be Provided by the
Capabilities of Computer Simulation

The capabilities which computer Potential contribution to the science teaching and
simulation software can provide learning

e Visualization of complex and abstract physical
systems and phenomena.

¢ Development of mental models to represent
abstract and inferred concepts.

e Clear and quick collection of pseudo-
experimental data.

e Evaluation of the validity of mental models and
gradual improvement.

e Generation of cognitive conflicts.

Run animated/dynamic simulations of
physical phenomena and systems.

e Evaluation of the validity of theoretical
principles in conditions that cannot be naturally
established.

Virtually conduct experiments that
would normally require ideal conditions.

e Gain deeper understanding of underlying
physical phenomena.
e Translate ideas from one representation to

another.
Explore more than one representations of e Evaluation of alternative representation formats.
a physical phenomenon. e Development of the skill to select and combine

Appropriate representation formats to
communicate certain ideas.

o Development of awareness with respect to the
characteristics of effective communication.

e Foster skills with respect to the conduction of
valid experiments through the appropriate
control of variables by manipulating variables.

e Identify causal relationships and irrelevant
parameters.

Variable control and isolation by
interactivity
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Many tools may be able to satisfy the three conditions of Posner et al (1982) regarding the
teaching of new concepts to students. For example educational television introduces new
concepts in a dynamic form, and provokes students to reflect, creating the conceptual
conflict between students’ prior knowledge or pre-concepts and the correct scientific
concepts to which they have been exposed. Given that, what is new in simulation? How is

simulation different from other tools?

The one unique characteristic of computer simulation software as an educational tool that
distinguishes it from other education tools is interactivity or the potential for interactivity.
Interactivity enables students to manipulate variables of an experiment or phenomenon. It
can show the student the impact of this manipulation as immediate feedback. Such
interactions between the student and the simulation program are not available and cannot be

provided with the any other education tools.

From a learning perspective there are three types of interactions (see Figure 2) in the formal
setting (Evans and Sabry, 2003). These may occur in the classroom or other instructional

environment, they are:

a) Interactions between students (students-student interaction): These types of
interactions in science education in Kuwaiti primary schools happen very rarely
between students, on the occasion that there is discussion about the topic being
taught.

b) Interaction with tutors (teacher-student interaction): This type of interaction rarely
happen in science lessons in primary school in Kuwait and if it happens, happens
with smart students in the classroom without taking into account individual
differences among students. What predominantly happens is one-way information
transfer from science teachers to students in order to provide information on the
topic being taught. The reason for this is that science teachers in primary schools in
Kuwait face many obstacles that prevent them from using this type of interaction
(see Chapter One).

¢) Interactions with teaching material itself (student-content interaction): This type of
interaction, through adoption and utilisation of ICSS as educational tool, as
addressed in the current study, may achieve some of the goals of using this type of

interaction in practical work with the real materials during experiment conduct.
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(Material)

Figure 2. The three types of interactions in an educational environment

The current study is focusing on interactivity between the students and ICSS program and
aims is to create an active educational environment that will facilitate students being
involved and participating in the educational process, as well as providing students with
ample opportunity to develop information through investigation in the context of the
interactivity of a ICSS program. Thus, the students will work on constructing scientific
knowledge and concepts by examining (i.e. testing or checking) their previous knowledge
or concepts through manipulating and controlling the scientific experiments or the natural
phenomena displayed by the program. This added forum for exploration does not detract in
any way from the role of the teacher as a guide, advisor, and facilitator of student learning.

In conclusion, the functionality and characteristics available in an interactive computer
simulation software may include the following: First, it can display or introduce a lesson in
a simple and interesting way, as well as being able to display concept in a form that is
intelligible, plausible, and fruitful through introduced the scientific concepts, experiment or
phenomenon in animations - dynamic graphics - (Posner et al, 1982, of conditions of new
conception teaching), in order to give students the opportunity to notice things that couldn’t
be seen in the traditional laboratory. This opportunity facilitates conceptual change.
Second, it is possible for students to interact with a simulation program and enable them to
manipulate the conditions of the scientific experiment or natural phenomena, as well as to
receive immediate feedback on the impact of such manipulation. These characteristics may
contribute to meeting these prescribe an active educational environment with concentration
on constructivist learning and modifying pre-concepts (or misconceptions) through students

engage in process education.
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Through using the characteristics of dynamic graphics in the form of animations, and
illustrations, many researchers — as can we see in the literature review chapter - (such as
Jaakkola & Nurmi, 2008; Tekos & Solomonidou, 2009; Ozmen, 2011) have shown that
computer simulations are particularly effective at fostering conceptual change on a variety
of topics (e.g., electric current and circuits, light reflection and diffusion, and the nature of
matter) because in these environments, students can engage with simulated phenomena and
review their actions as they formulate and test alternative hypotheses, receive feedback, and

reconcile the discrepancies between their pre-existing ideas and their observations.
2.4 Cognitive Theory of Multimedia Learning

The current study adopted Mayer's theory which is Cognitive Theory of Multimedia
Learning (CTML) as another rationale when designing interactive computer simulation
software of the current study. In order to avoid any factor in design may impact to the
student comprehension and assimilation capabilities during presentation of science
information topics through computer screen- i.e. how students learn - during the lesson

through use interactive computer simulation.

Mayer (2009) established twelve principles about how people learn in the CTML. He links
these into how students learn through using multimedia and because the learning process is
an active process, the goal of CTML theory is to show how use computer software - such as
the simulation software (as one multimedia tool) in the current study - through a
combination of words and pictures, without violating cognitive processes or learning
processes in order to offer meaningful learning, by taking into account these twelve
principles during design any multimedia educational tool such as interactive computer
simulation software in the current study.

Mayer’s theory (CTML) depends on three assumptions derived from three views of a

theory - in create the twelve’s principles -, as follows:

a) Dual-channel: this refers to the students’ having separate channels for information
processing (eyes and ears), one for visual (pictorial) subject matter, and the other for
auditory subject matter (Austin, 2009). This assumption is based on the dual-coding
theory of Paivio (1986, 2006), and Clark and Paivio (1991) (see Figure 3).
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Figure 3. Dual-channel theory which are eyes and ears

b) Limited capacity: this refers to the fact that the amount of information that can be
processed by each channel (eyes and ears) at one time is limited (see Figure 4). This
means the amount of information presented by the computer screen and/or speaker
in various types of information (such as animation, sound, text comments, and
charts) at the same time will exceed the learner’s processing capacity, thus making
the student unable to understand or interpret the information of the topic. This
makes the learner scatterbrained and unfocused. This is considered the most
important assumption because it focuses on the capacity of student’s working
memory (Baddeley, 1992, 2002).

Distracting visual /
representation
Printed
text
Distracting verbal
representation (-"‘_“::,  '

En_-f-'
R

Figure 4. Limited capacity theory on receiving information into both channels (eyes and
ears)

c) Active processing: this refers that meaningful learning occurs only when the
learner engages in appropriate cognitive processing during the learning process (see
Figure 5). Atkinson and Mayer (2004) state that through active learning during
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lessons, students understand the presented materials under the three following
conditions; (a) they pay attention to the relevant material; (b) they organise it into a

coherent mental structure; and (c) they integrate it with their prior knowledge.
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textbook different educational tools Ny

Source of Type of education (formal/| Student’s

Stimulus informal) senses Student mind

Figure 5. Learner engaging leads to comparing the preconceptions with new

conceptions in formal education

Based on these three assumptions of learning theories, Mayer established the CTML model
(see Figure 6) which consists of four parts. The first part consists of sending the
information from the outside world. According to Mayer's CTML model the learning will
be meaningful when the learner includes or practices three kinds of active cognitive

processing during the learning process:

Selecting — T
Narration words By Organizing Verbal Integrating
Ears » Sounds | > Model :
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v Organizing | | |Knowledge

Eyes —» Images | » Pictorial

Selecting [ L2 | ages Model
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| Instructional media ICSS | | Sensory memory | | Working memory or short-term memory | |Long-term memory

Figure 6. Cognitive theory of multimedia learning model (Mayer, 2009)
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Selecting: this occurs in the sensory memory stage, when the student pays attention
to the lesson to the computer screen, and directs attention to and choose information on
computer using the senses. Thus the eyes select information in the following forms: static
pictures, or animation and printed text. The ears select information as background sounds
or narration; therefore, this information is conveyed to the system memory, or the short-
term memory. This process is transferred from the external world to the memory of the
student.

Organizing: this occurs in the “working memory” or “short-term memory” stage.
After the student select information, they start an internal organization process of the
selected words to create a coherent verbal mode. For example, if the sound of a cat is
played for the learner without a picture, the sound coming out from the computer and being
processed by the ears will enter the memory, which in turn will change the sound from a
verbal model to a pictorial model, depending on the student’s previous knowledge of this
sound. Therefore, if a student knows what the sound represents, the image of a cat will be

created in the student’s imagination and vice versa.

Integrating: this process occurs when the student retrieves the previous information
and concepts from the long-term memory to compare and integrate them with the new
information which has been placed in their short-term memory. If the new information and
concepts that the student receives conflict with and challenge what was expected according
to previous concepts and information on the same topic, this will result in cognitive conflict
and possible conceptual change occur and construct new knowledge. In this way, the

student may obtain meaningful learning from the educational process.

One challenge of the current study is to integrated pictures with all their fixed and animated
forms as well as the printed text and narration. The limited capacity theory of students’
memory should be taken into consideration through good design of the program. For
example, it is not useful to present a digestive system lesson using animation at the top of
the computer screen with printed information about the digestive system in the lower part
of the computer screen. This kind of design will lead to the information entering from only
the visual sense, because the student sees the animation and reads the text, while the other
sense, hearing, is neglected. Second challenge is the distance between the two information
forms (animation and printed text) obliges the students to move their eyes up and down to

make connections between the animation and the text. Thus there will be cognitive
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overload because of the eyesight representation shift from the pictorial model to the verbal

model and back again.

Mayer's twelve design principles are divided into three cognitive fields: extraneous
cognitive processing, essential cognitive processing, and generative cognitive processing.
Principles in the two first fields are focus on reducing the overload on the cognitive
memory working (i.e., limited capacity theory). Principles in the third field encourage and
foster the students to effectively engage in active learning.

The first cognitive field is related to reducing "extraneous cognitive processing” which
means there are materials or forms displayed on the computer screen that are not related to
the taught topic or objective. This may occur as a result of poor design of the instructional
program. To handle the problem, the following five principles should be taken into

consideration:

a) Coherence: students learn better when any extraneous processes such as
words, pictures, sounds, music, and symbols included in multimedia
presentation program are deleted, as these are not needed to achieve the
lesson’s goals. Austin (2009) also asserts that this improves the students’

performance.

b) Signalling: this involves highlighting new information or concepts through
indications. The goal of the lesson should be clear in the outlines and
headings. Program — as ICSS in the current study - should contain: (a) an
outline sentence, (b) headings (a phrase or short sentence), (c) vocal
emphasis (saying key words louder and slower), and (d) pointer words (e.qg.,

insert transitional words such as first...second...etc.).

¢) Redundancy: Students learn better from pictures (animation or
illustrations) in combination with narration, than from pictures combination
with, narration, and printed text. Because there will be overload on the eye
channel in receiving information (from animation or illustrations and

printed text) more than from the ear channel (just from narration or spoken).

d) Spatial contiguity: in order to enhance student learning using pictures and
words, corresponding words and pictures should be near each other on the

screen.
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e) Temporal contiguity: when corresponding words and pictures are
presented at the same time the students learn better than when they are
presented at different times.

The second cognitive field relates to “essential cognitive processing” (ECP): this is aimed
at mentally representing the presented material, depending on its complexity, and
corresponding to the cognitive process of selecting information easily on a computer
screen. In other words, overload occurs more easily when the essential subject matter is
complex and unfamiliar to the student. Sweller (1999) refers to this as “intrinsic cognitive
load”. To overcome the ECP overload, Mayer (2009) suggests the following three

principles:

a) Segmenting: students learn better when the material presentation is broken into
appropriate pieces. Students can hold and represent the new information in their
working memory, they click on the play or continue button. The program in the
current study offers an opportunity for the teacher and the student to control to the
material presentation, first to give students enough time to hold and represent the
new information step by step by offering time between each segment, and second to
provide opportunities for students to interact with the program by controlling and
running the play, stop, and return buttons at any time, which further encourages and
assists the learner in synthesizing and organizing new information (Kluit, 2006).

b) Pre-training: when the teacher presents introductory information about the new
concepts before the main lesson. The students are familiar with the new knowledge

and this leads to better learning.

¢) Modality: the modality principle is related to the selection of the new information
from sensory memory, which is then sent to working memory. Mayer argues that
animation accompanied by narration is better for student learning than animation

and printed text.

The final cognitive field is “Generative Cognitive Processing”, which is aimed at making
sense of the material, initiated by the motivation of the student, and corresponding to the
cognitive processes of organizing and integrating. Hence, the students’ motivation and

engagement in active learning play a key role in generative cognitive processing. Mayer
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established four principles to foster Generative Cognitive Processing and to make students

engaged in active learning:

a)

b)

d)

Multimedia: subject matter combining words and pictures allows students to learn
better than from words alone, because these offer students the opportunity to

construct verbal and visual representations and build connections between them.

Personalization Principle: People learn better from a multimedia presentation

when the words are in conversational style rather than in formal style.

Voice: using a human voice in narration with the same accent as the students leads
to better learning and encourages a sense of social presence in the computer

interaction.

Image: adding the image of a teacher can support the social benefits or encourage a
social environment. In this case, Mayer stated that some researchers argue that the
addition of the image of a teacher might cause students to engage in “extraneous
cognitive processing”, as the students will pay attention to the teacher’s face instead

of focusing attention on the content or new information.

Mayer and his colleagues have conducted many empirical studies to prove the effectiveness

of these principles. These are not a topic of interest for the current study, but can be studied
in Clark & Mayer (2003) and Mayer (2009)

The 12 principles of Mayer's which derive from the three learning theories: the dual-coding
theory of Paivio (1986, 2006); the working memory theory of Baddeley (1992, 2002); and
the learning as generative process theory of Wittrock (1974 & 1992) The 12 principles of

Mayer in consideration when designing the ICSS.
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CHAPTER THREE: PREVIOUS STUDIES THAT USE COMPUTER
SIMULATION IN SCIENCE TEACHING

3.1 Introduction

Due to lack of previous studies in Kuwait or in other Arab countries that study simulation,
this study relies mostly on previous research from other countries. Except for some Arabic
studies that concerned the use of the Internet and some technological programs such as

PowerPoint, there are no known studies on simulation.

Studies of the impact of computer-based simulation software in education began more than
four decades ago (Smetanaa and Bell, 2011). This long period of investigating the
effectiveness of simulation underlines the importance computer simulation software in the
field of science education. The reason for the continuing search of the utilization of
computer simulation software is because of the ongoing development of characteristic,
features, and advantages of ICT in general and the computer simulation software
specifically. As well as the probability of success in possibility or ability to computerize -
or model - scientific experiments and natural phenomena in virtual laboratory applications,
(Tatli and Ayas, 2010). Also, real equipments by simulation can be replaced by digital (or
virtual) ‘manipulatives’ (Triona & Klahr, 2003).

Among the reviewed studies, it was very rare to find a study aimed at investigating the
effectiveness of computer simulations in primary schools and Oloruntegbe and Alam,
(2010) confirms this in their study. The majority of studies were about middle or high
school students, undergraduate students, and pre-service science teachers. Thus, this gives

importance to the current study.

Since that the current study investigates use of simulation program to improvement
students’ academic achievement and supporting the conceptual change and because it
relates to using simulations as an alternative of practical work, the literature from studies in
all these fields will be reviewed. Literature will be classified as follows (see also Table 3

for number of studies in each category):
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1-

Studies including interventions aimed at improving academic achievement for
science students through using a simulation program and comparing these to the
traditional teaching.

Studies aimed at using the simulation program to enhance students’ conceptual

change in science and comparing with traditional teaching.

Studies aimed at using the simulation program as an alternative to (or integrated
with) the traditional science lab to improve students’ academic achievement and
develops attitudes towards science learning and teaching. These type of studies
typically also look at features of computer simulation software that minimize
amount of time necessary for conducting experiments and reducing costs of

infrastructure necessary to conduct the experiments.

Arab studies aimed at using computer applications and software (e.g. PowerPoint

and Internet) to enhance academic achievement for science students.

This classification will be used to compare results from previous studies and to compare

and later to discuss results of the current study. Some studies classified in more than one

category.
Table 3
The Classification of Previous Studies
No Classification Studies M .Of
studies
Studies comparing effect of teaching using interactive computer
1 simulation software versus (or combination with) traditional teaching on 16
improving students achievement.
Studies comparing teaching using interactive computer simulation
2 software versus (or in combination with) the traditional teaching 10
enhancing a conceptual change.
Studies using interactive computer simulation software as a replacement
3 for a traditional laboratory versus (or in combination with) the traditional 10
laboratory method and its impact on students’ achievement and attitudes
towards learning science
4 Arab studies using various applications of the computer (e.g. PowerPoint, 9

Internet)
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3.2 Using computer simulation for improving students’ academic achievement

Huppert, Lomask, & Lazarowitz (2002) conducted a study to investigate use of computer
simulation in computer-assisted learning (CAL) in high school. The aim was to investigate
impact on students’ academic achievement and mastery of science process skills, and
consider their cognitive developmental stage. The sample consisted of 181 students from
five tenth-grade classes (15 year-olds) in Israel. Students were distributed to an
experimental group (two classes; N=82: 68 girls and 14 boys) and a control group (three
classes; N=99: 80 girls and 19 boys). The experimental group studied in the CAL mode of
instruction and used a blended method with laboratory experiments and computer-
simulated experiments. The control group followed the traditional classroom/laboratory
method. The software program used is called ‘The Growth Curve of Microorganisms’
(TGCM) developed by Huppert and Lazarowitz (1986) based on an approach devised by
Daley and Hillier (1981). Furthermore, in each group, one laboratory assistant and one
technician were available for technical assistance. The computer simulation was integrated
into the teaching of the topic of microorganisms and the laboratory work. Although using
different learning modes, the experimental group and control group studied the same
learning material. The control group, however, did not experience working with the
microcomputers and instead performed experiments as presented in their textbook. Both
groups studied the topic over a similar length of time. Data were collected from three
biology tests: (a) an academic achievement test was used as a pretest and posttest to
measure students’ knowledge on the topic of microorganisms, (b) a videotaped group test
(VTGT) was used to measure students’ cognitive stages (concrete, transitional, and formal),
and (c) a biology test of science processes (BTSP) was used to measure students’ science

process skills on the topic of microorganisms.

The results of the study indicate that higher cognitive learning can be enhanced with
computer-simulated experiments. The students in the simulated CAL learning environment
exhibited complex and integrative reasoning, which often proves to be very difficult for
tenth-grade students doing laboratory work. Regarding the students’ cognitive stages,
results showed that students in the concrete and transitional operational stages in the
experimental groups achieved significantly higher than their counterparts in the control
group, with effect sizes of 2.66 and 2.83, respectively. No significant differences were
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found on the mean scores between the two groups (experimental and control) of students in
the formal operational stage. Thus, the simulation proved more effective for the lower
cognitive groups only.

Teachers who taught in the experimental groups reported that students displayed
confidence and positive attitudes towards the use of the CAL unit, but attitudes and self-

esteem were not investigated systematically in this study.

Marbach-Ad, Rotbain, & Stavy. (2008) conducted a study to investigate the effectiveness
of computer simulations, compared with traditional teaching, and used high school
students’ achievement on the topic of molecular genetics. They created three groups. The
first group was a control group (CG) containing 116 students; the second was an
experimental group of 61 students who conducted computer simulation (animation)
activities. The third group of 71 students used static illustrations (models and pictures)
together with a hands-on activity, but no computer. Participants were all taught the same

science content.

The study used three measuring tools. The first was a test with multiple-choice items to test
understanding of knowledge. The second measure was a test with open-ended written
questions. The third measure was personal interviews. The first two instruments which
were multiple-choice and open-ended written questions were given to the students after the
molecular genetics instruction. The questions in both instruments were grouped under three

categories of subtopics and the results were as following:

1. The structure of DNA and RNA.

The average scores for the computer (81%) and the illustration (77%) groups were similar,
but significantly higher than the average score of the control group (69%) for multiple-
choice items. The same result was obtained for questions in the open-ended written
guestionnaire which showed no significant differences between the computer (82%) and the
illustration (76%) groups, but both scores significantly higher than the average score of the
control group (60%). In interviews students were asked to characterize the structure of
DNA, about 72% of the interviewees from each of the computer and the illustration groups
referred to the components of the nucleotides in details, whereas only 19% of the

interviewees from the control group referred to the components of the nucleotides only.
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The conclusion in this subtopic, they found that integration of the computer model or
illustration activity in the instruction of the structures of DNA and RNA molecules
enhanced students’ achievement in similar ways.

2. The molecular processes of DNA replication, transcription, and translation.

The average scores in the multiple-choice questions concerned molecular processes. These
show a similar pattern to the one found in the first subtopic: the average scores for the
computer and the illustration groups were similar, but significantly higher than the average
score of the control group. But the open-ended questions of this subtopic revealed a
difference among the three groups. The average scores of the computer group (69%) were
higher than those of the illustration group (56%), and each of these scores were
significantly higher than the average score of the control group (40%). In the interviews
concerning the processes of transcription and translation, students were asked to answer the
question: How are proteins synthesized according to the genetic code? A complete answer
should refer to both processes of transcription and translation, In all groups a low
percentage of students referred to both processes (lower than 31%). when asked; How is
DNA replicated? a majority of students from the computer group (95%) and from the
illustration group (82%) correctly explained the semi-conservative mechanism of

replication, whereas only 42% of the students did so in the control group.

Overall, findings concerning the second subtopic show that achievement with regard to
processes was lower than with regard to structure compared to the first subtopic this all
applied to both instruments, and all groups. Note that the open-ended questions in this
subtopic reveal that the students who used the computer simulation in teaching outscored
those who studied with use the illustration model.

3. The conceptual relationships between genetic material and its products.

In the multiple-choice questionnaire, the average scores in both computer (77%) and the
illustration (78%) groups were similar, but significantly higher than the average score of the
control group (69%). In the average scores of the open-ended questions revealed that the
computer group (48%) scored higher than the illustration group (37%) and the control
group (35%); there were no significant differences between the illustration and the control
groups.

In the interviews students were asked to answer the question: How is the genetic
information in DNA coded? Completely correct answers should refer to the structural

45



aspect of the genetic code—three nucleotides (codon)—and to its functional aspect, which
is the relationship between the codon and the amino acid. Analysis of the responses showed
that 79%of the interviewees from the computer group and 73% from the illustration group
referred to the nucleotide triplet or the nucleotides sequence, whereas, only 46% of the
interviewees referred to triplets of nucleotides or to the relationship between the sequence
of nucleotides and amino acids.

A summary of the findings concerning the third subtopic It seems that it was easier for
students to choose the correct answer to the multiple-choice questions than to articulate
correct responses to the open-ended questions and this is obvious through the average
scores on the open-ended questionnaires were much lower than those on the multiple-
choice questionnaire, for all groups.

Summary for the findings of three subtopics, found that in the multiple-choice items to test
understanding of knowledge showed that the average scores of the computer simulation and
the illustration groups were similar (74 and 70, respectively) but that both were better than
the control group (at 61). Whereas in the open-ended written questions showed that the
students who used computer simulation achieved significantly higher scores (p<0.01) than
the two other groups.

The authors use interviews also to asked students; How the type of learning program they
used contributed to their learning of the genetic topic. Regarding students’ visualization of
DNA structure and the processes of DNA replication, transcription, and translation, 95% of
the students in the computer group referred to the computer animation. One student
explained that ‘[with a computer] we can see exactly how the process [transcription and
translation] occurs and it is easy to translate that into words’ (p. 284) and continued by
saying that the activities ‘broke the routine of the traditional lecture format’ (p. 285). A
majority of students who used the computer simulation mentioned that they enjoyed the
activity very much and would like to do it more, in other biology topics as well. In the
illustration group, 54% of students recorded an impression similar to, ‘I saw the
illustrations from the booklet; in the booklet that we received we were asked to complete
figures, and that helped me see things in a more visual way’ (p. 284). Moreover, in
response to the question of whether molecular genetics was more difficult than other topics
in biology, students in the computer group said that the use of the program made the

genetic topic easier to understanding. As percentage, 38% of students who used simulation
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program said that the molecular genetics lesson was not difficult in versus 58% of students
who used traditional method said it was difficult.

Marbach-Ad et al. concluded that the results revealed that learning via computer animation
was in some knowledge or concepts more effective than learning via the illustration
activity. But certainly in the majority use computer simulation or animation is better than
use tradition method of learning. This proves the impact of the computer simulation or
animation model on students’ understanding, especially in teaching about a dynamic

process such as molecular genetics topic.

Stieff and Wilensky (2003) investigated the impact of a computer simulation program on
understanding and applying chemistry concepts for six undergraduate chemistry students
(four fourth-years and two third-years). The software offered an opportunity for students to
observe and discover interactions in a simulated environment that enables them to develop
a deeper understanding of chemistry concepts and processes in the classroom and

laboratory. This study focused on the concept of chemical equilibrium.

Stieff and his colleague used the observation and interview method, and they commented
(pre-interview) that there was a misconception about chemical equilibrium. They used
observation and interview to measure whether there were any improvements in:

a) Defining equilibrium for a chemical system,

b) Characterizing factors affecting equilibrium, or

¢) Transitioning between sub- , micro-, macro-, and symbolic levels during problem

solving.

The results showed that the students improved in defining chemical equilibrium,
distinguishing factors that affect equilibrium, and in problem solving. In general, using

computer simulation for chemistry is helpful in promoting conceptual reasoning.

Stern, Barnea, & Shauli (2008) examined the influence of computer simulation on the
understanding of kinetic molecular theory (a chemistry lesson) on seventh-grade students at
a middle school. The participants were three teachers, and each teacher taught one
experimental class and one control class. They created three control groups (N= 18, 20, and
24 in a total of N=62 student distributors in three classrooms) and the three experimental
groups (N= 26, 21, and 24 in a total of N=71 student distributors in three classrooms). The

three teachers each taught one experimental class and one control class. The computer
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simulation program, called ‘A Journey to the World of Particles’ was applied in
combination with other conventional learning activities. For this exam, the researchers used
a pretest and posttest and semi-structured personal interviews designed to probe beyond
students’ initial responses; they interviewed four of five students from each group (15

minutes).

Because no significant differences were found between the pretest scores of the three
experimental classes and the three control classes, the authors pooled the results from the
three experimental classes into one experimental group and pooled the three control classes
into one control group.

The result showed improvement was more considerable in the experimental group than in
the control group. Whereas the students in the experimental group improved their scores
between pre and post test by 29 points, on average, students in the control group gained
only 12 points. Furthermore, students in the experimental group (total of all three
classrooms) scored significantly higher in the posttests than students in the control group
(total of all three classrooms) (M=58.56 and M=38.60, respectively). In interviews,
interviewees from both the experimental group and the control group attained similar scores
when responding to written questions during the interview, but there were more students
from the control group who expressed the incorrect idea in regard to kinetic molecular
theory, such as that students think that particles are still and start to move only upon
heating. Therefore, the difference might be attributed to that the computerized simulation
clearly shows for the students in experimental group that particles are constantly moving.
They concluded that the computerized simulation enhanced the understanding of the
particulate nature of matter of seventh graders. Moreover, they concluded that using
computer simulation as a supplementary tool to promote meaningful learning is better than
using it alone. They added that kinetic molecular theory has been one of the most difficult
scientific theories to accept. Some research suggests that representations—especially
dynamic representations—can help make these abstract ideas intelligible for students. They
said ‘Many studies done over the past few decades clearly show that learning of abstract
ideas in science requires the use of effectual and diverse instructional strategies. Amongst
these are the role of prior knowledge, the use of relevant phenomena for making scientific
ideas plausible, conditions that facilitate the transfer of knowledge, and the importance of
guiding students’ interpretation of their learning experience’ (p. 312)
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In (2004) Kiboss, Ndirangu, & Wekesa conducted a study in the secondary classes to
investigate the effectiveness of a Computer Mediated Simulations (CMS) Program on
students’ learning outcomes. The purpose of this study was to investigate the effectiveness
of a CMS Instruction Program in improving secondary school pupils’ learning outcomes in

cell theory lessons.

A total of 102 secondary school students from three secondary schools served as the
participants of the study. The participants (N= 59 males and N= 43 females) were randomly
selected from three classrooms situated in three schools. They were three groups. The first
was experimental group one (EX1 took a pretest), the second was experimental group two
(EX2 did not take a pretest), and the third was a control group (CG). Both EX1 and EX2
groups were taught biology course content using computer simulations, and participants in
the CG were exposed to the same biology course content but through the regular teacher-
directed mode.

Kiboss and his colleagues used three measuring instruments, which are a biology
achievement test, a classroom environment questionnaire, and a student’s attitude
questionnaire. Before the beginning of the intervention, the EX1 and CG both received the
pretest, whereas EX2 was denied the pretest. After that, at the end of the biology course on
cell theory, the instruments of measurement were administered to all the groups (EX1, CG,
and EX2).

The finding of this study demonstrated higher mean scores for the two experimental groups
(EX1 and EX2) than for the control group (CG). Also, the mean scores of the two treatment
groups (EX1 and EX2) were not significantly different (28.03 and 29.03, respectively). The
researchers attributed the lack of significant difference between the posttest mean scores of
EX1 and EX2 to the fact that both experimental groups were exposed to the same CMS
program.

Generally, this study demonstrated that the use of well-designed computer simulations in
learning environments are effective in improving pupils’ knowledge and performance in the
biology course on cell theory, as well as their perceptions of the classroom environment
and attitudes towards the subject. Furthermore, the results of this study confirmed earlier
findings that the use of computers promoted positive attitudes and perceptions of the

classroom environment amongst students.
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Zacharia (2003, 2005) and his colleagues (2008) studied student science teachers and
currently employed science teachers taking a conceptual-based physics course. They
undertook a series of investigations considering the combined use of traditional
instructional tools and computer simulations. Zacharia, Olympiou, & Papaevripidou (2008)
investigated the effectiveness of using interactive computer simulation (called Virtual
Manipulative [VM]) in combination with a traditional laboratory (called Physics
Manipulative [PM]) to achieve a conceptual understanding of heat and temperature in
physics. The experimental group used a mixture of the methods (PM and VM), and the

control group used just PM.

The study sample consisted of undergraduate elementary school student teachers (N= 62);
the experiment took place at a university in Cyprus. Participants were divided into two
groups. The control group of 31 students (CG) used only PM, and the experimental group
of 31 students (EX) used PM and VM. Zacharia and his colleagues adopted the prediction,
observation, and explanation (POE) strategy, in which the purpose is to make a cognitive
conflict when information is presented through experiments. The students are asked to use a
POE strategy to (a) recognize their conceptions or beliefs (through observation and
prediction), (b) evaluate the value of these beliefs (i.e. their prediction), and (c) at a group
and personal level, decide whether or not to reconstruct their preconceptions or beliefs
(explanation step).

Two kinds of pretests and posttests were conducted for each group. The first test measured
students’ conceptual understanding of temperature and changes in temperature, and the

second tested only the students’ understanding of the concept of changes in temperature.

The results showed that the two groups were equivalent before conducting the experiment.
But after the experiment, the first posttest determined that significant differences existed
between the experimental group and the control group, in favour of the experimental group
(p<0.001), and this supported the hypothesis that the use of a combination of PM and VM
had a stronger effect on undergraduate students’ conceptual understanding of temperature
and changes in temperature than the use of PM alone. Furthermore, the results revealed
differences between the second posttest scores of the two groups regarding students’

understanding of the concept of changes in temperature in favour of the experimental group
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as well, with p<0.001. These results indicated that EX seemed to better promote the

students’ conceptual understanding of changes in temperature than the CG.

Wu, Krajcik, & Soloway (2001) found that a chemistry simulation’s visualization tools
may have aided students in developing an understanding of chemical representations. This
result was found after investigating how students in public high school developed an
understanding of chemical representations with the aid of a computer-based visualizing
tool. The sample of this study was 71 students (N= 35 females and N= 36 males) from the

same high school.

Measurement tools for this study were a pre- and posttest and observation. After a six-week
period, the results found an improvement between student outcomes in the pre- and
posttest, in favour of the posttest (p<.001, effect size"2.68). The analysis of video
recordings of students’ performance revealed that several features in the computer-based
chemistry visualizing tool helped students construct models and translate representations.
And this made referential linkages between visual and conceptual aspects of the
representations. This may have deepened their understanding of chemical representations

and concepts.

Kumar and Sherwood (2007) evaluated the effectiveness of using instruction with a
multimedia simulation on student teachers’ conceptual understanding of environmental
topics. The topics addressed in this study were classes of organisms that form a river
ecosystem, dissolved oxygen, macro invertebrates, composition of air, and graph-reading
skills. To conduct this study, they used the simulation software called River of Life.
Foundational principles in choosing this program, according to the researchers, were as
follows: (1) The use of multimedia as an anchor helps to provide students with an authentic
environment for presenting information for problem solving in the form of challenges, (2)
the availability of multimedia reference resources as technology-based tools for deeply
exploring the problem context, and (3) the flexibility of the learner to view the problem
from multiple perspectives. The number of participants were (N=83), all of them

undergraduate students. The outcome measures were pre-, posttest, and delayed posttest.

The results reveal a significant increase in mean scores from the pretest to the posttests

(p<0.05; mean scores 38.86 and 75.30, respectively). Furthermore, there is high
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significance between the pretest and the delayed posttest in favour of the delayed posttest
(p<0.05; mean scores 38.86 and 83.97, respectively). The limitation of this study was the

limited sample size.

Cepni et al. (2006) conducted a study aimed to assess the effect of the computer-assisted
instruction material (CAIM) in regards to the topic of photosynthesis on students’
misconceptions, understanding of photosynthesis concepts, and attitudes towards science.
They used a photosynthesis achievement test (PAT) for three levels of cognitive domain
(knowledge, comprehension, and application) both before and after intervention for the two
groups, one experimental and one a control group, each group containing (N=26) students

(i.e. the total was 52 students in eleventh grade in high school).

The result for PAT in the posttest showed a statistically significant difference between the
experimental group and the control group in favour of the experimental group (M= 70.81
for experimental, M = 59.69 for control). For the cognitive domain, the result showed that
the students who used CAIM got higher cognitive levels of learning compared with the

control group except at the knowledge level.

In order to assess the misconception, ten questions similar to those on the achievement test
were asked both before and after the treatment. The result found that misconceptions

decreased in the experimental group better than in the control group for all questions.

Regarding attitude towards learning science after treatment, there was a statistically
significant difference between the two groups, in favour of the experimental group (before
M =1.70 and after M =2.64) and the control group (before M =1.79 and after M = 2.09).

Vartacnik et al. (2000) conducted a study on an interactive multimedia tutorial unit and its
effects on the understanding of chemical concepts. The purpose of this study was to
investigate the effects of using an interactive tutorial multimedia unit on the understanding
of selected chemical concepts and students’ perception of the new teaching-learning
environment. The hypotheses were: (a) the experimental group will achieve better posttest
results than the control group, (b) there will be significant differences between the
experimental and the control group in the total number of scores achieved in the posttest
and pretest, and (c) the visualization elements of the teaching unit will have an impact on
better understanding of the selected chemical concepts
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The students participating in this study were 50 students in high school. They were divided
into an experimental group (N=26 students) and a control group (N=24 students) based on
scores achieved on the pretest. In the study, the experimental group was presented with the
computer-multimedia tutorial teaching unit supported with written materials. They spent
five sessions, each of 45 minutes duration. The control group took part in traditional
teaching sessions on the same topic of the same duration but without computer-multimedia.
Pretest and posttests were conducted to measure the effect of the intervention.

Results showed that students in the experimental group performed better in the posttest than
students in the control group; students in the experimental achieved, on average, 20.5%
better than those in the control group. Moreover, there was a statistically significant
difference in understanding of the selected chemical concepts between the two groups in
total scores achieved in the pre- and posttest, in favour of the experimental group.
Regarding the benefit of a visual presentation of the chlorophyll spectrum and the written
explanation about absorption, as well as animation of the absorption phenomena shown on
the CD-ROM, it contributed significantly to a better understanding of the phenomenon, and
students were better able to apply their knowledge in solving questions about the topic. On
the other hand, in this study, all hypotheses were accepted as valid, but the multimedia

teaching unit has promising effects on the students’ acquisition of knowledge.

Sherwood and Hasselbring (1986) examined the effectiveness of using computer simulation
for ecological concepts focusing on various presentation methods of a computer-based
science simulation as related to student content knowledge of the simulation concepts. The
sample was 145 students in sixth grade, divided into three groups: (a) pairs of students
working with the computer simulation, (b) a total class (the whole classroom) working with

the computer simulation, and (c) a non-computer list game-type setting for the simulation.

The measurement tool was the content achievement test on the science content (posttest
only) containing two parts, the first nine multiple choice questions covering the concepts of
the ecological, and the second exercise to complete a ‘food pyramid’ of the ecological
simulation setting. This test was administrated after completion of the course (immediate
posttest) and six weeks later (delayed posttest).

After doing the immediate posttest, results showed a statistically significant posttest
achievement in part one (ecological concepts) in favour of group two, which was the total

53



class working with the computer simulation in the first part, but in the second part there
were no statistically significant results. Regarding the delayed posttest (after six weeks),
there were no statistically significant results between groups. However, in conclusion, there
is some indication—although it needs to be investigated further—that large group
instruction (i.e. whole class) using simulation may be slightly more beneficial than other
methods. Moreover, researchers attributed the cause of this result to the small sample and

weak measurement tools.

Chang (2001) conducted a study comparing using a problem-based computer-assisted
instruction (PBCAI) and the direct-interactive teaching method (DITM) on the impacts of
enhancing students’ achievement (knowledge, comprehension, and application levels) in
the subject of earth science. The study sample was 159 tenth-grade high school student
divided into two groups, an experimental group (N=84 students) using or exposed to the
problem-based computer-assisted instruction (PBCAI) and a control group (N=75 students)
using a traditional method represented as a direct-interactive teaching method (DITM)

along with regular computer-Internet usage.

For gathering data, Chang used a pre- and posttest for each group, testing pre- for both and
post-after two weeks for both. For analysis of data, confidence level was 5% level, using
ANCOVA to detect any significant difference between the two groups (experimental and
control). Two weeks after the experiment, results indicated, in general, that there was a
higher significant difference of achievement test results between students who used PBCAI
and students who used DITM, in favour of PBCAI (in p = .028, p < .05). In particular, in
cognitive domain of knowledge and comprehension level, the students in the PBCAI group
also revealed significantly greater gains than did those in the DITM group (p= .006, p<.05
and p=.017, p< .05, respectively). But in the application level there was no significant
difference between students in the PBCAI group compared to those in the DITM group (p
=.787, p >.05). In conclusion, Chang said this study showed that incorporating problem-
based instruction into CAI and putting it into a science classroom has been determined to

be fruitful and beneficial in promoting science achievement and enhancing pupils’ learning.

White, Kahriman, Luberice, & Idleh (2010) evaluated the effectiveness of using computer-

simulation software for learning a protein structure versus the use of visualization.
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Freshman undergraduate students were the sample of the study (N= 477), divided into two
groups, one that used a visualization lab (N=161) and the second that used a simulation lab
(N=316). The survey administered in both groups both before and after the experiment
consisted of two questions to determine misconceptions.

The result for comparison of learning gains with visualization and simulation lab activities
and analysis of videotape of students using visualization and simulation showed no
statistically significant differences between the two groups. Regarding students’ opinions of
simulation and visualization in learning protein structure, the students mentioned that they
felt that the simulation taught them slightly more than the visualization; this effect was very

small but statistically significant.

Taskin and Kandemir (2010) evaluated the advantages and the effectiveness of using
computer-based simulation applications during science education to cover the subject of
energy conservation in academic achievement and attainments of seventh-grade students.
The study was conducted during the 2009-2010 academic year for seventh grade students.
Total participants were 40 students divided into two groups, (N=20) in the experimental
group and the other (N=20) in the control group. For data collecting tools in this study, they
used a pretest and posttest consisting of 20 multiple choice questions for both groups and
gathered data in the SPSS system to analyse data.

The result of the pretest before the experiment found that the prior knowledge of students
about the science subject was equal between the two groups. Therefore, there was no
significant statistical different between the groups (p>.05). But after the experiment, the
result showed a high difference of average points on the achievement test between students
in the experimental group and those in the control group, in favour of the experimental
group.

In conclusion, results showed that the average post-testing points of students in the
experimental group who were taught with a simulation-based method were higher than the
average points of students in the control group who were taught using traditional methods.
Thus, it can be said that education with computer-based simulations works to improve and

increase students’ academic achievement in the field of science and increases their learning
skills.
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Manlove, Lazonder, & Jong (2006) investigated the effectiveness of regulatory guidelines
(planning, monitoring, and evaluating) within using computer simulation in promoting
student learning and thus student outcomes in the topic of fluid dynamics. The participants
were 17 students in high school, distributed in two groups. The experimental group (N=8)
used computer simulation with regulative directions guidelines, and the second control

group (N=9) used the same program but without regulative directions guidelines.

After the experiment, results showed that the experimental group significantly
outperformed the control group in learning outcomes, planning and cognitive (M=96.88 Vs
M= 2198 & M=12.56 Vs M=7.03 respectively) Monitoring and evaluation were

comparable in both groups.

Sun, Lin, , & Wang (2009) created a sun and moon system model as an instructional tool to
conduct a study on the effectiveness of this system model of the sun and moon to help
fourth-grade students understand of astronomical concepts in elementary school science. In
addition, he investigated their feelings (satisfaction) towards using the sun and moon
system model in learning science.

The sample was 128 students from four classrooms in elementary schools, divided into two
groups; the experimental group (N=63) were taught the sun and moon system using the
proposed information technology (IT) application in a computer classroom. The control
group (N=65) students were taught using traditional teaching that used photographs in a
natural science classroom.

The instruments of data collection were a pretest and posttest (40 minutes for each) on the
concept of moon phases and positions. Moreover, the attitude questionnaire tested how
students in the experimental group felt about using the sun and moon system model.

After four weeks, results from the posttest showed a statistical significance in favour of the
experimental group (p<.05). This indicated that students in the experimental group
outperformed students in the control group. Whereas, the result for the attitude
questionnaire for the students who used the sun and moon system revealed that more than
two-thirds of the students—responding by agree or strongly agree on the questionnaire—
preferred using the system model incorporated into science teaching, and they mentioned
the system model had real potential to increase their interest and their engagement in

learning science. Also, the students were willing to use and recommend the sun and moon
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system to their classmates for learning, and they think the IT application is a positive

learning tool for science topics.

3.2.1 Discussion on studies using simulation to improve academic achievement

The previous studies, shown above, aimed at using the simulation program to improve the
academic achievement outcome for students. There were a total of 16 studies distributed
over four educational stages: one study conducted in the primary school stage for the fourth
grade (Sun et al., 2009), four studies conducted in the middle school stage (Taskin and
Kandemir, 2010; Stern et al., 2008; Kiboss et al., 2004 and Sherwood and Hasselbring,
1986), seven studies executed in the high school stage (Marbach-Ad et al., 2008; Manlove
et al., 2006; Cpeni et al., 2006; Huppert et al., 2002; Chang, 2001; Wu et al., 2001, and
Vartacnik et al., 2000), and four studies applied to undergraduate students (White et al.,
2010; Stieff and Wilensky, 2003; Zacharia et al., 2008, and Kumar & Sherwood, 2007).

The computer simulation used in several disciplines on natural sciences was investigated to
determine the extent of the effectiveness and suitability of using simulation programs for
science teaching in order to improve students’ academic achievement. In most studies
results were positive and simulation programs improvement of students’ academic
achievement in topics such as earth sciences (sun, moon, earth, and their movements); life
science: energy conservation, photosynthesis and river ecosystem environment); chemistry
(kinetic molecular theory, interactions of molecules in different levels, symbolic and
molecular representations and chemical change); biology (cell theory, molecular genetics,
and the growth curve of microorganisms); and physics (fluid dynamics and heat and
temperature). On the other studies, simulation programs failed to achieve positive results on

topics such as protein structure lessons in biology and ecological lessons in life science.

This could suggest that computer simulation may be suitable in some topics and not in
others. It is not obvious why this would be, but there are obvious difficulties involved in

representing or imitating some topic in a simulation program.

Studies with positive results typically attributed this to appropriately designed simulation
programs for the topics. For example, Huppert et al. (2002) said, about the biology topic in
their study, that ‘computer simulation renders the problem investigated concrete by

displaying the process of counting cells, manipulation of the variables, diluting the growth
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sample, and presenting the outcomes on graphs visually and immediately’ (p. 819). They
added that the simulation helps simplify complicated science processes for students, as they
can immediately receive feedback to know whether steps and actions they took are correct
or not. Other studies highlighted the idea that the opportunity to repeat the experiment
many times within a short time period allowed the students to compare the results they
achieved with other results through manipulating and changing variables, hence, giving
students sufficient time to reflect of the data they gained and comparison with their

previous experience for this experiment.

Still other studies suggested that, for a simulation program to explain the topic of science
adequately, it must display the topic in dynamic forms that allow students to benefit from
trial and error and to repeat the experiment over and over again without losing lesson time;
this cannot be done with the traditional method, which uses still or static photos as
illustrations. Many studies pointed to the importance of engaging students in an interactive
way during the use of computer simulation. For example, Marbach-Ad et al. (2008) say
‘Using visualization effectively is to make visualization interactive and to increase active
student involvement in learning’ (p. 288). Other elements mentioned for positive results,
were the program users' efficiency, whether they are students or teachers; pedagogical
support (i.e., instructional approaches; learning strategies; the simulations’ learning
environment (i.e., dynamic, visual, realizable and multiple-representational instructional
environment; instructional capabilities) and students’ attitudes toward the computer. For
example, Taskin and Kandemir (2010) said that even if the simulation software was
perfectly designed for the students and lessons, the teacher who teaches the lessons remains
the key element for effective teaching with computer simulations. They therefore suggest
that teachers should be given in-service courses on computer-based education by experts.
Moreover, the study by Sun et al (2009) suggests that possibility to use the simulation to
stimulate a constructivist learning environment that allows students to construct new
concepts and integrate these concepts or accommodate prior conceptual in order to change
of misconceptions and get good understanding. In addition, some studies suggests that there
are insufficient educational materials for explaining and clarifying science subjects and the
resultant inability to foster students’ understanding of science topics thus it favors the use
of simulation programs in science teaching. For example, Stern et al. (2008) mentioned

that most of the available materials in the intermediate schools in the United States are

58



insufficient for properly teaching scientific concepts and this enhances the use of simulation

programs as an alternative.

As for the studies that had negative results, they found that there are many factors that may
be to blame: for example, bad simulation program design that is either not fit for sample
study or that does not represent (i.e. simulate) the topic lesson properly; inefficiency of the
users, whether students or teachers, in using a computer simulation program; the difficulty
of the topic itself; and, finally, the weakness of measurement instruments used. Sherwood
and Hasselbring (1986) had measurement instruments for collecting the data from an
achievement test that were very weak. They did not check the reliability and validity of the
study instrument to know if it would achieve the aim of their study, and they did not make a
pre-test to verify that the groups were comparable. In addition to the difficulty of the topic,
some concepts in the topic such as topics of the ecological and food pyramid, which are
difficult for the students in the sixth grade for the intermediate stage to grasp it. as well it is
difficult to represent or simulated them properly in a simulation program. Also, some study
used old version of simulation software such as study of Sherwood and Hasselbring (1986)
used a simulation titled Odell Lake, which was designed or established in 1981 and was not
updated. Note that there was five years between the design of the simulation program and
the start of the study, therefore, and in this period maybe the program was updated and it
was still not fit for the study sample. Therefore, it is necessary to use a fitting simulation

program and to conduct the study properly.

In the same context, some studies attributed the negative finding to the practical activity
learning used in the study. For example, White et al. (2010) did not find any statistical
difference between students who used lectures along with illustrative photos in the lab and
those who used a simulation program. He attributed the reason to the fact that the two

groups were doing the same practical activity

It is noticeable from the studies presented above that there is one study out of the 16 that
was done on the primary schools stage. The reason for this may be related to the nature of
the simulation program itself, since it requires a high level of computer skills to enable the
students to manipulate variables in an experiment that displays on the computer screen, and
these skills may found only in students who are in the intermediate, secondary, or

university stages. Also, in these stages the students’ cognitive ability, according to Piaget,
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exceeds the cognitive ability of students in the primary schools stage. There is also a
difference in capabilities in dealing with simulation program as a new intervention for the

educational research in terms of manipulate of variables.

Regarding the impression of the students when using simulation programs for science
topics teaching, many studies (such as Cpeni et al, 2006; Marbach—Ad et al, 2008; Sun et
al, 2009) revealed that the students enjoyed participating. Also, these studies conclude that
the students’ attitude toward learning science was improved more among students who use

the simulation program. Table 4 shows all the studies in brief.
3.3 Using computer simulations to enhance conceptual change

Trundle and Bell (2010) examined the influence of computer simulation in conceptual
change on the science topic of moon phases. The sample was student science teachers
(N=157 of the 182). These students were distributed into three groups. Group one (N=50)
used a computer simulation ‘Starry Night’. The second group (N=61) students used the
computer simulation ‘Starry Night” for 6 weeks and observation in nature for 3 weeks. The
third group (N=46) used natural observation only to gather moon data.

The study used before and after a test in order to observe change in conceptual
understanding of moon phases. The results found that no statistically significant differences
amongst the three groups in achieving a desired conceptual change, they attribute this due
to use active instruction among three groups. In regard to the content knowledge of the
concept of waxing and waning, however, there was a significant difference between those
who only used computer simulation ‘Starry Night” and only used natural observation (p <
.011), There was no differences between used computer simulation ‘Starry Night’ and
Starry Night + Nature Group (p = .162) also there is no different between Starry Night +
Nature Group and the Nature Only Group (p = .198) was not statistically significant.
Moreover, in case of asking the participants to draw the scientific moon phases compared to
pre instruction they found that the participants who used computer simulation ‘Starry
Night’ only gained highest score (98.0%) compared to both groups Starry Night™ + Nature
= 86.9% and Nature only = 76.1% .

Trundle and Bell attributed the success of computer simulation to the good design of the
three-dimensional modeling of the earth—-moon-sun system, which reinforced and extended

participants’ experiences with the data they collected from the simulation which used, thus,
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that the teacher didn’t need to worry to think about extraneous variables of local geography,
such as; weather, or clouds that can obscure vision Moon, and these extraneous variables
could be hinder the students’ to observations or data collection about Moon.

Furthermore, computer simulations can providing good quality support structures,
including training on how to use the simulation, scaffolding and feedback about decisions
and actions, these support structures may be embedded within the simulation itself through
the interactive, or may be provided by the teacher. They added using computer simulation
provide opportunities for students to reflect upon and reconstruct their original conceptions
and prompting students to explain and justify their actions and findings promotes
conceptual understanding as well as saved time as, in this study. Total class time for the
computer simulation—based data collection was substantially less than for the natural

observation approach.

Jaakkola & Nurmi (2008) carried out a study to answer the question: Is a combination of
computer simulation and real laboratory activities more beneficial than using them

separately in fostering students' understanding of simple electricity (electric circuit)?

They established three groups from 64 elementary students (10-11 years old) divided into
three different learning environments:

a) The Computer Simulation Environment including 20 students was located in a
computer suite where students solved assignments with an online simulation, the
‘Electricity Exploration Tool’, where students can interact with the program by
setting up various circuits by dragging wires, moving bulbs and resistors into
desired points in the circuits; and change battery voltage. Moreover, the students
could conduct different electric measurements, and the simulation also visualized
the current flow within the circuit. After making a certain configuration with the
circuit, students could observe the effects of their actions and get immediate
feedback.

b) Laboratory Environment only: including 22 students who solved circuit assignments
in a normal classroom, with laboratory equipment kits that included real batteries,
bulbs, wires, switches, and a multimeter.

c) Students in the Combination Environment (using both computer simulation and

laboratory): this including 22 students used both the simulation of ‘Electricity

61



Exploration Tool’ and laboratory equipment kits. Students were first asked to
complete the assignment using the simulation and then, after succeeding with the
simulation, were asked to repeat the assignment with the laboratory equipment kits
that were located right next to the computer.
To measure the effect, the researchers used one pre-test for all students in order to sure that
students in all three learning environments were equal at the baseline and allocating them in
the three groups according to their pre-test score. The post-tests used were the same
questions as the pretest (these be called post-test basic questions) and they added four more
challenging questions (these be called post-test advanced) these questions were not
included into pretest. They will be referred to as basic and advanced post-test.
The results indicated that there was significant pre-test to post-test development within each
learning environment (P < 0.05) this applied both types of post-tests (basic and advance). In
the case of the pairwise comparisons, the results were:

1. Between combination versus laboratory: The results showed that there a statistical
significance (p<.05) difference, with students working in the combination
environment outperforming students working in the laboratory in all post-tests
questions (basic, advanced, and score total of basic and advance).

2. Between combination versus simulation: The students in the combination
environment outperformed students in the simulation environment on the advanced
post-test and in the score total of basic and advance (p<.05). But not in the basic
post-test t (p>.05).

3. Between simulation versus laboratory: There was no statistical differences between
two environments in any of the post-tests, basic, advanced, or total (p=.418, .467
and .273, respectively).

The researchers suggest that the benefit of using a combination of computer simulation and
hands-on laboratory was due to the simulation helping students to understand information
theoretically before applying it in reality, in other words, that the simulation fills a gap

between theoretical knowledge and practical work.

Ozmen (2011) conducted a study aimed at identifying computer animation—-enhanced
conceptual change texts (CCT—CA) and their effectiveness on students’ learning and
understanding of the particulate nature of matter (PNM) as a topic in chemistry in the
primary school science curricula. In the study, a quasi-experimental design was used, and
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the sample was 51 students in sixth grade (age range of 12-13 years). These students were
distributed into two groups. One experimental group (N=26 students) had a teacher with 8
years of experience in teaching science, and the second was a control group (N=25
students) that had a science teacher who had 11 years of experience. Both groups had a
mixture of girl and boy students.

The measurement tools consisted of two different tests, one for the tested concept of
Particulate Nature of Matter (ParNoMaC) and another test for the transformation of Matter
Statement Test (ToMaSaT). Both tests used were as a pretest, posttest, and delayed test in
order to collect data.

The results showed that there was no statistically significant difference between the two
groups in the pretest (p=.924), and this indicated that both groups were similar in prior
knowledge for the nature of matter. But after the experiment, posttest results demonstrated
that the students who received computer animation with conceptual change texts (CA-CCT)
instruction were more successful than students who worked in the traditional instruction.
Statistically there was a great significant in the posttest results between the experimental
group and the control group, in favour of the experimental group (p=.0001).

A delayed test was used to examine the retention of knowledge in both groups, and results
showed a statistical significance for students retaining their knowledge, in favour of the
experimental group (p < 0.001).

In Ozmen’s conclusion, he said the result of this study suggests that combining the methods
of computer animation with conceptual change texts (CA-CCT) may be a helpful method
for teaching natural matter and the transformations that occur during phase changes.
Furthermore, he insisted that it is impossible to declare that computer animation with

conceptual change texts instruction is the most ideal approach for teaching science.

Baser (2006) carried out a study using a computer simulation in both treatment groups
(control and experimental). The aim of this study was to investigate whether a conceptual
change model with computer simulation promoted and enhanced the understanding of
direct current electric circuits for student elementary school teachers.

The sample of this study consisted of 89 students, divided into two groups, an experimental
group (N=48 students) who used a conceptual change model with simulation (CCS) and a
control group (N=41 students) who used a traditional confirmatory simulation (TCS).
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There were four kinds of instruments for gathering data; the first was a test for Determining
and Interpreting Resistive Electric Circuit Concepts (DIRECT), and this test was conducted
for both groups both before and after the experiment. The second was a Physics Attitude
Scale (PAS). The aim of this scale was to measure students’ attitudes towards physics as a
school subject. The third was a Science Process Skill Test (SPST) taken to measure the
control students’ science process skills. Finally, the fourth was a Computer Attitude Scale
(CAS) to measure attitudes towards computers. The second, third, and fourth measure tools
were applied before the experiment for all students.

According to achievement related to direct current electricity concepts, the results showed
that there was a significant difference in the posttest mean scores of the experimental group
(CCS) and the control group (TCS), in favour of the experimental group (CCS) (Mcca=
17.23 and Mtcs= 12.73). Also, there was a significant difference between the experimental
group and the control group in mean scores of the pretest and posttest for both groups
(average Mcca= 10.97 in pre- to 17.23 in post- /Mtcs= 9.78 in pre- to 12.73 in post-).
According to the second, third, and fourth tools, the researcher measured the contribution of
students’ (attitude towards physics matter) previous understanding, science process skKills,
and their attitudes towards the computer to the variation in their achievements test of direct
current electricity concepts. The results showed a statistical significance. Therefore, it can
be said that previous understanding (attitude towards physics matter), science process
skills, and attitudes towards the computer account for or explain variations in achievement

related to direct current.

Windschitl and Andre (1998) examined the effectiveness of using a computer simulation to
enhance the conceptual change for the human cardiovascular system as an instructional tool
into two groups, one as an experimental group with the constructivist environment
(exploratory) and the second as a control group with an objectivist learning environment
(confirmatory), both of which use computer simulation. The participants were
approximately 250 college freshmen students. Divided into two groups as mentioned
before, each group had 7 sections of approximately 15 students each (i.e. total of 14
sections). The instrument of measure was a multiple-choice pretest and posttest, focusing

on six common misconceptions relevant to the human cardiovascular system.
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The results showed that students who used the computer simulation in a constructivist
environment showed significant differences compared to students who used a computer
simulation in an objectivist environment approach for 2 of 6 commonly held alternative
conceptions. The other four showed no significant differences between them. In addition,
the results found in this study supported the idea that computer-based simulations offer a
suitable cognitive environment within which to test learners’ self-resolution of alternative

conceptions, achievement, and general responses to constructivist instruction.

Talib et al. (2005) used a constructivist method with computer-animated instruction (CAnl)
to examine the effect of its use in the conceptual change progress by teaching complex,
abstract, and dynamic (CAD) concepts of electrochemistry compared with conventional
learning.

Eighty-five students entered the study, distributed into (N= 45) in the experimental group
and (N= 40) in the control group. The data instruments were a pretest and a posttest and
open-ended questionnaires, all of which were used to analyze the participants’ conceptual
change and their perceptions.

The results show a statistically significant difference in the posttest mean scores for the
students exposed to the computer-animation in comparison to the students who were
exposed to the conventional method (M=13.6, M=10.2, respectively).

According to open-ended questionnaires, students who used computer animations
responded positively, mentioning that using computer animation gives the ability to
concretely and explicitly portray topics and concepts that are complex, abstract, and
dynamic (CAD).

Finally, they said that use of computer animation as instruction enhanced and facilitated the
subjects’ conceptual change progress. Furthermore, it served as an alternative replacement
to static illustrations printed on transparencies (or drawn on the whiteboard) as practiced in
conventional instruction. Moreover, engaging the students in presenting clear sequences of
animations as learning tools with constructivist instructional activities seemed not only
effective in significantly improving the conceptual change and the understanding of science
concepts, but also affected students’ positive perceptions and attitude towards learning and

teaching science.
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During the academic year 2006-2007, Tekos and Solomonidou (2009) conducted an
experiment in four Greek Elementary Schools to investigate the use of ICT regarding the
optic concepts of light reflection and diffusion and vision using constructivist learning and
teaching. The sample of this study was 140 students (aged 11-12 years). (N=81) joined the
experimental group where teaching was within a constructivist and collaborative learning
environment with the use of ICT tools and activities, and (N=59) students in the control
group were taught using standard textbooks and teacher presentations on the blackboard.
Researchers used the questionnaire tool to elicit misconceptions and ideas about the optic
topic before the ICT intervention.

With five initial student misconceptions on the topic of optics, which are (a) the nature of
light, (b) distinguishing light reflection and light diffusion, (c) understanding the
geometrical model, (d) light diffusion in the atmosphere, and (e) vision.

The study results indicated that teaching with the use of ICT tools and activities had
positive learning results in the experimental group. The differences in students’ answers
between the experimental group (EG) and the control group (CG) showed an increased
percentage from pretest to posttest in all five of the students’ misconceptions, in favour of
students who used ICT (i.e. experimental group). Based on the above, there were
statistically significant differences between the two groups, in favour of the experimental
group (p<.05). In conclusion, Tekos and Solomonidou attributed this success of the
characteristics of the software to the understanding of the geometrical model, as an
example, which may be due to:

(a) Students’ engagement in real problem-solving activities,

(b) Prediction, testing, and confirmation of their own models,

(c) Use of analogies referring to everyday situations,

(d) Appearance of appropriate feedback messages whenever the student answered either
correctly or incorrectly, and

(e) Allowing students to engage in problem-solving activities in a virtual geometric optics
laboratory.

All of these results allowed the researcher to acknowledge the influence of the learning

materials of ICT on students’ conceptual change and comprehension of the phenomena.
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Jimoyiannis and Komis (2001) conducted a study on computer simulations in physics
teaching and learning. The purpose of this study was to investigate the role of computer
simulations in the development of functional understanding of the concepts of velocity and
acceleration in projectile motions. For this purpose, a total of (N=90) students attending the
first year of high school (15 and 16 years old) participated in the research. The students
were distributing in control and experimental groups. The control group consisted of
(N=60) students, who were attending courses in two different high schools. The
experimental group consisted of (N=30) students, who were attending courses in another
high school. The experimental group was taught using computer simulations, whereas the
control group was taught in a traditional way without computers.

The results of this research showed that the experimental group showed significant
improvement on the achievement test. It seems that working with computer simulations
helps students to overcome their cognitive constraints. The students from the control group
who received a traditional type of instruction had no improvement in their achievements. It
is evident in this study that both the groups face serious understanding and comprehension
problems concerning the principle of the independence of the horizontal and vertical
components of the velocity.

Researchers concluded that the results presented above show that computer simulation
could be used complementary or alternatively to other instructional tools in order to
facilitate students’ understanding of velocity and acceleration as a science concept.

Tao and Gunstone (1999) conducted research to find a conceptual change in science
through collaborative learning by using computer simulation programs. The purpose of this
classroom study was to investigate whether and how collaborative learning at the computer
promotes conceptual change in mechanics. This was integrated into a 10-week physics
instruction of a tenth-grade science class at a high school. The class contained 14 students
where pairs of students worked together. For collection of data, a conceptual test was
administered to the class as a pretest and posttest to determine students’ conceptual change.
Students in the class worked collaboratively in couples with the computer simulation
program.

This study showed that the computer simulation program supported collaborative learning

and provided students with experiences of co-construction of shared understanding and
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peer conflicts that led to a conceptual change for those who were cognitively engaged in the
tasks and prepared to reflect on and reconstruct their conceptions.

At the final interview, students who achieved a conceptual change indicated that they were
aware of their alternative conceptions and could clearly state the conceptual change they
had undergone. They also claimed that they constantly tried to understand and make sense

of what they learned.

Zacharia (2007) conducted a study to investigate the efficacy of interactive computer
simulation in virtual experimental (VE) with respect to changes in students’ conceptual
understanding of the electric circuit. To achieve this, a pre—post comparison study design
was used. Participants were 88 undergraduate students (student elementary school teachers)
divided into two groups: an experimental group (N=45) used both real experimental (RE)
and virtual experimental (VE) for an electric circuit. And the other, the control group
(N=43), used real experimental (RE) only.

A conceptual electric circuit test was administrated to both groups before, during, and after
to assess students’ understanding related to the three concepts of behavior of simple electric
circuits, measurements of current, and resistance and measurement of voltage.

After the experiment, the results of the posttest (for the conceptual electric circuit test)
showed that students in the experimental group had significantly higher scores than
students in the control group (F 1.85 = 10.6, P < 0.001). This finding suggests that the
combination of RE and VE had a stronger effect on undergraduate students’ conceptual
understanding of electric circuits (behavior of simple electric circuits, measurements of
current and resistance, and measurement of voltage) than RE alone.

In conclusion, evidence from the result of this study indicated that the use of combination
VE and RE promote enhanced students’ conceptual understanding more than RE in relation

to the topic of electric circuits.
3.3.1 Discussion on studies using simulations to enhance conceptual change

It is noticeable how the number of vary among the different stages of education. For
example, there is one study only in primary schools, two studies in middle schools, two

studies in high school students but, five studies on at undergraduate level.
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Because the current study focus in primary stage, we may conclude that there are many
reasons of scarcity of studies at the primary school level, such as the fact that working with
simulation program through a computer requires skills in dealing with computer
components such as the keyboard, the mouse, etc... In order to achieve interactivity with the
simulation program, also have skills to deal with sudden problems and solve it that could
occur during using the program in a lesson, especially if the teacher was not acquainted
with how to deal with the computer.

Furthermore, the researcher is afraid that the skills shortage in the primary students’ may
affect the study results or that the majority of young students in the primary stage will not
care or deal seriously with the measurement tool (i.e. a questionnaire), so the collected data
may be inaccurate or unable to be generalized. Therefore, the researchers may prefer to use

students of the intermediate, secondary, and university stages.

The studies show that simulation programs were used to support conceptual change in a
variety of scientific concepts. We find electricity with electricity circuit optics with light
reflection and diffusion lessons; the nature of matter change and phase changes; force and
motion; electrochemistry; astronomy with moon phases; and the human body with the

cardiovascular system.

The majority of studies found that a simulation program helps students to review and
comparing their prior knowledge and concepts with what they observe through use of
simulation. For example, a study by Tekos and Solomonidou (2009) mentions that using
information and communication technology (ICT) is widely used and effectively
contributes to teaching science, particularly if the educational program, such as a
simulation, it particularly effective when it is based on research into the various prior
misconceptions that students have, thus, aiming at assisting the students and creating
challenges for them through offering an appropriate opportunity for students to review the
prior ideas and concepts and comparing them with what is introduced for them by the
simulation program. Then they work to revise the misconceptions or build new scientific

concepts.

They added that the simulation make students (a) engagement in real problem solves

activities, (b) prediction, testing, and confirmation of their own models, (c) use of analogies
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referring to everyday situations, and (d) appearance of appropriate feedback messages

whenever the student answered either correctly or incorrectly.

One of the studies, Jaakkola & Nurmi (2008), concluded that using simulation programs
integrated with the real laboratory enhances students’ conceptual change more effectively
than working only with the simulation program or in the laboratory. This was demonstrated
through the advanced test which included new questions which were not included in the
pretest, which means that combining computer simulation and a real lab through using
simulation first and then use real lab makes the student to understanding and promote the
conceptual change. Researchers attributed their result to the simulation software providing
two distinguishing features: (a) providing a idealized model of the electrical circuit, and (b)
visualising circuit functioning, a matter that first helped students to understand the
theoretical principles of electricity. Then the students went to the real lab to apply what
they had seen through the software in a real experiment. This study had some negative
points, as results cannot be predicted if the students use a real laboratory first and then the
simulation program. Also, in the basic test, there was no significant statistical difference
between students who used the simulation integrated with the real laboratory and those who
used the simulation only. The same of this conclusion was found it in Zacharia’s study
(2007) when he use of combination virtual experimental (VE) with real experimental (RE)
in the laboratory.

In conclusion, most of studies shows that we can benefit of characteristics and features of
simulation software in simplify complicated scientific processes, clarify some concepts that
cannot be showed in the real lab, and offer the opportunity for the students to observe
through repeat experiments many times, change and manipulate variables or elements, and
prediction and reflect in a results of these variables to compare with what they already hold
of preconceptions for the same topic. These features could help to fill the gap between the
information theoretically in the classroom and hands-on laboratory activities. Thus, the
benefits of combination or using simulation along with hands-on laboratory activities can
bridge the gap between theory and reality (see figure 7), through help students to first
understand the theoretical principles of topic and then in order to promote conceptual
change, it is necessary to challenge further students’ intuitive conceptions by demonstrating
through testing that the laws and principles that are discovered through a simulation use
before or with combined apply in reality. Table 5 shows all the studies in brief.
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Simulation program
Used to: Simplify
reality & some
concepts, operating
observes and as
pre-laboratory
training

Theoretical Real world or Real lab

information used used to: experiments

to: Law, fact, conduct, hands-on,

concepts...etc discover, learning-by-

doing...etc

Figure 7 The benefit of using simulation is bridge the gap between theory and reality
3.4 Using computer simulation as a replacement for laboratory

One of the most important studies conducted by Olorunteghe and Alam (2010) has been
much debated in the research literature. They investigated and debated in many articles in
different branches (such as; using the websites in the university e-journal include Springer
links, Informal world, ProQuest, Science Direct-Elsevier, Questia, IEEExplore, Journals
consulted include Computer and Education, International Journal of Science Education,
International Journal of Science and Technology Education, Science Educators, Science
Education, International Journal of Engineering Education, Chemistry Central Journal,
Conference like those of SIGCSE, SIGITE and WCCCE.) of education on whether using a
virtual laboratory and simulation (3d-aimintion) in science teaching was useful for
improving and enhancing student outcomes of cognitive, skills, and attitudes.

A study revealed that there was evidence of learning improvement and performance
enhancement and in over eighty-five percent (85%) of the studies data revolved around
affective dispositions of satisfaction, interest, enjoyment, and fun in use of simulation. With
this, the authors concluded that there was no sufficient evidence yet to determine the
pedagogical effectiveness of this state-of-art technology. The authors, however, appreciate
the newness of this field of human endeavor and are of the opinion that sufficient time,

spread, and focus are required to make a valid evaluation possible.
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In general, the authors concluded that the literature consulted and used was dispersed across
science disciplines. Many were not used because the domain of interest could not be
attributed to education. Some could not be cited because they were not affiliated. Another
important observation was that these efforts were mainly from universities and research
institutes in America and Europe. Only sporadic efforts were reported from Asia, and none
from Africa. Most were designed with university undergraduates serving as subjects in case
studies. The efforts have not gone down to the secondary and primary levels of education.
While we appreciate the fact that the field is a relatively new one that requires more time
and spread for a valid evaluation, the conclusion of this study is that there was insufficient
data on the pedagogical effectiveness of 3D environments and virtual realities beyond
affective disposition.

Bakar and Zaman (2007) assessed the effectiveness of a virtual laboratory (VL) used when
teaching chemistry. First a questionnaire was distributed to 14 chemistry teachers and 100
students to find out the difficult topics in chemistry. From analysis, they found that topic
salt was the most difficult concept for teachers to explain and for students to understand.
Next, they created a virtual laboratory software for teaching and learning a salt lesson and
using this software with the constructivism-cognitivism-contextual approach in learning
and teaching to enhance and strengthen cognitive skills for participants in this study.

Two groups in this study, first experimental group included 4 students used a virtual
laboratory with constructive, cognitive, and contextual methods, and the second was a
control group included 4 students used conventional methods. For data gathering, they used
a pre- and a post achievement test to evaluate student performance containing two sections,
a section A to evaluate cognitive-level knowledge, understanding, application, and analysis.
Section B questions involved a higher level such as analysis, application, synthesis, and
evaluation.

The results in the posttest found the average test performance for the experimental group
was 47.00% (13.53% in the pretest) while the control group was 29.23% (14.10% in the
pretest). That meant there was a statistically significant difference between the
experimental group and the control group, in favour of students in the experimental group.
In conclusion, the researchers found that teachers and students who used (VL) thought it

was very useful in science teaching and learning.
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Gibbons, Evans, Payne, Shah, & Griffin (2004) conducted a study to compare students who
used a virtual laboratory with students who used a real laboratory in regard to students’
knowledge of basic genetics (chromosome analysis). Forty-seven undergraduate students
from Brunel University were divided into two groups. The control group undertook the
traditional approach to learning the skill of chromosome analysis involving a photograph,
scissors, and glue. The experimental group used a computer-based simulation approach
called KaryoLab as a virtual laboratory. In addition to an achievement test for data
gathering, the students’ opinion of the use of the KaryolLab computer simulation was
evaluated by the questionnaire as well.

Although the results show that the students in the experimental group scored 4% higher in
assessment than the control group, there was no statistically significant difference between
both groups. But in regard to the opinion of students for using the computer simulation,
responses were positive. The most notable response was that 100% of the students polled
would have preferred to complete the KaryoLab over the real lab with the scissors and glue
method.

The tutor also reported that it was much easier to perform practical classes with KaryolLab
than with the scissors and glue approach. Moreover, students in the experimental group
were able to complete the sections faster than the control group both in the practice session
and in the assessment (p value < 0.05). They concluded that results showed that the
KaryoLab virtual laboratory can achieve a substantial reduction in study time without any
significant effect on student performance in assessment.

Martinez, Pontes-Pedrajas, Polo, & Climent-Bellido (2003) conducted an educational
project involving the development, application, and evaluation of a virtual chemistry
laboratory (VCL) used as a simulation program. Their aim was to investigate whether using
the VCL program as a complement to traditional teaching methods improved student
performance in a chemistry laboratory experiment with respect to four goals: (a) knowledge
about the apparatus, (b) basic operations in the laboratory, (c) solving practical problems,
and (d) solving theoretical practical questions. To find this out, they compared the results of
two groups, a control group and an experimental group, for a period of two years for first-
year undergraduate students (N=274). The control group (N=139) used traditional methods,
and the experimental group (N=135) used traditional methods and VCL be as a

complementary tool to introduce them to the real laboratory.
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The results found that there was a statistically significant difference between the two
groups, in favour of the experimental group, with respect to improving and enhancing
students’ knowledge, basic operations in the laboratory, and skills necessary for solving
practical problems. There was no significant difference between the two groups regarding
the fourth goal.

In conclusion, they asserted that the students involved in the experimental group achieved a
higher level of learning than students in the control group and that the VCL program was
helpful in improving the learning process in the real laboratory. They also added that the
use of VCL especially contributed to improving the work of those students who had the
greatest learning deficiency. in general the use of virtual Laboratories as a complementary
tool may help students to introduce them to work the real laboratory.

Farrokhnia and Esmailpour (2010) examined the influence of using virtual manipulations
(VM) through the use of interactive computer-based simulations as a pedagogical tool in
students’ ‘conceptual understanding of the subject of DC electric circuits’. The participants
were 100 undergraduate students distributed in three different groups. The first group was
called the real group (N=30) who used physical materials such as wire, bulb lamp, key, etc.
The second group, called the virtual group (N=35) used only a computer-based simulation.
The third group, the comprehensive group (N=35) used a combination of physical and
virtual materials to conduct their experiments.

Researchers used a pretest and a posttest to gather data about the extent of the impact of
computer simulation on students’ conceptual understanding and skills on the subject of
electric circuits. After the experiment, results from the posttest indicated that scores for the
students in the comprehensive group were better than those of students in the real group,
and there was a statistically significant difference between them, in favour of the
comprehensive group. And between the comprehensive group and the virtual group, there
was no statistical significance, while the mean score was slightly better in the
comprehensive group. There was no statistical significance between the real group and the
virtual group. In relation to skills, results found that all groups were equal in level of
knowledge about using real electric tools for assembling circuits. The interesting result was
that students in the virtual group built the circuit by real materials correctly and measured
the demanded quantities in less time compared to other groups.
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In conclusion, the researchers found good evidence that working with the interactive
computer simulation during the laboratory classes eliminated the confusion amongst
students in setting up electrical circuits and, consequently, they could better get familiar
with the placement or arrangement of electrical pieces in circuits (parallel and series) and
closely observe the movement of electrons across the circuit.

Kennepohl (2001) investigated the effect of computer laboratory simulation software for a
chemical course on students’ performance and their experience with use of a computer
simulation compared to a real laboratory method. The researcher designed two groups for
gathering data and used a performance test and questionnaire to gather data about students’
experiences. The first group containing (N=72) students was an experimental group that
used computer laboratory simulation, and the second group containing (N=82) used a
traditional laboratory without simulation.

The results found no statistical significance between the two groups in relation to
performance tests overall, while students in the experimental group performed slightly
better than the other group on the lab quizzes (74.5% and 67.5%, respectively) that tested
practical laboratory knowledge. Regarding the students’ experiences and their opinions on
using the computer laboratory simulation, there was a positive attitude in the following
elements: simulations were easily accessed on the computer (76%), instructions were clear
and easy to follow (84%), the quizzes in the program reflected well the information
presented in the simulations (88%), and quizzes strongly reinforced the course material
(82%). However, there was a low percentage in how interesting the laboratory simulation
was and the ability of these simulations to help them prepare for real laboratory work (68%
and 46%, respectively).

In conclusion, in this study, the use of laboratory simulation to supplement a real laboratory
did not seem to affect the overall performance of students in their chemistry course. The

combination of simulations and real laboratory was useful, however, in saving time.

Bilek and Skalicka (2010) conducted a study to investigate whether combining a virtual
laboratory (computer simulation software) with a real laboratory led to improve students’
experimental activities in studying laboratory pH in a general chemistry course. The sample
was 85 students in eleventh grade in high school. Divided into two groups, the first group

used simulation before a real experiment to explain its principle and for training the

activity. The second group used simulation after a real experiment for explaining its
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principle and helping for fixing knowledge. After students finished their lessons, their
worksheets were analyzed on three levels; two levels of the three were relevant to this study
of the task of measuring pH.

The level-one results in pH values collected from real and virtual pH-meters found no
statistically significant differences. In level two, which focused on problem-solving tasks
based on previous activities and students’ common experience, found no statistical
significance either.

In conclusion, the results indicated that real experimentation should not in any way be
eliminated from school laboratory practice; moreover, forming and improving manual skills
(measuring by available laboratory instruments, working with laboratory systems,
constructing from common subjects of everyday use, working with safe substances), which
are an important part of natural science education, cannot be fully replaced by practicing

through a monitor and keyboard.

Tuysuz (2010) felt that hands-on experiments were rarely performed in public schools
because of the lack of laboratories in schools or not enough in instruments in the
laboratories. Therefore, he designed a virtual laboratory related to the topic of separation of
matter to investigate its effects on students’ achievements and attitudes towards learning

chemical science.

The method was quasi-experimental for research design. The sample was from ninth
graders in high school (N=341) divided into two groups, a control group (N=167) that used
a traditional method to teach the unit on separation of matter and an experimental group
(N=174) that was taught by a constructivist-based instructional approach that was enriched
by computer animations at the computer laboratory. Through eight weeks, the experimental
group conducted 16 virtual experiments. The instruments used for data collection were a
pre- and posttest for both a knowledge scale test (KS) and a chemistry attitude scale (CAS)
test.

After the experimental period was finished, results found that in the pretest the level of
knowledge in both groups was the same at p=0.941, so there was no statistical significance.
After the posttest, results indicated that the mean value increased for both groups, which

was interesting because the mean of the experimental group was twice that of the control
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group’s mean value (m=10.62 and m=5.40, respectively). These results indicated that there
was statistical significance in favour of the experimental group (p=0.01).

Regarding the students’ attitude towards teaching and learning chemistry science (CAS),
the results indicated that teaching the chemistry topics in a virtual laboratory by using
virtual experiments affected students’ attitudes towards chemistry positively. Through the
(CAS) mean scores, it is seen that EG’s mean scores were higher than those of the CG’s
(M=103, 64; M=75, 65, respectively). In other words, there was statistical significance
between the two groups, in favour of the experimental (P=0.01<0.5).

Tuysuz concluded that the use of a computer in science instruction is useful, especially
when the content of science is taken into consideration. Amongst the reasons for this
suitability and helpfulness is that it allows teachers to use lesson software enriched with
visual and sound presentations to make complex and abstract scientific concepts and

phenomena concrete and understandable through appropriate instructional methods.

Sun, Lin, & Yu (2008) conducted a study on learning effects amongst different learning
styles in a Web-based virtual laboratory of science for elementary school students. The
purpose of this study was to explore learning effects related to different learning styles in a
Web-based virtual science laboratory for elementary school students.

This study was administrated to over 113 students - from 132 students - from four fifth-
grade classes in an elementary school, randomly selected from different districts in Taiwan
and divided into two groups. (N=56) students from two of the classes were assigned to the
experimental group, where they received information-integrated, Web-based virtual science
laboratory teaching, while the other (N=57) students from the other two classes were
assigned to the control group, where they received traditional classroom teaching. The
instruments for data gathering were: (a) questionnaire surveying learning styles, (b) pre-
and posttest achievement test of science, and a (c) questionnaire on Web-based lab
teaching.

After finished the treatment, the results of this experimental teaching method demonstrated
that: a) students in the experimental group using the online virtual lab achieved better
grades than those in the control group under traditional class instruction, b) a Web-based
virtual science laboratory learning environment is suitable to accommodate various learning

styles, and c) the attitude of the students showed that nearly three-fourths of the students
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were willing and preferred using the Web-based virtual laboratory over reading textbooks
only.
Sun and his colleagues concluded that some powerful points emerged according to the

study results:

e Interest in learning sciences was promoted via simulated experiments.

e Individualized learning and teaching occur easily because it is easy for students to
click on the computer rather than ask the teacher, thus eliminating the feeling of
being embarrassed when asking the teacher.

e The possibility of repeating operations powers cognition and helps build science
conceptions more easily.

e Science learning is enhanced over the traditional teaching method.

e The science-simulated laboratory is able to accommodate learners with different
learning styles.

e Problems related to rooms, equipment, and limited time for laboratory class are
eliminated.

e The object-directing design simplifies the management and maintenance of the

virtual lab.

According to problems facing science teachers, school administrators, educators, and the
scientific community regarding ethical controversies over animal dissection in traditional
laboratory or classrooms, Akpan and Andre (2000) examined the influence of a prior
dissection simulation of frog dissection in improving students’ actual dissection
performance and learning of frog anatomy and morphology.

The sample in this study was seventh graders (N=127) in middle schools; after many
factors the number was reduced to 65 students, divided into three experimental conditions
as following: First condition—students (N=21) used a computer simulation before
completing an actual frog dissection (SBD); second condition—students (N=28) used a
computer simulation after completing an actual frog dissection (DBS); third condition—
students (N=16) used an actual frog dissection only (DO).

The tools for gathering data were three: pre- and posttest on anatomy and morphology and

attitudes towards frog dissection. Dissection performance was evaluated during the
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experiment through observation and a checklist (right/wrong) by the researcher and
worksheets by students.

The results of the study indicated that students who used condition one SBD performed
significantly better than students who used DBS and DO on both the actual dissection and
knowledge of anatomy and morphology. Between DBS and DO, there was no significant
difference. Regarding students’ attitudes towards the use of animals for dissection, there
was no significant difference in pre- and post-attitudes between and within groups.

In conclusion, the researcher thought of two possible reasons why simulation after
dissection had no effect: one, the complexity of dissection is such that students are unable
to form a good memory prior to instruction; and two, because students believe they already
know what the simulation covers and pay less attention to it. The results of the present
study suggest that presentation of a computer simulation before the actual dissection may
provide an experiential base that enhances learning and performance of students on the
actual frog dissection. This study also supports the idea that computer-based simulations

can offer a suitable cognitive environment when students search for meaning.

Regarding expenses in terms of equipment, consumables, and time required of academic
and technical staff in real laboratory practice in chemistry, in addition to the seriousness of
some of the chemical solutions, Limniou, Papadopoulos, Giannakoudakis, Roberts, & Otto
(2007) conducted a study to investigate student achievement when using the computer
simulation laboratory on the topic of viscosity, and their opinion was that removing or
reducing obstacles of laboratory practice added to the lab’s impact.

The sample in this study was undergraduate students (N=88) divided into groups: an
experimental group (N=44) where students in this group used their own PCs in the
prelaboratory session and performed virtual experiments using the viscosity simulator, and
after that they went to the real laboratory and performed the same experiment. Students in
the second group (N=44) used a traditional method of a real laboratory.

The instrument for data collection was a questionnaire containing two parts: the first part
measured students’ content knowledge, and the second was students’ opinions towards use
of simulation as a prelaboratory educational tool.

The results found there was a statistical significance between the two groups relating to the
content knowledge, in favour of the experimental group, also a difference between the two
groups’ means (from 23% to 29%). On other hand, opinions of the students who used the
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virtual prelaboratory expressed that they felt more confident, understood the theory behind
the experiment, and had more of an opportunity to question the teacher before attending the
real laboratory; their responses on the questionnaire were 82% to 91%, a very high
percentage.

The control group (CG) students’ responses were unfavorable. They complained that they
repeated the experiment several times to no use; moreover, routine procedures like
repositioning and cleaning of the capillary were tiresome and boring.

In conclusion, students in the experimental group found it more constructive and less
tiresome to spend time in both the prelaboratory and laboratory sessions to overcome

problems that the control group faced.
3.4.1 Discussion on studies using simulation as replacement lab teaching

This section has reviewed studies that used simulation software as an alternative or
complementary to real science lab. The subjects investigated included were chemistry,
anatomy, and physics. | think there is two reasons can concluded through the previous
studies for using computer simulation software as an education tool that is an alternative or
complementary to a real science lab, the first reason is included some problem may
prevents the use of real laboratory such as; limited time (i.e., insufficient time) for the
lesson, the lack of some means or equipment to conduct scientific experiments, and the
danger involved in conducting some scientific experiments in the school. Therefore, the
characteristics of simulation may solve these problems or obstacles, Gibbons et al. (2008)
shed light on the abilities, advantages, and benefits of programs based on computer use, e.g.

simulation software. These advantages include:
1- Flexibility of time (students can complete the virtual laboratory at a time convenient
to them).

2- Flexibility of location (students can complete the virtual laboratory in a location

other than the teaching laboratory).

3- Control of learning pace (students can take as long as required to understand the
concepts with the virtual laboratory). So, in the context of students not having to

rush to vacate the laboratory, they can work at their own pace (p. 263).
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Other studies refer to that virtual laboratories, i.e., simulation programs, offer an additional
set of potential advantages. For example, they can reduce testing time, because simulations
can be developed to perform tests through a computer-based assessment and then results
can be sent directly to the tutor electronically. And, finally, their use could lead to reduced
infrastructure costs (it is not necessary to spend funds on laboratory equipment, reagents,
consumables, and laboratory staff). Virtual laboratories have been seen to cut the costs of
running a practical class significantly (see Gibbons et al. 2008, p. 264).

The second reason is that some studies (Akpan and Andre, 2000; Farrokhnia and
Esmailpour, 2010; Limniou et al, 2007; Martinez et al, 2003) that suggest the use of virtual
laboratory such as computer simulation as an educational aid, complementary or as pre-
laboratory to training in the activity and these may help students to reflect on the how
experiment conducting in the real laboratory. Such as by permitting the self-training of
students through their individual work by simulation, either to clarify and observe the
experiment or as a training task in itself through simulation before introduced to real
laboratory. Also it can reduce the gap between the theoretical information and hands-on in

real laboratory.

It could also help solve the problem of overcrowding in lecture halls, especially in
introductory courses that often have 150-200 students per lecturer. In addition, it allows
instructors to focus on the explanation of basic theories and reduces the time devoted to

instrument operation and technique (see Martinez et al., 2003 p. 352).

Some studies show that there are some negative points to the simulation software, including
the fact that simulations or representations of natural phenomena or scientific experiments
are not exactly like reality. There are elements affecting this phenomenon that cannot be
observed through using simulation software but only through real practical work of the

process, but that may be impossible to apply in schools that need to cut costs.

In general, whatever of a benefit of virtual laboratory such as computer simulation, the real

experimentation should not in any way be eliminated from school laboratory practice.

See Table 6 shows all the studies in brief.
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3.5 Arabic studies

Al-huthaify (2008) conducted a study to investigate the differential impact of using e-
learning on student achievement, mental abilities, and attitudes in science learning at
middle school in the seventh grade. To achieve this, the sample was 60 students divided
onto two groups, an experimental group of (N=29) students (we used a private school in the
Kingdom of Saudi Arabia) and (N=31) students in control groups. The researcher used pre
and post achievement tests and mental abilities, as well as an attitude questionnaire.

The results showed a significant difference in the posttest of students’ achievement between
the two groups, in favour of the experimental group that used e-learning. No significant
differences were found between the two groups in mental abilities or in attitudes towards
science.

Overall, the mean score for the experimental group was slightly higher than the control
group both in mental abilities and in attitudes towards science. However, this rise is
important in that it has statistical meaning. The limitation of this study was that the
researcher did not apply the experience to public schools but instead used a private school
because of the availability of computers. Moreover, the students in the experimental group
were taught by the researcher himself, so the bias factor may impact results.

A comparative study of Al-Dael (2002) found a statistical significance between students
who used a computer in learning the three skills of arithmetic operations (addition,
subtraction, and multiplication) of math in both a pretest (Meg=10.71, Mcg=09.00) and a
posttest (Meg=14.15, Mcg=11.02).

The results above were found when he applied the experiment at the Institute of Capital
Model in second grade for 40 students distributed into two groups, one an experimental
group (N=21) that used a computer laboratory for teaching and learning math, and a control
group (N=19) that used a traditional method. The period of the experiment was two weeks
for both groups. A pre- and post achievement test was administered for both groups to
investigate the effect of using the computer in teaching and learning addition, subtraction,
and multiplication in math.

The limitation of this study is the small sample size and that the experiment was applied in

a private institute, not a public school in the Kingdom of Saudi Arabia.
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In the Sultanate of Oman, specifically at the Faculty of Education, Ali (2002) conducted a
study aimed to investigate the effect of using information technology on the Internet for
student math teachers on their academic achievement and their attitude towards using the
Internet in teaching.

The sample was 50 second-year undergraduate students. A pre- and posttest of students’
achievement was conducted, as well as an attitude questionnaire.

The results found a statistical difference between the pre- and post-achievement test (p=.01,
p<.05) in favour of the posttest. However, there was no statistical significance of the
attitude towards using the Internet for teaching math. The effect size in this study is very
high at 1.3. The researcher attributed the negative attitude to using the Internet in teaching
to the shortness of the experimental period.

PowerPoint computer software was used by Sulaiman (2007) to examine the effectiveness
in students’ achievement and attitude towards using it in the teaching of art education,
specifically artistic taste, at a middle school in the Kingdom of Saudi Arabia.

Participants (N=120) students were divided into two groups, one an experimental group
(N=60) who used a PowerPoint program to teach artistic taste, while the second control
group (N=60) used a traditional method. For gathering data, students’ achievement test and
an attitude questionnaire were administered to both groups.

The result indicated that in the posttest, students who used the PowerPoint program
outperformed the students who used the traditional method; therefore, there was statistical
significance between the two groups taking the posttest, in favour of the experimental
group. Moreover, there was a great difference between the mean scores pre- and post-
attitude towards using the computer to teach art, in favour of post-attitudes (M pre=61.6, M

post=79.7). Also, there was a statistical significance for the posttest.

Sobhi & Abdullah (2003) conducted a study to investigate the effects of using computer
assisted-learning (CAL) in Islamic education to improve the rules of Tajweed in the reading
of the Holy Quran for tenth graders in high school in the Hashemite Kingdom of Jordan.
One hundred and fifteen participants divided into 57 students (N= 32 male and N= 25
female) as a control group used a traditional method, and 58 students (N= 33 male and N=
25 female) as an experimental group used CAL.

The instrument of data collection was a pre- and post-Tajweed test. After the experiment
concluded, results showed that the students who used CAL performed better both in an oral
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and theoretical test than students in the control group. Also, there was statistical
significance between them in favour of the experimental group, while there was no

significant difference between the two groups in relation of sex (male or female).

Fathallah (2006) conducted an experiment with a group of undergraduate students (N=117
student teachers) at the College of Education in the Kingdom of Saudi Arabia and divided
them into three groups. Group one was the first experimental group (N=41) that used the
PowerPoint software for topic presentation. The second experimental (N=38) group of
students used PowerPoint software plus video clips for topic presentation. Finally, the
control group (N=38) of students used a traditional method. The aim of this was to
investigate whether using PowerPoint software alone or PowerPoint for presentation with
video clips improved or developed students’ achievement of understanding, skills, and
attitudes towards use educational means and techniques in teaching.

For data collection, a pre- and a posttest for students’ achievement and an attitude
questionnaire were administered; moreover, observation cards to measure skills in the use
of technologies were used as well during the teaching.

The results revealed significant differences between the three groups with regard to
achievement tests, in favour of the first experimental group. Also, the second experimental
group had a statistically significant difference compared to the control group, a big
difference between the first and second experimental group compared to the control group
(d= 23.91, 19.02, and 5.01, respectively). According to skills scales, there was statistical
significance between the three groups. What was striking was that students in the second
experimental group performed better on skills scales than those in the first experimental
group. On the other hand, the second experiment was better than the first with regard to
attitudes towards using means and techniques in teaching; thus there was statistical
significance between the three groups, in favour of the second experimental group. Effect
sizes for all were (EC one=24.62; EC two0=15.64; and finally CG=5.54).

Due to the development of students’ skills and attitudes towards using means and
techniques in teaching through use of video clips integrated to a PowerPoint presentation
on the topic, the researcher recommended using this teaching method to demonstrate the

importance of means and techniques on education.
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Al-Karsh (1996) conducted a study to investigate the effects of computers in math to
improve students’ achievement and skill in an engineering unit for ninth grade in high
school in Egypt. Two groups were created, one an experimental group (N=35) and the
second a control group (N=34). For both groups, an achievement test and a skills test were
conducted.

Results revealed that students who used a computer in math did better than students who
used a traditional method. Thus, there was statistical significance in favour of the
experimental group. Also, students who used the computer got a high efficiency in the
skills of mathematical proof compared to the students in the control group.

The researcher recommended generalizing the use of the computer program in teaching to
the engineering unit. But the weakness of this argument to generalize the method (i.e. use

computer software) is that the sample is very small.

In (2007) Beshayrah and Manzalawy made a study to investigate the impact of computer-
assisted learning (CAL) versus cooperative learning in students’ achievement on the topic
of earth’s history for seventh graders in middle school in Jordon.

The participants were 115 students (57 male and 58 female). Divided into two experimental
groups, experimental group one (N=59) used computer-assisted learning for learning earth
history. The other was experimental group two (N=56) that used a cooperative learning
method without a computer. Pre- and posttests were administered for both groups for
gathering data.

After the experiment finished, in spite of results showing that the mean scores for students
(both male and female) who used CAL (Ecl) were slightly better than students who used
cooperative learning (Ec2), there was no statistical significance between the two groups
(CAL or cooperative learning) with regard to posttest achievement.

The researcher attributed this result to two reasons: first was that the two methods (i.e. CAL
and cooperative learning) were new methods for seventh-grade students, which led to an
increased motivation to learn science. The second reason was that the experimental period
was very short. | think investigating the effect of using both methods, whether CAL or
cooperative learning and comparing to the traditional method, is more beneficial than

seeking the achievement and attitude towards using them.
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Alttamar and Sulaiman (2006) conducted a study to investigate the effect of computer-
assisted learning (CAL) in developing achievement of first-degree equations amongst
seventh-grade students in State of Kuwait.

The sample was 124 students divided into two groups: one a control group (N=62) that
used a traditional method in teaching the method unit, and the second an experimental
group (N=62) that used computer-assisted learning for the same topic. The pre and posttest
to assess achievement was administered to both groups.

The results showed a statistical significance between the two groups, in favour of the
experimental groups, regarding students’ comprehension and application levels and ability
to solve equations of one degree in one variable, while there was no statistical significance
for the remember level. The limitations of this study are that the method (CAL) was applied
on only one topic and for a short period of time. Thus, generalizing the results needs more

study.
3.5.1 Discussion and analysis of the Arabic studies

There have been many attempts in Arab studies to use computer applications (e.g.
PowerPoint and Word) in various scientific fields, although there is no Arab study (to the
best of my knowledge) that covers or examine the ability of simulation software in improve
academic achievement for students or enhancing conceptual change or supporting students’
attitudes towards science learning either together or each separately. Two studies of nine
found that it used computer program in science field, first study for Al-huthaify (2008) who
used e-learning for science teaching and his result was positive in the student's academic
achievement in favor of students who exposed to e-learning, but he did not mentioned the
science topic or concept, also he did not refer to kind of software which was used in his
study and finally he conducted his study in a private school and not public or a government,
thus we cannot to be generalized. The second is for Beshayrah & Manzalawy (2007) used
educational program for teaching earth history for students in seventh grade and they found
that there was no statistical significance between the experimental and control groups, the
researchers attributed this finding to the short duration of the experiment and the
educational program and cooperative learning was new method for the students. Also they
did not mention what kind of computer program which they was used their study, as well as

any topic specifically the history of the earth in science. Therefore, as these of limitations in
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the Arabic studies do not make you study discusses in the impartial or objective form. But
these previous studies give an impression that there is an inclination or trend to use

computer software in optimizing learning in Arab countries.

Many studies recommended that those responsible for education process in the Arab
countries to pay attention to technology and attempt to benefit from its enormous and rapid
development in the field of education. For example, Al-Huthaify (2008) recommended that
educational leaders should use electronic education within the education processes in
general and in science teaching especially, also that they should work to involve electronic
education within the pre-service science teacher’s education in the College of Education, as
well teaching science teachers to use computer to teach science during their training
programs. Aldeal (2002) recommends conducting many studies on the influence of
computer teaching subjects at the primary stage to develop problem solving and creative
thinking by providing educational programs in schools at the primary stage. In conclusion,
it is noticed that there are recommendations in all of the studies to call the attention of
education officials to the idea that ICT should be associated with the education process.
This indicates that there is a trend to use technological education tools in teaching and

learning. Table 7 shows all the studies in brief.

The current study, as an experimental study, attempts to contribute to replenishing the Arab
studies by using simulation software as a replacement for practical work in the primary
school in Kuwait.

3.6 Summary

Previous studies have been classified in this chapter into three categories according to the
aim of the use of simulation software. The aim of these categories is the goal of that when
come to discussion of the results of the current study (later in the discussion chapter) the
results will be easier to compares them with previous studies that are mentioned in this

chapter.

Through a review of the previous studies, many important observations can be drawn, as

following:
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1. The majority of the previous studies have agreed on the possibility of computer
simulation software to be an efficient education tool in science learning because of

its advantages and characteristics.

2. Some studies show that there are some factors that may affect the effective use of

simulation programs. For example;

a) Appropriate design of the simulation program so that it is: suitable
for the study sample, can achieve the aims of the study, and

represents the topic properly and as close as possible to reality.

b) Teacher efficiency and teacher experiences in technology and

computers.
c) Students’ skills in computer use.
d) The nature and difficulty of the topic difficulty.

3. Studies show that using simulation programs could help to overcome or eliminate
the problems related to science labs, such as; the lack of materials and time

limitation as well as reduced infrastructure cost.

4. Although there are positive outcomes in some previous studies towards using
simulation in science teaching and learning, many researchers acknowledge that

there are risks in relying solely on a simulation program in science education.

5. Previous studies show the possibility of utilizing computer simulation software to
use for a diversity of teaching methods, such as: as a support for traditional
methods; as a supplement or enhancement of the real science laboratory; in
cooperative learning; for self-education; and finally as an alternative to a real

science lab.

6. Using the software leads to an educational environment that is more flexible than
didactic traditional method of learning or science lab in the various ways of learning
(whole-class learning, constructivist learning, cooperative learning, or individual

learning).

7. Using the simulation explained and clarified some of the concepts that are usually

difficult for students to understanding using a traditional method only
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8. The majority of previous studies show that science teachers observe that using the
simulation software increases the attitude and motivation of students to learn

science.

9. There are very few (rare) previous studies investigating the effectiveness of using

computer simulation software on primary school students.

10. No Arabic study investigates the effectiveness of the computer simulation software
on primary school students, but there are Arabic studies investigating the

effectiveness of applying other ICT tools in education.

11. Although positive outcomes in some previous studies point towards using
simulation in science teaching and learning; however, many researchers demand

more research and investigation in this area.
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Table 4
Using Computer Simulation to Improve Students’ Academic Achievement (Arranged by Educational Level of the Sample)

Author Science lesson | Sample (Grade .
NO .
(year) topic level) Study groups Data collection Result
Experimental group used Pre-posttest of Statistical significance in favour of the
Sun, moon, earth : . .
. 128 (4th grade) sun & moon system achievement and experimental group in posttest. More than
Sun et al. and their . - : - - )
1 Elementary model in computer & attitude questionnaire two-thirds of students preferred using a
(2009) movements/ . 8
school Control group used for students felt using computer system model and felt this was
Astronomy o, . : . .
traditional photograph computer more interesting, enjoyable, and engaging.
. Experimental simulation- Statistically significant differences in the
Taskin and : . - . .
2 Kandemir Energy 40 (7th grade) aided teaching methods Pretest and posttest achievement test favouring the experimental
Conservation Middle school & Control groups P group during the combination of the
(2010) ot . 4 : .
traditional education computer simulation with lecture.
Pretest and posttest and
N . interviews  for  five | There was significantly higher
3 Stern et al. Kinetic molec_ular 13(_3 (7th grade) Experimental & Control students from each | improvement of content knowledge in
(2008) theory/ Chemistry | Middle school groups . .
group (15 min). favour of the experimental group
Three groups; . In both experimental groups, there was a
Pre- post achievement | | . . .
. Two group use Computer higher mean score in achievement test and
Kiboss et al. Cell theory/ 102 . . test + classroom o . ;
4 - . simulation one take . positive attitudes and perception of the
(2004) Biology Middle school . environment and .
pretest the other no. third . . . classroom environment.
. attitude questionnaire
use traditional (control)
(1) S'Ir':arﬁe ?Q?JUD(S ;airs) There was no significant difference between
Sherwood and group (pair Post- achievement test groups. It was recommended that teacher
. . . 145 (6th grade) | use Computer simulation. - . . . -
5 Hasselbring Ecological topic - only (immediate and use computer simulation with a large screen
Middle school (2) Mass (total class) use .
(1986) - : delay) monitor for the whole classroom because
Computer simulation (3) o .
" it’s more beneficial
Use traditional (control).
. . . Achievement outcomes for students who
Three groups; Multiple-choice (pre- d imulati liahtl
(1) Use Computer posttest) and open used computer simulation were slightly
6 Marbach-Ad Molecular 248 simulation, (2) Use ended (post only) better than students who used illustration,
et al. (2008) Genetics High school . ' \post only and much better than the control group. And
traditional (control), (3) questionnaire + ; . . -
. - : . they said the simulation was enjoyable and
use illustration interview helpful
7 Manlove et al. | Fluid dynamics/ 17 Experimental use Pre- and posttest and Results showed that the experimental group
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(2006) physic High school computer simulation with observation in learning outcomes, cognitive, and
regulatory guidelines & planning significantly outperformed control
Control groups same group. Monitoring and evaluating were
program no guidelines comparable in both groups.
Better in students’ achievement test in
Cpeni et al. . 52 (11th grade) Experimental & Control Prg— and posttest ar_1d favou_r .Of experimental group E’.md got higher
8 Photosynthesis N attitude questionnaire | cognitive level than expected in knowledge
(2006) High school groups i, X . .
scale level. Positive attitude towards science in
favour of experimental group as well.
Improvement in concrete and transitional
. operational in favour of experimental
9 Huppert et al. Biology 181 .(lOth grade) | Experimental & Control Pretest and posttest (effect size 2.66 and 2.84); no significant
(2002) High school groups .
difference between groups of formal
operation.
There was statistical significant difference
in achievement test and knowledge and
Earth science 159 (10th grade) | Experimental & Control Pre-and post- comprehension level between groups,
10 Chang (2001) . . : ; : !
subject High school groups achievement test favouring the experimental group while no
statistically significant differences in
application level.
71 (11th Pre- and posttest and There was significant difference b_efcween
Wu et al. . . . pre- and posttest. Computers positively
11 Chemistry graders) One experimental group observation & . .
(2001) " ; . affected chemistry learning effect. Students
igh school interview
preferred computer.
Vartacnik et . 50 Experimental & Control Pre-and post- Experimental group doing better in posttgst
12 Chemistry . . than students in control group and better in
al. (2000) High school groups achievement test .
understanding of the phenomena.
. No statistical significance, while in opinion
. 477 Experimental use . . ; . s .
White et al. . . : Questionnaire survey of use simulation, students said simulation
13 Protein structure Undergraduate simulation & Control .
(2010) L pre- and post taught them slightly better than
student groups use visualization AR
visualization.
Stieff and siX Pre- and post-interview High improvement eliminates
14 Wilensky Chemistry Undergraduate One experimental group P - . gh Impro . i
and observation misconceptions in chemical equilibrium.
(2003) student
62 Experimental group use Experimental group had statistical
. Heat and . : .. . . ,
Zacharia et al. pre-service real and virtual significance in better promoting students
15 temperature/ . Pretest and post test . -
(2008) Physics elementary instruments & Control conceptual understanding of changes in

school teachers

group real instruments

temperature than the control group.
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Kumar and River ecosystem / re-service Pre- and posttest in There was significant difference in increase
16 Sherwood Environmental slementar One experimental group additional delay in mean score from pretest to posttest, also
(2007) topic y posttest in delayed posttest.
school teachers
Table 5
Using Computer Simulation to Enhance the Conceptual Change
NO Author (year) | Scientific concept Sam;l):\a/él()arade Study groups Data collection Result
Students working in the combination
Three groups; environment outperformed students
(1) Computer simulation . working in the laboratory environment in
. Pre-and posttest (basic)
Jaakkola & . . . environment, (2) all three posttest scores. They also
) Simple electricity 64 (primary . and (posttest advanced) : ; .
1 Nurmi (2008) S Laboratory environment outperformed students in the simulation
(electric circuit) school) for conceptual - .
only (control), (3) understandin environment in posttest advanced and total
combination CS & L g scores but not in the posttest basic point.
environment with statistically significant difference in
favour of a combination environment.
The students of the experimental group
achieved statistically better performance in
Tekos and Optics concepts 140 (60 fifth . i conceptual change in all light concepts
2 Solomonidou | of light reflection | grade & 80 sixth Experlmer;;altjl i‘ Control wrilztr:;esszggoﬁlonsatires lessons, whereas students in the control
(2009) and diffusion, grade) group g group presented only a slight evolution in
their initial ideas but still some
misconceptions remained.
. There was a great significant in the posttest
. Pre- and posttest in . . )
Ozmen (2011) | Nature of matter . Experimental & Control i (immediate & delay) between experimental
3 . 51 ( sixth-grade) additional delay :
/Chemistry groups osttest group and control group in favour of the
P experimental group (p=.0001).
Velocity and . The results presented that the students
: P A Experimental use o . o S
Jimoyiannis acceleration in . . - . . using simulation exhibited significantly
. L , 90 students high computer simulation& Questionnaire based on | | . L -
4 and Komis motion in earth's - . higher scores in improved achievement test
o school Control group traditional | open-ended questions. . :
(2001) gravitational / and subsequently improved their
. method .
Physics understanding of concepts.
Tao and . One experimental Pre- and post The results showed that computer
Force and motion/ . - . .
5 Gunstone Physics 14 high school (Students in the class conceptual test and simulation supported a conceptual change
(1999) Y worked collaboratively in delay posttest approach of a collaborative learning style.
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couples form used
computer simulation)

abstract and

Experimental computer

There was statistically significant

Talib et al. dynamic (CAD) 85 animation & Control Pretest and posttest and | difference in posttest, also positive in open-
6 (2005) y (undergraduate - open-ended ended questionnaires in favour for
concepts of groups using - ; . . .
X students) . questionnaires experiment group in understanding
Electrochemistry transparencies
concepts.
. Two of six misconceptions of students in
Experimental (use L ;
. ) . constructivist environment who used
250 computer simulation with . . .
. . Human S simulation (experimental) outperformed
Windschitl and . (undergraduate | constructivist method) & . A .
7 cardiovascular : Pretest and posttest students in objectivist environment who
Andre (1998) students in Control group (use . : .
system o . . . used simulation as well. Whereas with the
university) computer simulation with - .
R other four misconceptions there were no
objectivist method ) e L .
statistically significant differences.
Three groups; There was no statistical significant
omputer simulation ifference amongst three groups in
1)C t lat diff t th
i environment, (2) achieving a desired conceptual change. Just
8 g;??;%ig‘; Mg(()):cgh?ss}es ser%/?Ze(ch)Egnce Observation in nature Before and after semi- | in regarding of content knowledge concept
Earth Scﬁence teachers) environment (control), structured interview of (waning and waxing) there was a
(3) combination use CS significant difference between the
& observation in nature computer simulation ‘Starry Night’ only
environment and observation in nature only.
88 pre-service Experimental use virtual Students of the experimental group had
9 Zacharia Electric circuit elzmentar then real experiments & Pre- post conceptual significantly higher scores than the
(2007) topic school teach>4/3rs Control group use real EC test students of the control group (P < 0.001).
experiments Use of VE alone also useful.
There is statistical significance in favour of
Ex_perllmgntal k:?roudp use Pre- and post for _the ezperlmer:jtall group d|n Ithe r;]osttgst
_ 89 ( pre-service simu atlonls hase on (concepts test, skills (|mme_ |_ate”& e a_):c)_, an also_t erﬁ_lsa
10 Baser (2006) Direct current primary school conceptual change & test and attitude scale) statistically significant relationship

electric circuits

teachers)

Control group use
traditional confirmatory
simulations

and after treatment
computer attitude scale

between the attitude towards physics
matter and science process skills and
attitudes towards computer in raising the
students’ achievement test.
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Table 6

Using Computer Simulation in Lab as Replacement of the Traditional Laboratory to Enhance the Students’” Academic Achievement and
Conceptual Change and Attitude toward Science Learning

Science Sample (Grade .
NO Author (year) discipline level) Study groups Data collection Result
Acid and Alkali Experimental-based Pre- post achievement . Statistical 5|gn|_f|_canF In posttest
Sun et al. . 113 . achievement and positive in accommodator
and ‘The virtual laboratory & test and two -
1 (2008) . Elementary e ; . - learning style, and 75% of students
Operation of a Control group traditional | questionnaire (opinion ;
. , school - - preferred to used VL than reading textbook
Microscope’. method & surveying learning) only
There was a statistical significant difference
Bakar and _ 100 students & Experimental virtual Pre- and post- betwegn the experimental group anq control
2 Salt / Chemistry laboratory (VL) & . group in favour of students in experimental.
Zaman (2007) 14 teachers achievement test : :
Control group Teachers and students in experimental
group think that VL very useful.
Three groups; Used simulation before real lab was great
. : Performance test and . .
. . Simulation before real . significant from both groups in
Akpan and Frog dissection/ 65 students at : . pre post achievement . .
3 - : lab, second Simulation . performance and achievement test. Attitude
Andre (2000) Biology middle schools . test and attitude
after real lab, and third . . there was no change between pre & post for
questionnaire
real lab only all groups.
Combining virtual and
Bilek and H measuring / 85 real laboratory in Evaluation of No statistically significant differences
4 Skalicka P Chemistr g students at 11th different method, one laboratory worksheets | between two methods in collected pH data
(2010) y high schools using virtual before real of participants & problem-solving tasks.
lab & other after
Exper!mental Pre and post There was statistical significance in favour
Separation of 341 . cgnstructlwst based knowledge scale test of experimental group (p=0.01) regarding
5 Tuysuz (2010) 9th grade high virtual laboratory & ; o "
Matter 2. (KS) and chemistry knowledge test. Positive attitude towards
school Control group traditional . . R
method attitude scale (CAS) use computer simulation in science.
Three groups; There was statistically significant
. One Real lab group, difference between comprehensive and real
Farrokhnia and . 100 - - X
. DC electric Second Virtual lab group Pre- and post- lab groups in favour of comprehensive
6 Esmailpour - . students : . . L
circuits/ Physics and third comprehensive achievement test group. But there was no significance
(2010) undergraduate - X
group (both real & between comprehensive & virtual groups or
virtual) between real and virtual groups.
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- . . . 88 Experlmental group used Content knowledge test There was significance in favour of
Limniouetal. | Viscosity topic/ pre-virtual then real - . :
7 - students and opinion experimental group in test content
(2007) Chemistry laboratory & Control - . : - L
undergraduate 7 questionnaire knowledge and in positive opinion.
group traditional method
Genetics 47 Pre- and post- There was no statistically significant
Gibbons et al. ( Chromosome Experimental use virtual . P difference between both groups. Positive
8 : undergraduate achievement test and s . 4
(2004) Analysis)/ lab & Control groups L opinion and fast in practice (decreased
. students students opinion .
Biology study time).
There was statistical significance to
enhance students in the knowledge and
Martinez et al 274 Experimental Virtual Pre- and post- basic operations and skills necessary for the
9 ' Chemistry undergraduate chemistry lab & Control evaluation test and solving practical problems. No significance
(2003) o > ; 4 X . X
students group traditional lab students opinion in solving theoretical practical questions. A
positive impression from both teachers and
students.
No statistical significance between two
154 Computer laboratory : .
Kennepohl . . . . . " Postperformance test groups in relation to performance test.
10 Chemistry topic | studentsin first | simulation vs. traditional . - ; AR : ”
(2001) L only with questionnaire | Positive in easy to use & reinforce subject.
year university lab : o
Good in saving time.
Table 7
The Arabic Studies Which Interest or Concerned of Use Variety of computer application and Software for Teaching and Learning in
Different Disciplines.
Science Sample (Grade .
NO Author (year) discipline level) Study groups Data collection Result
Addition,

1 | Al-Dael (2002)

subtraction and
multiplication /
Math

40 students
Primary school

Experimental group use
computer lab & Control
group traditional method

Pre and post
achievement test

There was statistical significant in favour
of students who used computer lab.
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Pre- and post-

There was a statistical significant
difference in achievement test between the

. 60 / Experimental use e- . . .
Al-huthaify Science topic 7th grade in learning & Control group achlevemen_t_test & experimental group_and con_trol group in
(2008) . - mental ability & favour of students in experimental. No
middle school traditional method . . . SN . o
attitude questionnaire significance relating to mental ability and
attitude.
. . Experimental group use Pre- and post- There was statistical significance between
SUIZ%IOTan Ailrsttﬁ;:g;e / |\i|.I2C? dT(taustehnot(sjl PowerPoint, second achievement test & two groups in posttest and attitude, in
( ) traditional method attitude questionnaire favour of experimental group.
Experimental group use - L
Beshayrah . P
eshayrah & Earth history/ 115 students. CAL & Control group Pre- and post- There was no statistical S|gn|f|cance_
Manzalawy . seventh grade in . . . between two groups (CAL or cooperative
science middle school cooperative learning achievement test learning)
(2007) method v
There was statistical significance in favour
Alttamar and Experimental Groun use of experimental groups with regard to
. First degree 124 students P group Pre- and post- students of comprehension and application
Sulaiman ions/ h iddle school CAL & Control group hi levels and solvi . £ d
(2006) equations/ Mat Middle schools traditional method achievement test evels and solving equations of one degree
in one variable, while no statistical
significance for remember level.
Sobhi & 115 Experimental group use . - L .
Abdullah Islamic education 10th grade in computer & Control Eliﬁlsir%da'ev%it d)rt?e a;ctjmg There Wasoitzgs'gfia::lzlngig; f";izce in favour
(2003). high school group traditional method ! P group.
69 students Experimental group used Pre- and post- There was S tatistical significance in fgvour
Al-Karsh . of experimental group, also got a high
Math 9th grade on computer & Control achievement test & g . : .
(1996) X " . efficiency in the skills of mathematical
high school group traditional method skills scale
proof than control group.
Courses of _Three groups, There was statistical significance in favour
. First students use Pre- and post- . . : .
importance of 117 - . of first experimental group in achievement
Fathallah . PowerPoint, second achievement test & . . ;
means and pre-service - X - - test. Regarding skills, scales, and attitude,
(2006) . . students use PowerPoint attitude questionnaire 27 R .
techniques in teachers . . . . there was statistical significance in favour
- plus video clips, and third & skills scale .
teaching of second experimental.

traditional method
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Ali (2002)

Engineering
relations /
Math

50
undergraduate
students ( pre-

service math
teachers)

One experimental group
using Internet

Pre- and post-
achievement test &
attitude questionnaire

The result found there was statistical
differences between pre- and post
achievements test (P=.01, p<.05) in favour
of posttest. No significance of the attitude
towards using Internet in teaching math.
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CHAPTER FOUR: THE INTERVENTION - TEACHING SCIENCE WITH
ICSS

4.1 Introduction

This chapter presents the ICSS program and the intervention used in the current study. It starts by a
general discussion about ICSS programs before describing the process that was taken to design the
software in the study and the final intervention. .

4.2 Description of the interactive computer simulation software

According to the previous studies, computer simulation programs have potential and characteristics to
help students learning science through the ability to model and simulate many scientific concepts,
scientific experiments and natural phenomena. In other words, its can transform real scientific
experiments and natural phenomena into digital forms, which allows the representation and modeling
of these experiments and phenomena similar to reality, but is cheaper than implementing them in
reality. These programs for example, can simulate the pollination process or the photosynthesis system
in plant growth (Cepni et al., 2006), electrical currents and simple electric circuits (Zacharia, 2007;
Jaakkola & Nurmi, 2008) physical changes in matter or kinetic molecular theory (Stern et al., 2008),
the workings of the human digestive system, as well as other natural phenomena such as cloud
formation, moon phases, and rainfall. All of these are displayed in a clear and simplified way and are
explained step-by-step so students can work at their own pace, including explanations of all the tools or
elements needed for the experiment and/or the elements involved in each phenomenon. Thus, the

problem of a lack or unavailability of tools or materials can be solved through ICSS (see Figure 8).
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[ How electric circuits work

Figure 8. Some instructional models for science topics with simulation software

Abood (2007, P:199), Wellington (1985, P: 60) and Wellington (2000, P: 201) determine empirically
that simulation software saves money by replacing such equipment as Bunsen burners, test tube racks,
test tubes and thermometers (see Figure 9). This happens through the imitation of such tools in digital
form by displaying them on the computer screen, with the advantage of allowing the student to control
them. Moreover, the students can work with confidently without risk. Thus, obstacles that may pose a
danger to students in some of the experiments may be removed. For example, in a lesson on natural

changes in matter, students need to heat a solid using a flame to convert it to a liquid state and then to a

gas state (see Figure 9).
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Figure 9. Model of experiment of “natural changes in matter” (Source: edumedia-sciences.com)

Also if the time and place are not suitable for the lesson objectives, such as moon phases lessons (see
Trundle and Bell, 2010), the simulation software can create the environment and help to achieve the
objectives desired from this lesson (see Figure 10)

Phases of Moon

View of the new moon in the seventh
day (first quarter) through simulation
software, which eliminates the need
to ask students to go outside at night.

Figure 10. Lesson of moon phases by computer simulation program

Time is a main obstacle to conducting scientific experiments or doing field trip. When a teacher wants
to conduct an experiment, he/she needs a great deal of time to prepare the components, substances, and
so forth, and distribute them on the bench; check his or her work before lessons and after finishing the
experiments, clean the components and return the tools to their storage place, the traditional role of the
teacher - the current situation in Kuwait in case the material is available - is dominant in conducting the
experiment in front of the students as a demonstration and the role of the students is only to notice the
results. Also there is insufficient time to repeat an experiment for the students who do not understand or
cannot see because of space limitations and student overcrowding. Abrahams and Millar (2008) suggest

that there is insufficient time after experiments are conducted to discuss the results with students and
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link the experiment with the main idea in the lesson. Therefore, the outcomes of practical work on the

students are positive in a hands-on sense, but poor in a “minds-on" scientific thinking sense.

By contrast, a click of a button in the simulation program on the computer screen can solve such
problems. In this way, computer simulation may eliminate the problem of redoing an experiment
several times for students in less than a minute. Moreover, the models of scientific experiments and
natural phenomena can be kept on small discs (i.e., CD-ROMs (Compact Discs, read-only-memory))
and can be easily distributed to students whatever their number, carried anywhere and started at any
time, because there is no need to be connected to the internet. Thus, ICSS program helps to overcome
the problem of limited time allotted for the lesson. With taking into account some limitation and risk in

overuse of using simulation which will mentions later in this chapter.

Learning is an active process in Piaget’s view (including physical action and mental processes) and
students should be involved and engaged in the educational process to construct knowledge. In science
education, practical work is considered an active learning method depending on hands-on activity
(House of Commons Science and Technology Committee [HCSTC], 2002). In addition to the
characteristics of ICSS as mention above, it is also distinct from other educational tools in that it
possesses interactive characteristics. This interactivity not only enables students to observe or listens in
order to reflect on what is introduced to them on the computer screen about scientific experiments or
natural phenomenon, interactivity also enables students to manipulate the variables of the experiment
or phenomenon. After the manipulation, computer simulation can then show the student the impact of

this manipulation, a feature named "immediate feedback."

Through this interaction between the student and the computer simulation software supported by
teacher scaffolding, the active learning desired by officials in MOE by science teachers can be

achieved.

Interactive computer simulations software can display the idea or concepts in scientific experiments or
natural phenomena in way that allows students to see details that cannot be seen or that are invisible
during experiments in a real science lab (Jaakkola & Nurmi, 2008), and with the opportunity for
students to manipulate the variables of the displayed experiments. This gives students the opportunity
to engage in active learning, where and when the simulation starts to display the topic desired to be
taught through the computer screen. The student then starts to retrieve prior knowledge or
preconceptions from long-term memory that relate to the topic displayed in front of him or her through

the computer screen, and this allows the students to make a comparison between what can be expected
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or predicted based on their previous experiences and the new scientific concepts and information
provided to them (through the simulation program). If their prior knowledge and preconceptions are
inconsistent with what they are presented as correct scientific concepts during the lesson, a cognitive
conflict will be created and the students will feel dissatisfied with their previous knowledge or
preconceptions, and thus they will feel the need to restructure, or change and correct their

misconceptions (see Jimoyiannis and Komis, 2001).

To ensure the success of using interactive computer simulation to achieve conceptual change through
teacher scaffolding, | adopt the conceptual change model proposed by Posner et al. (1982), in which
they pointed out that to achieve a change in student misconceptions, the new concept should have three

conditions or features: (a) intelligibility, (b) plausibility and (c) fruitfulness (see chapter two).

Interactive simulation software provides these conditions of the conceptual change model by showing
the desired new concepts to be taught in different forms through the computer screen (see Talib et al,
2005). As these forms may comprise of a mixture of words (as printed on the screen or spoken text)
and pictures (as dynamic graphics in the form of animations and video), or static graphics (photos,
maps, or illustrations) and these forms depend on the eyes and ears of students to sense them, therefore
the current study adopted the multimedia cognitive theory of multimedia learning (CTML) proposed by
Mayer (2009). CTML analyses how to use multimedia through combining words and pictures without
cognitive load occurring during the display of the interactive simulation software in science education.
For example, using dynamic picture plus printed words or the teacher speaking (sound) at the same

time leads to distraction of the student focus and attention (see Chapter 2).

In conclusion, both rationales (the conceptual change and the CTML) support using characteristics and
features of interactive computer simulation software to represent and modeling scientific experiments
and natural phenomena, whether they are dangerous or complex, in a simplified and clear way for
students. Also, the teacher should support this process by acting as a facilitator and guide by using
scaffolding (Jimoyiannis & Komis, 2001; Al-Enezy, 2009). All of these benefits formed my conviction
and encouraged me to use interactive computer simulation software as an education tool in the

intervention in current study.
4.3 Limitations and risks of using simulation software as a new intervention

Although there are many features and abilities of the ICSS program, many studies suggest that there is

a risk in overusing it as an alternative to the real laboratory as this can lead to undesirable educational
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impacts. Wellington (1985), for example, says that it is probable that using simulation programs may
cause flawed concepts instead of correcting them, such as a student believing, when using the
simulation software, that variables of any natural phenomenon or scientific process can be easily
controlled or manipulated and separated from each other. In fact, variables are not as easily controlled
as depicted in the simulation software, and using simulation requires teachers to control and change
some specific elements in the natural phenomena or scientific processes and neglect others in order to
focus on the desired elements to be learnt or taught. The students in Kuwait are not different than the
other students in the world, thus, the science teacher in Kuwait primary school should draw the

students’ attention to the following shortcomings:

A. What is shown and displayed in the simulation programs are only models of natural phenomena
or scientific experiments, and they differ from the real forms of these phenomena or

experiments, and thus are not perfect or ideal.

B. Models of natural phenomena and scientific experiments and operations displayed through
simulation concentrate on some specific factors and objectives related to them (i.e., scientific
phenomenon and experiments) in order to achieve the purposes of the lesson. There are other
factors that could affect this phenomenon or scientific experiment, but they may not be

necessary for students to learn at this stage.

Consequently, science teachers should caution students when using simulation software (Crook, 1994;
Steinberg, 2000; Couture, 2004) that the ICSS program which presents scientific experiments,

phenomena and events may have the following limitations:

1. Some experimental learning in a simulation occurs in a fundamentally different way
than it does in an authentic environment. Because there are some elements in the
experiment cannot be represented or modeling by simulation program and it could be

important elements and dangerous but its not scheduled to knowing it the primary stage.
2. Simulations can oversimplify systems that are very complex in nature or in reality.

3. Students do not always believe that the laws and principles that a simulation displays
will also apply in the real world (See also Wellington, 1985). This so a student do not be
thought that experience is easy to applied in reality word and then expose himself to

danger.
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Moreover, one of the disadvantages of using simulation programs is that students will be neglecting
training in using real lab tools, such as microscopes and anatomy tools, and they will lose their
knowledge of proper ways to use such equipment and how to take care of them.

Accordingly, these limitations above took into account by primary school science teachers in Kuwait
and pay attention to students who using the ICSS program about the simulation disadvantages during

the experiment in the current study.
4.4 Procedure of development and design of the interactive computer simulation software

In reviewing the literature, factors that have an effect on the use of simulation software was examined.
A number of factors could affect the application of simulation programs in educational theories, such as
Mayer’s CTML discussed in the theoretical chapter; practical factors may likewise affect the
application of simulation software on the ground. These practical factors consist of two parts: the first
part is related to material resources hardware such as computer, printer...etc and software such as
educational programs and the second part is related to preparing human resources development to deal

with this hardware and software such as skills development, computer literacy...etc.

Crosier, Cobb, & Wilson (2002) suggest successive considerations that are necessary in developing
computer software for education These are, firstly, the users and their experience using the information
and communication of technology (ICT) or technology program (efficiency of users), secondly, the
facilities and equipment available to apply the program (i.e., infrastructure) and finally the program
usability to achieve the aim. Using a similar approach, the current study adapted Crosier et al.’s
considerations into a five stage development process (see Figure 11):

1- Identify nature, characteristics and experiences of the user for simulation program
(whether students or science teachers in Kuwait primary schools).

2- Consider the facilities and equipment available in the primary schools (e.g., computer

laboratory, equipment of classrooms, data display, etc.).

3- Search for available simulation software that is suitable for the users’ characteristics and

facilities available in the primary schools.

4- Identify the scientific topics in the science curricula of the fifth grade, such topics can be

applied and modeled in the simulation program.

5- Evaluate the program to know and rectify points of weakness.
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Figure 11. Design and development steps of the interactive computer simulation software

Each stage will be described more in detail.

4.4.1 Identify the characteristics and nature of users

The first step was to identify the users of the ICSS program. This involve of understanding the
characteristics and nature of the users and design an appropriate ICSS based on their computer skills
and experiences. For generally, while designing the program - particularly for the primary stage - , it
was important to know if it is easy for the users to use a keyboard or mouse to manipulate variables or

control them.

In this study, there were two kinds of users: the first is fifth grade students in public school; and the

second is their science teachers.
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The targeted students were in age 10 to 11 years old. These would normally have approximately four
years of experience and formal education gained from the computer literacy curriculum in primary

schools that was introduced in 2004/2005. They typically would have computer skills, including:

Starting computers (i.e., turning them on and off)

Identifying computer keyboard functions

Being able to use a word-processing program and a painting program

Being able to create, save or print any document from the computer screen.

They had the same scientific content (syllabus) as in previous academic years. The students studied the
old syllabus textbook in first and second grade, and the new syllabus textbook since the 2008-2009
academic year. Thus, the users in both experiment groups had experience under the same educational

and computational.

Science teachers were the second group of users. The science teachers were similar in terms of
scientific certificates and teaching experience, and had skills in dealing with the computer through
obtained certification. All teachers have either an International Computer Driving License (ICDL) or
Certificate of Cambridge IT Skills, in accordance with the ministerial decree of the Ministry of
Education (number: 359/2002, dated 03/08/2002; and 2834/2004, dated 19/10/2004), which required all
teachers in Kuwait to have at least one of these certificates. Generally, acquiring the certificate requires
skills and appropriate knowledge of seven basic computer programs, including word-processing,
Microsoft Excel, Microsoft PowerPoint, and Internet browsers.

4.4.2 The facilities and equipment available (hardware)

The second step considered was the availability of facilities and equipment (i.e., computer specification
and location at the primary schools). Some of Kuwait’s primary schools were visited to check the
facilities and equipment and software available. Higgins et al. (1999) point out that ICT is suitable for
use in science curriculum in a variety ways, such as an experimental tool, for gathering and exploring

information, recording information and presenting ideas, and supporting basic concepts.

To achieve the above, 10 guidelines, which were created by Higgins, Packard, & Race (1999), were

adopted in this part. For example, of the 10 guidelines, teachers or researchers must (a) Find out what
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sort of hardware he/she has available. (b) Find out what sort of software he/she has available. (Higgins
et al, 1999, p.42-43).

After the meeting with the science teachers was finished, visits were made to some public primary
schools in the state of Kuwait to consider the facilities and equipment available in classrooms and

computer laboratories. The key points that were taken into account at this stage were:

- The computer laboratory design: The room should be designed especially as a computer lab,
to protect the equipment from damage. The data display must be visible to the user.

Furthermore, electrical extensions must be safe.

- Number of computers: It was thought that the number of computers available might affect

whether the computer simulation software would be used by individual students or groups.

- The location of computers: Whether the computer room or lab is far from the classroom or
located on a different floor. This would affect time consumed to move students.

- The number of printer machines, data display presentation equipment, electric conductive
points and light degrees.

- Computer specification: Brand, quality, sound cards and graphics capability input devices.

After the visits finished, it was discovered that all primary schools did not have computers or data
display facilities in the classroom, but there were computer laboratories. Access to the computer lab
was granted with a permit from the head of the Computer Learning Section (CLS), and was used to
teach students the basic skills of using a computer, as one lesson a week was provided for grades one to
three, and two lessons a week for grades four and five.

It is important to point out that the computer curriculum (i.e., computer literacy) was introduced in
primary schools in the 2004-2005 academic years. Notably, the primary schools in Kuwait are located
in very old buildings, and the cost to create new computer laboratories is quite high. For that reason,
the Ministry of Education converted some classrooms to computer labs. These labs had a number of
negatives, for example, large windows that allow dust inside the lab and damaged equipment, as well
as sunlight that creates a glare on the computer screen. Also, it was observed that the computers used
were old models. These factors were seen as limitations or extraneous variables (Borg, Gall, & Gall,

1993). Some of them were controlled through temporary measures during experimentation.
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4.4.3 Availability of interactive computer simulation software as an intervention program

The third step was seeking the appropriate simulation software for user characteristics that is also
convenient for the facilities and equipment which were available at the primary schools (i.e.,
hardware). For the most part, there was no Internet or local network between the science section and

the classrooms or the computer laboratory. School computers in teaching normally have version 2003.

There is no interactive simulation program at the time of this study for science teaching and learning
available in science sections at primary schools in Kuwait. Moreover, there were no Kuwaiti company
offering or providing simulation software in science education to students in primary school, whether
through the government or local commercial marketing. Thus, it was necessary to conduct this study
using international commercial companies to develop and create interactive computer simulation
software for teaching science. To achieve this, a contact was established within the international
commercial company named “eduMedia" ‘“www.edumedia-sciences.com” to develop and create the
ICSS for some of science topics (See Appendix 11). This company specializes in science lessons and is

characterized by the following:
- All simulation programs can be used offline, so Internet is not needed.
- Arabic language is available as the language in the software.
- Software can be used with other program, such as PowerPoint presentation.

- Possibility, ease and freedom of controlling the run and stop, and rerun and speed control of

science lesson simulations.
- Possibility of manipulate with the variables making the program interactive.

Bransford, Brown, & Cocking (1999) said ‘‘Interactivity [in computer instruction] makes it easy for
students to revisit specific parts of the environments [topic or lessons] to explore them more fully, to

test ideas, and to receive feedback™ (p.209).

The current study | did link between the simulation software with the Power-Point software to science
topics presentation, because by Power-Point software its ease of browsing and moving from topic to
topic for both teachers and students. To make the simulation program more interactive | adopted the
interaction model proposed by Evans and Sabry (2003) and applied this with PowerPoint (See Figure
12). This included three stages:
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1. Computer starts; present button or control to the student.
2. Student responses (engages); student presses button or uses control.

3. Computer gives feedback; presents new information or concept to the student.

First step; Initiation

n

Computer 7
simulation Second step; Response Student

software Third step; immediate

feedback

Science teacher, lesson design which includes:-
Lesson objectives
task specification to students
questions to measure what students actually learn

Figure 12. The three-way model applied to computer-initiated interactivity (Evans & Sabry, 2003)

Science textbooks for Grade 5 containing 13 chapters were divided into four units; therefore, the pages
were created using PowerPoint. The number of pages was 14, and each contained one chapter from the
science syllabus. Each chapter contained two to four lessons according to the science textbook

contents.

Each topic contained many photos related to a certain topic in science to enable students to click on the
pictures to displays the objectives, information and concepts of the subject on the computer screen.

On the right side of each page, there were two button functions for students. The first button used to
show and print worksheets and the second button to show the concepts behind the topic. In addition,
buttons in the program enabled students to run, stop, and click back or forward on dynamic images; and
helped the student provide feedback any time for any part of the process. Also, students can repeat the
lesson several times in a short time. A helpful section aided them in answering the worksheets (See

Figure 13 as example).

The school software in the schools that were visited was not compatible to running of the simulation
program (Windows version 2003). This problem was solved by contacting the Information and
Computer Centre (ICC) in the Ministry of Education (MOE) with a letter from the Assistant
Undersecretary for General Education in MOE, to ask them to facilitate the functions to implement of

the current study in the elementary schools selected for the study..
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4.4.4 Ascertain the topics to be taught through the interactive computer simulation software

The fourth step was started after selecting the ICSS and agreeing with the designer or programmer to
modify and determine some topics to be taught through the ICSS program. These should be consistent
with the Kuwait science curriculum for the primary stage (House of education, first edition 2009a,
2009b). Three topics were selected from the fifth grade science textbook. The reason for this was that
the simulation software was a new educational tool in the teaching process for both teachers and
students. Therefore when using it for the first time, science teachers and students may face problems in
the first lesson, so they have an opportunity to avoid these problems in the next lesson. The topics were

as follows:

1. Food chain (FC): This topic is taught as part of Energy in Ecosystems in Life Sciences

(see Figure 13)

The aim of this topic is that by the end of teaching this topic the students should be able to:

Explore the food chain

Classify some of the food web

Discover some of the reasons of the food web changes

Interpret the importance of saving the environment

Know the meaning of following concepts; food chain, predator, prey and food web
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Figure 13. Food Chain topic
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2. Circulation and digestive system (C&DS): This topic is taught as part of Digestive
System, Circulation System and Nervous System, under the second unit of Human

Body (see figure 14).
The aim of the digestive topic is that by the end of teaching this topic the students should:
- Cite the digestive function
- Discover digestive process steps

- Know the meaning of the following concepts: saliva, enzyme, esophagus and small intestine.

The aim of the circulation topic is that by the end of teaching this topic the students should:
- Designate parts and functions of blood,
- Define the three parts of the vascular system,
- ldentify the route of blood through the heart, and

- Know the meaning of the following concepts: plasma, red and white blood cells, platelets,

artery, vein and capillaries.
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Figure 14. Circulation and Digestive System topics

3. Electric circuit (EC): This topic this topic is taught as part of Electricity and Magnetism,
under the third unit of Physical Science (see Figure 15).

The aim of the circulation topic is that by the end of teaching this topic the students should:

Identify the path of the electric current
- Cite types of circuits (series circuit and parallel circuit)
- Discover how to use electricity safely

- Know the meaning of the following concepts; conductor, insulator, resistance, series circuit and
parallel circuit.
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Figure 15. Electrical Circuit topic
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According to the Curriculum Development Department (CDD) of the Ministry of Education, the
science syllabus has been revised as of 2009/2010 (See Appendix 2).

445 Evaluation phase

The fifth step was trailing the ICSS in order to investigate any difficulties teachers or Year five
students would have in using or dealing with it. For this, a pilot study was conducted at two primary

schools with two science teachers. From the pilot study, a list of points was taken into account, such as:

1- Appropriate use of computer keyboard or mouse

2

Clarity of scientific terminologies shown on the computer screen

3

Clarity of instruction on the screen (i.e., play, back, stop...etc.)

4

Ease of browsing

After finishing the pilot study, the feedback and observations were taken from the science teachers
who used the ICSS, and I took into account this feedback to make the ICSS more suitable for this study
(See the pilot in chapter methodology).

4.5 The Intervention

The simulation software was used in two learning environments (see figure 16). In both of learning
environments | attempt to create active learning through adoption of constructivism and scaffolding
method in science teaching and provide students with practical work and investigations through using

simulation software.

In first learning environment was teachers and students used interactive computer simulation software
in a computer laboratory (ICSS-L). The intention was to create blended learning, with a mixture of
teacher-centred (teacher talking to the class) and student-centred (student working on the computer)
teaching. 20 minutes was spent on each of these in lessons lasting 40 minutes. This will be referred to

as "using simulation in computer lab".

The second learning environment was teachers used interactive computer simulation software in a
classroom (ICSS-C). In this case, there was one computer only and a big screen that could be seen by
all students in classroom. The teacher was in control of the computer, but students were involved with
asking questions and had a say on what actions they wanted the teacher to take. This will be referred to

as "using simulation in classroom"
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Figure 16. The two different pedagogical environments used simulation software
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CHAPTER FIVE: METHODOLOGY OF STUDY

5.1 Introduction

This chapter presents the methodology used to investigate the impact and effectiveness of ICSS — as
intervention or treatment tool - in primary school science teaching in the State of Kuwait. Three main
dependent variables were addressed: students’ academic achievement in science; students’ conceptual

change; and students’ attitude toward science teaching and learning.
5.2 Study design

The study used a quasi-experimental design. The reason for this was that in a school it is rarely neither
practical nor feasible to assign samples randomly to treatments, where classes are formed at the start of
the academic year (Ross & Morrison, 2004). Many researchers have defined the term experiment.
Mosteller (1990), for example, suggests “in an experiment the investigator controls the application of
the treatment”. Yaremko, Harari, Harrison, & Lynn (1986, p.72) describe the experiment as where “one
or more independent variables are manipulated to observe their effects on one or more dependent
variables”. Finally, Shadish, Cook, & Campbel (2002, p.12) describe the experiment as “a study in
which an intervention is deliberately introduced [to] its effects”.

The quasi-experimental design allowed for the investigation of the impact and effectiveness of using
ICSS program in primary school to improve students’ academic achievement and attitudes. In addition,
the perspectives of students and science teachers toward science teaching and learning with use of
ICSS were taken into consideration. Leading on from this, the independent and dependent variables

were as follows:
A. The independent variables (V)

Using simulation program (i.e. ICSS) as a treatment to improve science education in two

different learning environments.
B. The dependent variables (DV):
- Students’ academic achievement

- Students’ conceptual change of selected concepts
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- Students’ attitudes toward teaching and learning science,

- Students’ and teachers’ perspective (opinion or impression) toward using ICSS as a program

and tool in teaching and learning science topics.

The study investigated two different ways of using ICSS in the teaching. Two experimental groups

were therefore designed.

In the first experimental group (Exgl) teachers and students used interactive computer simulation
software in a computer laboratory environment (ICSS-L). The intention was to create blended learning,
with a mixture of teacher-centred (teacher talking to the class) and student-centred (student working on
the computer) teaching. 20 minutes was spent on each of these in lessons lasting 40 minutes. This will
be referred to as "using simulation in computer lab". An outline of the classroom (computer laboratory)

is presented in figure 17.

The activities of the students in the control groups were as follows:

Control group (Cg): Teacher used traditional teaching method, without using computer or other

science. This will be referred to as "using traditional teaching”.
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Figure 17. The students’ distribution in simulation in computer lab group and traditional teaching
group

The second experimental group (Exg2) used interactive computer simulation software in a classroom
environment (ICSS-C). In this case, there was one computer only and a big screen that could be seen by
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all students in classroom. The teacher was in control of the computer, but students were involved with
asking questions and had a say on what actions they wanted the teacher to take. This will be referred to
as "using simulation in classroom”

The teacher in the control group used a traditional teaching method, without using computer or other

science equipment. This will be referred to as "using traditional teaching”. See figure 18

There were four classes in each of the experimental groups and different control groups were made to
match each of these (four classrooms with traditional teaching for each experimental group). Figures

17 & 18 illustrates experimental and control groups.
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Figure 18. The students’ distribution in simulation in classroom group and traditional teaching group

The design further included a series of pre- and post-tests to measure students’ knowledge, pre- and
post-questionnaires to measure attitudes, a usability questionnaire to students, interviews with teachers

and students and observations/self-reports from teachers. Figure 19 illustrates this design.
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The pre-tests were distributed to half of the classrooms in both the experimental and control groups
(see Figure 20). The reason for this was the short period between the pre- and post-tests, which may
give the pre-test a positive effect on the outcome of the post-test. According to the Solomon design
(Krathwohl,1998, p. 511), two schools (one male and the other female) in both experimental groups

took the pre-test and post-test and the others took just the post-test. After the intervention, the post-test

Figure 19. The current study design

Teachers
interviewed after

intervention

was distributed to all sixteen classes in experimental and control groups (Figure 20).

As explained in the previous chapter, three topics taught in this experiment included Food chain, the

Circulation & digestive system and Electric circuits. Pre- and post-testing was carried out separately for

each topic, and distributed before and immediately after the teaching.
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Design codes

Pre-test =01

Post-test = 02

Experimental group one = Exgl

Experimental group two = Exg2

Control group = Cg

Introduction of the independent variable ICSS = (X)

Exgl and Cg Exg2 and Cg

Pre-test
0O1

Pre-test
01

Post-test
2V Post-test
02 8 02
Exg2 X

Cg

Figure 20. Pre and post-test distribution for two experimental groups with control group

As for measuring the students’ attitude toward science teaching and learning, pre -and post-
questionnaires were used before teaching of the first topic and after teaching of the final topic. The
same questionnaire was used in both occasions. As noted in (Figure 19), the pre-questionnaire was
distributed to all students in all classrooms in all groups.

The usability questionnaire was distributed only to the students in the experimental groups (Exgl and
Exg2) to exam the suitability and ease of use of ICSS for science teaching and learning. it was handed

out after the teaching of the final topic.

In the end, a group of students were interviewed to examine their opinion and impression of the use of
the ICSS program in science teaching and learning. All teachers involved in the study were also

interviewed. All interviewed were carried out after the teaching of the last topic.

Teachers were asked to keep a ‘diary’ with observations and reflections made during the intervention.

They were asked to do this after each lesson.

5.3 Rationale for the design
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The rationale behind the design was, firstly, to have comparable and accurate measures of the effect of
the intervention, and secondly, to have authentic and rich data. Quantitative measures provided a base
to compare between groups of students in terms of improvement the knowledge, concepts and
understanding of topic (Chang, 2001; Frailich, Kesner, & Hofstein, 2009; Cepni, et al., 2006; Sun, et
al., 2008; Talib, et al., 2005). Educational studies in the ‘real world’, however, are complicated and
make it difficult to have high validity in quantitative measurements alone. The study, therefore,
combined the traditional (quasi) experimental design, using quantitative measures, with qualitative data
gathering. Patton (1990, p.14) suggests quantitative and qualitative methodology have different
advantages:

“The advantage of a quantitative approach is that it is possible to measure the reactions
of a great many people to a limited set of questions, thus facilitating comparison and
statistical aggregation of the data. This gives a broad, generalizable set of findings,
presented succinctly and parsimoniously. By contrast, qualitative methods typically
produce a wealth of detailed information [and can support the quantitative result] about a
much smaller number of people and cases. This increases understanding of the cases and
situation studied but reduces generalizability”

According to Bryman (2006) studies that are based on a combination of qualitative and quantitative
research are referred to as both ‘multi-method’ and ‘mixed-method’ designs. What is most important,

however, is the purpose of using a combination of method.

Most recently, Collins, Onwuegbuzie, & Sutton (2006, p. 76) identified the following four

justifications for conducting mixed research:

1- participant enrichment: e.g., mixing quantitative and qualitative research to optimize the

sample, using techniques that include recruiting participants, engaging in activities

2- instrument fidelity: e.g., appraising the appropriateness and utility of existing instruments,

creating new instruments, and monitoring the performance of participant instruments;
3- treatment integrity: i.e., assessing the fidelity of an intervention

4- Significance enhancement: e.g., facilitating the thickness and richness of data and improve the

interpretation and usefulness of the outcomes.
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Greene, Caracelli, & Grahaml (1989) suggest these purposes can be put in five categories:

triangulation, complementarity, development, initiation and expansion (see table 8 for an expansion on

these).

Table 8

Source: Greene, J. C., Caracelli, V. J., & Graham, W. F. (1989)

Purposes for mixed-method evaluation designs

Types of mix-
method

Purpose

Rational

Triangulation

Seeks convergence, corroboration,
correspondence of results from the different
methods

To increase the validity of constructs and
inquiry results by counteracting or
maximizing the heterogeneity of
irrelevant sources of variance attributable
especially to inherent method bias but
also to inquirer bias, bias of substantive
theory, biases of inquiry context.

Complementarity

Seeks elaboration, enhancement,

illustration, clarification of the results from
one method with the results from the other
method

To increase the interpretability,
meaningfulness, and validity of
constructs and inquiry results by both
capitalizing on inherent method strengths
and counteracting inherent biases in
methods and other sources.

Development

Seeks to use the results from one

method to help develop or inform the other
method, where development is broadly
construed to include sampling and
implementation, as well as measurement
decisions

To increase the validity of constructs and
inquiry results by capitalizing on inherent
method strengths.

Seeks the discovery of paradox and
contradiction, new perspectives of

To increase the breadth and depth of
inquiry results and interpretations by

Initiation frameworks, the recasting of questions or analyzing them from the different
results from one method with questions or perspectives of different methods and
results from the other method paradigms.
Seeks to extend the breadth and range of To increase the scope of inquiry by
Expansion inquiry by using different methods for selecting the methods most appropriate

different inquiry components

for multiple inquiry components.

The current study sought the two first of these.

Complementarity, which refers to use the quantitative and qualitative research paradigms combined in

order to more fully explain the results of analysis. in addition use the strengths of an additional method

to overcome weaknesses in another (Sale, Lohfeld, & Brazil, 2002).
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Denzin (1978) defines triangulation as “the combination of methodologies in the study of the same
phenomenon” (p.291). This combination commonly uses quantitative and qualitative methods, which
must be implemented at the same time and with equal weight (Creswell & Plano, 2007).

Jick (1979) suggest the following advantages and reasons why triangulation is important: (a) it allows
researchers to be more confident of their outcomes; (b) it motivates the development of creative ways
of gathering data; (c) it can lead to deeper, richer data; (d) it can lead to the synthesis or integration of

theories and (e) it can uncover contradictions.

In combination, Schutez, Chambless, & DeCulir (2004) and Greene et al. (1989) offer many reasons
why triangulation is important. For example, it provides corroboration and correspondence of results
from different methods. Triangulation allows researchers an opportunity to find compatible results
between these methods. What is needed is that one result has the same or a similar conclusion to other
results using different methods, and this lends credibility to the research study. Triangulation also
elaborates on and enhances the results from one method with the results from another method used in

the same phenomenon or study. Schutez et al. explain in the following way:

There are a variety of combinations and advantages to combining methods in this way. A
quantitative study may also employ a qualitative dimension to guide the sample selection or to
help explain unusual results. A qualitative study may implement a quantitative dimension to
guide sampling or help determine what to pursue in depth or to help generalize results to
different samples and test emerging theories. (2004, p. 277)

Moreover, the triangulation method helps to increase the interpretability, meaningfulness and validity
of constructs and inquiry results, both by capitalising on inherent method strengths and by
counteracting inherent biases in the methods and in other sources. Triangulation also makes it possible
to use the results from one method to revise those obtained from another. It is then possible to use the
results from one method to direct the development of a later stage of the research in sampling,
measurement, or both. Triangulation also makes it possible to use a combination of methods to increase
the potential of proposed claims and results in question, by means of utilising different method
strengths. It helps when questions are posed from one method and can be answered by another. In the
same way, a number of results from one method can be restated in light of another. Finally, certain
components of questions are better addressed through a certain method. Using a number of methods

increases the scope of inquiry if they are suitable for measuring multiple question components.
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The current study used triangulation by comparing results from qualitative and quantitative
instruments as illustrated in figure 21 Frailich, et al. (2007) indicated that “the diverse range of data
collected enabled triangulation of the results obtained from the conversations between the students

during the activities, the achievement tests, and the interviews with the students and teachers” (p.295).

[ Mix method with triangulation }
)
4 . . N
Students’ Academic Achievement
> pre/post-test (Quantitative) ’?g
N J g
: ——\ E
Students Attitude Questionnaire o
> (Quantitative) 3
N J %
( Students Usability Questionnaire ) E
> (Quantitative)
\§ J \ J

Figure 21. The research method of measurement tools to collect date in this study

5.4 Data gathering instruments

The study used the following data gathering tools

e Academic achievement test of each one of science topics selected; Pre-test and Post-test of

students’ academic achievement test.

e Questionnaire for students’ attitude toward science teaching and learning; pre and post

questionnaire.

e Questionnaire for students about the usability and usefulness of ICSS in science teaching and

learning, used after the experiment for students who were involved in experiment groups.

e Interview: students’ and science teachers’ perspectives of ICSS in two learning environments.

5.4.1 Achievement tests
123



Design knowledge and concepts pre-test and post-test. The science textbook for 5™ grade students was
revised in the academic year 2009/2010, and the Department Direction of Science did so with the
advice of experts with more than 12 years teaching experience in science. They created a Questions
Bank for the new science textbook and sent it to all primary schools in Kuwait to be of benefit to
science  teachers who added the exam results to the  Ministry  website

http://www.moe.edu.kw/sitepages/exam.aspx.

The items for the achievement test were selected from this questions bank, and were classified or
grouped into the three levels of the cognitive domain (knowledge, comprehension/conception, and

application) based on Bloom’s taxonomy (Ellington, et al., 1993, p.53).

Knowledge: These items emphasise remembering concepts. Elligton, et al. (1993) mention that Bloom
considered these the lowest level of cognitive objectives. So the learning outcomes in this domain

include:

Name parts of an object

Identify a component

State a definition

List causes of an effect

Comprehension: These items measured students’ understanding of ideas or concepts in science.
Elligton, et al. (1993) mention that this can be regarded as the simplest level of understanding activities

demonstration; learning outcomes in this domain include:

Select an example which demonstrates a phenomenon

Give reasons explaining an observation

Classify objects into categories

Translate word into symbolic expressions

Application: Items require students to apply acquired knowledge to an apropos or new situation, or
involved students applying existing knowledge to different situations. In this domain, Elligton, et al.

(1993) mentions this covers the links between theory and practice; examples include:
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- Perform a specified task

- Calculate a mathematical result

- Apply a given set of rules or procedures

- Predict the result of a proposed course of action

As described earlier, three tests were developed; one for each taught topic. Items in these tests were
organised into ‘testlets’ (which will be referred to as questions) with one to six items in the following

way. The three tests were:
a) Food chain test (FC) (four questions)
= First question: true or false items (4 items)

= Second question: Complete the following statements with the appropriate

scientific word (4 items)
= Third question: What do you expect to happen if? (2 items)
= Fourth question: Arrange food chain in ascending way (1 item)
The total number of items is 11 (see appendix 12).

b) Digestive and circulation system (D&CS): This test consisted of five questions as

follow;
= The first question true or false (6 items)

= Second question: Complete the following statements with the appropriate

scientific word (5 items)
= Third question: What do you expect to happen if? (2 items)

= Fourth question: Select scientifically correct answer for each of the following

statements (2 items)
= Fifth question: Write the names of digestive system parts (5 items)

The total number of items is 20 (see appendix 13).
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c) Electric circuit (EC): This test consisted of five questions as follow;

= The first question: Circle the correct answer to the situation of bulb (1 item)

Second question: Complete data on the following chart (5 items)

Third question: Complete the following statements with the appropriate

scientific word (4 items)

Fourth question: What do you expect to happen if? And why? (2 items)

Fourth Question: What is the correct status for current electric flow (1 item)
The total number of items is 13( see appendix 14).

In each of the three topics the same set of test questions for knowledge and concepts (i.e. same test use
for before and after) were conducted for pre-test for some groups in both experimental and control

groups and post-test for all groups as mentioned in the study design section.

For the conceptual change measurement questions for certain concepts were selected to compare the
performance of the students in the pre-test and post-test with regard to their ability to grasp the concept.
Some of these topics where students are known to have misconceptions.

5.4.2 Attitude questionnaire
Osborne, Simon, & Collins (2003) pointed out five methods to measure the attitude:

a) Subject preference studies: Asking students to rank their preference of school subjects,

to know the measure of student attitudes towards science as a subject.

b) Interest inventories: Asking students to choose the items that they are interested in from

a list.
c) Subject enrolment: The data collected on enrolments to subjects.
d) Qualitative methods: Using student interviews and focus group interviews.

e) Attitude scales: This is a common method of measuring attitudes. The students selected
one from a differential scale for the statements that reflect their attitude toward the

object. Likert scale items are the usually used in this kind of measure.
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The current study used the last of these options and made attitude scales from a closed questionnaire.

According to Cohen, Manion, & Morrison (2000) “closed questions prescribe the range of responses
from which the respondent may choose”. They mention that there are three kind or types of closed
questionnaires: (a) Dichotomous question, which is “yes” or “no” response; (b) Multiple-choice
question, where the variety of choices is designed to capture the likely range of responses to given
statements; and (c) Rating scales or a Likert scale (named after its deviser, Rensis Likert, 1932), which

provide a degree of responses to a given question or statement (Cohen, et al., 2000, p.248-254).

In general, closed questions (dichotomous, multiple-choice and rating scales) are quick to complete and
straightforward to code (e.g. for computer analysis), and do not discriminate unduly on the basis of
how articulate the respondents are (Wilson & McLean, 1994, p.21). The respondent may choose from a
list of definite answers. Asker, Jamea, alfara, & Hawana (2003, p.207) mention some of advantages of

this kind of questionnaire:
a) Easier for data analysis;
b) Reduce the number of individual non-respondents;
c) Lead to the elimination of inappropriate responses;
d) Facilitate the process of answering automatically by computer;
e) Low cost and rapid access to data required.

Oppenheim (1992) adds that this kind of question is useful for testing specific hypotheses, especially
where there is no extended writing. However, there are some of disadvantages in using close-ended
questionnaires. They do not often reveal the reasons that lead the respondent for selecting a certain
answer; and the answer in most cases does not provide sufficient or extensive information. This may
oblige respondents to adopt a definite attitude that has not crystallised in their mind yet and force them
to give responses that do not express their ideas (ibid, p.207-208). Therefore, this was the main reason

to adopt the interview method (mentioned below) in this study to overcome these issues.

In the current study, a close-ended questionnaire was used because it generates frequencies of response
amenable to statistical treatment and analysis. This enabled comparisons to be made across groups in
the sample.. Using a closed questionnaire, of course has some disadvantages compared to open-ended

questionnaires. The open-ended questionnaire allows the respondents to answer with complete freedom
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and in their own words without obliging them to choose a response, Therefore, Asker, et al. (2003)
point out that this type allows individuals to express their views and tendencies. It also allows them to
define and offer the reasons behind their responses (p.204). The main disadvantage, however, in this
type is the difficulties of data analysis, and sometimes difficulties of response reading from
respondents. In addition, the age of the participants in this study (fifth grade students) would have made
it difficulty to obtain information in open-ended questions. Their limited writing skills could give rise
to many errors in the expression of their perception addition, open-ended questions do not direct the

respondents, which may make them unintentionally omit important information (ibid, p.205)

According to Kind, et al. (2007, P.873) attitudes can be defined as “students’ feeling about an object
depend[ing] on his beliefs about that object”. In this study, the attitude objects were learning science at
school and participating in science in the future. For each of these, Likert scale items were developed
with statements and five response alternatives: strongly agree, agree, neither agree nor disagree,
disagree, strongly disagree. The questionnaire statements to measure these attitudes were adopted from
“developing attitudes towards science measures study” (Kind, et al., 2007). The attitude towards
science learning scale had 11 statements and the attitudes towards participating in science in the future
had six statements (See Appendix 15).

Because of the students’ age factor, the difficulty of reading questionnaire items and save time, asked
teachers to read the pre and post all questionnaires items for the students and the students’ answers of

each item.

5.4.3 Questionnaire for usability of simulation software

There are three common scales when measuring the usability if ICT software in a questionnaire:
usefulness, satisfaction and ease of use. Lund (2001) points out that these dimensions came to light
strongly to the improvement of the use of the questionnaire to new programme usability measure. Lund
also underlines that there are strong correlation between the measuring of usefulness and ease of use.
The current study used these scales and have been modified and reworded to be appropriate for the

purposes of the study. The usability questionnaire was divided into three scales which are:

e Students opinions about the program in general

e Simulation software usability, measure the students satisfaction in ease of using computer
simulation software itself; this was called program technical measure. The reason for this

measure was that this study contained new program or software innovation in teaching science,
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and this kind of measure helped to improve and develop it to be more useable in the future. This
was through the analyses of data which was gathered from the respondents. (Chin, Diehl, &
Norman, 1988; Kirakowski, 2000; Lund, 2001).

Simulation software usability in science education, measure the students satisfaction and extent
of benefit of using computer simulation software in understanding information and concepts of
science topics. In this way, the items for usefulness and satisfaction were related to the program
in science teaching and learning. This was called the benefit measure in teaching science from

the program (Sun, et al., 2009).

The usability questionnaire items have been validate by two software engineers in Kuwait (see validity

section)

The questionnaire was very simple because of the age of students (10 — 11 years old) as mentioned

above. It consisted of Likert-type scales, with five point response scales:

4.

5.

Strongly agree
Agree

Neither agree
Disagree

Strongly disagree (Sun, et al., 2009).

The questionnaire consisted of 32 statements or questions, distributed across two main sections; the

first was program usability measure (as program) and the second was to measure the influence

and benefit of the computer simulation software in using for science teaching (as tool in science

teaching and learning).

The first section usability measure contained two parts:

A) In the first part, it sought to measure the students’ satisfaction (as user) in using the computer

simulation software. In other words, student attitudes toward using the computer simulation

software program as tool. This part contains six statements or questions.

B) The second part measured the computer simulation software effectiveness (usefulness plus

ease for use) on the students’ perspective or opinions. This part contains 12 statements.
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The second section measured the influence and benefit of the program for teaching science and

contained 14 statements as follows:

A) The first part sought to measure the students’ satisfaction in using the interactive computer
simulation software for teaching and learning of science topics. This part contains six

statements or questions

B) The second part sought extent of ICSS usefulness in science teaching from students’

perspective or opinions. This part contains eight statements or questions (See Appendix 16).

The participants in simulation program usability questionnaire

The students that engaged in this questionnaire were all students in the both experimental groups, and it
was conducted after experimentation was completed (see Figure 19).

Also because the students’ age factor, the difficulty of reading questionnaire items and save time, asked
teachers to read the usability questionnaire for the students and the students’ answers of each item, as

same as in the student attitude questionnaire.

5.4.4 Teachers and students interview

An interview is a process in which a researcher and participant engage in a conversation focused on

questions related to a research study (Demarrais & Lapan, 2004, p.54).

The interview is a widely used method of data collection in educational research. Interviews are very
important and useful for getting the story behind a participant’s experiences. McNamara (1999) stated
that the interviewer can pursue in-depth information around the subject. Interviews may be useful as a
follow-up to certain respondents of questionnaires, e.g. to further investigate their responses
(McNamara, 1999). Anderson and Arsenault (1998) defined the interview as a specialised form of
communication between people for a specific purpose associated with some agreed subject matter.
Thus, the interview is a highly purposeful task, which goes beyond mere conversation (Anderson &
Arsenault, 1998, p.190).

Oppenheim (1992) points out that the interview requires interpersonal skills of a high order: (a) Putting
the respondent at ease and comfortable position; (b) Asking questions in an interested manner; (c)
Noting down the responses without upsetting the conversational flow; and (d) Giving support without

introducing bias (ibid, p.65).
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There are commonly three types of interviews: structured, semi-structured and unstructured (Cohen et
al., 2000). As the present study intended to gather information about science teachers and students’
experiences from the intervention the semi-structured interview was found most appropriate. In this,
the interviewer prepares a series of questions, generally open-ended, which are then posed to the
interviewees. He or she must have strong listening skills to be able to know how and when to follow up

with probes seeking further detail and description about what has been said (Roulston, 2010, p.14-15).
More specifically the aims of the interviews were

e To provide further information students’ attitudes towards and experiences with using ICSS in

the science teaching

e To investigate in more detail the science teachers’ experiences with using ICSS in the teaching

and to their observations of students’ motivation and learning.

Both sets of information provided a ground for triangulation with the information from the

questionnaires

The science teachers interviews were conducted before and after the intervention the simulation
software. Interview before experiment was aimed to know the personal information of science
teachers’, experiences, skills and their perspective of using ICT in education. Interview after
experiment was aimed to consider the science teachers observations of the students during and after
using ICSS in terms of students’ feelings; simulation influence on students understanding of the science
topics; usability of simulation for them in science teaching, external factors that affected on the
efficiency of the simulation program usability and teachers’ impressions of differences between using
the simulation program or the traditional method in teaching science. The interviewed acted for about

30 minutes for each science teacher.

According to students interview it was conducted after simulation intervention for two students from
each experimental group (n=16), were selected through the post-test outcomes (e.g. students who
received high scores in tests and some who received low scores). Interview time total for each student
was no more than 15 minutes. The aim of students interview to consider their tendencies toward
technological devices; their opinions on using simulation program in learning science and their
preferences between using a simulation program or traditional lab science for conducting scientific

experiments (See appendix 17 interview protocol).
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All science teachers and students were interviewed separately

Many factors influence the success of an interview (Asker, et al., 2003). Therefore, when conducting

the interviews was considered:

1. The interview situation, including the time, place and community attitudes. If the place and time
were suitable, and if the positive tendencies between the interviewer and the interviewee were

available, the interview would be successful.

2. The interviewer characteristics. There is no doubt that the success of the interview depends
greatly on the social skills that the researcher has, such as good reception, interaction with the
situation, the verbal and non-verbal interactions related to this, as well as the degree of his/her

reality regarding the topic of the interview.

3. The respondent characteristics. Such as the social characteristics that he/she has along with
his/her ability and desire to answer the questions addressed to him/her. Because the respondents
in this study are children (10 -11 years old) and Female teachers the shyness character expect

from them during the interview due to the society culture.

4. The content of the study, with all of the sensitivity and excitement in relation to the interviewee
and the difficulties in answering the questions. Therefore, some of respondent may have
reservations about its opinion about some questions, these reservations may creates due to lack
of confidence of interview confidential with interviewer, so to avoid this the interviewer should
informs the respondent importance of this study in order to develop the education process and

ensure the confidentiality of the interview.

The following (Figure 22) illustrates these factors
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Interview Situation

- Time

- Place

- Community attitudes

7'y
Interviewer Respondent
- Social characteristics < - Social characteristics
- Interviewing skills » - Ability to respond
- Motivation, Security etc. - Willingness to respond etc.
Study content /
- Sensitivity
- Difficulty

- Degree of interest
- Source of anxiety

FIGURE 22. Factors lead to the success of the interview
(Warwick, D.s Lininger,c. The sample survey: theory and practice, London McGraw hill book co.,1975,
p.184)

There were also other points that the interviewer needed to take into account in the construction of the
interview guide. What they wanted to talk about and how best to engage participants in these
conversations, all this must be clear on the interviewer mind. The interviewer considered the following

guidelines form DeMarrais & Lapan (2004) :

1. When the question is short and clear it leads to detailed responses from interviewee. It is mean;
a good focused question goes a long way toward encouraging the interviewee to present a

detailed narrative.

2. Questions that ask the interviewee to recall specific events or experiences in detail encourage

fuller narratives.

3. Fewer open-ended questions work better than a long series of closed-ended questions
(DeMarrais & Lapan, 2004. p.61-62).

From the above advice, a private room with private characteristics was requested from the school
manager; this was to avoid critics the science teacher maybe facing from colleague or head teachers
through the interview. In addition, a consent letter was sought from the science teacher and permission

was given for the audio-taping during the interview and this was an optional. This was for two main
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reasons the first was ethical, and the second was that the registration for the responses by audio-tape,
makes interviewer focus on the responses answers instead of writing answers by hand-written. But all

science teachers preferred that the interview not be recorded.
5.4.5 Teachers’ self-report

Three science lessons were taught (i.e. food chain (FC), circulatory and digestive systems (C&DS) and
electric circuit (EC)) due to the length of the period for application of the experiment in the current
study, which began 15 Oct 2010 and continued until April of 2011. Science teachers were asked to

write a report at the end of each lesson. They were asked to include their observations regarding:

1- Students’ feelings during the lesson using the ICSS program (happy, enjoyable, bored and

active)
2- Usability of the ICSS program (clear, easy. etc.)

3- External obstacles that affected the benefit of using the ICSS program properly (such as;

computer-problems, place, lighting, skills...etc)

The report had two aims. First, if any of the teachers faced any technical problems, I to try to overcome
them. Second, it uses to serve as documentation to discussion during the interview with teachers in the

end of the experiment.
5.5 Procedures for translating the measuring tools

The study was carried out in the State of Kuwait. The following steps were conducted to translate
instruments from English to Arabic correctly:

1. A professional translation company translated - subsidiary to Kuwait University - the

instruments (questionnaire and interview question) from English to Arabic.

2. The Arabic version of the instrument was attached to the original English version, and then sent
to the English Department in the College of Basic Education. A comparison was made of the
original English version of the instrument with the Arabic translation by the Kuwaiti professors,

which helped to identify any items in the Arabic version that might need revision.

3. Recommendations of the Kuwaiti professors were used to modify or eliminate any items.
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5.6 Method of data analysis

5.6.1 Analysis of quantitative data

The quantitative data was analysed using IBM SPSS Statistics version 19.0, and the significance level
was decided by taking p-values into consideration where p>0.05 meant there was not a meaningful

difference, and p<0.05 meant there was a statistically significant difference.

| started with uses the uses an independent samples t-test in SPSS for the total scores of pre-test for the
three topics (food chain topic (FC), circulation and digestive system topic (C&DS) and electrical circuit
(EC). Mean scores are compared between each experimental groups with control group and
b=compared between both experimental groups and between the two experimental groups in order to
measure that students in all groups were equal at the baseline.

With regard to the analysis of the students’ academic achievement results, the independent-samples T-
test was used for the post-test for comparing the extent of the effect of ICSS in the post-test of students’
academic achievement to the three topics separately, the reason of this that the simulation program as
intervention tool (or treatment tool) is new for both science teachers and students and the expected to
the test results of the second topic better than the first topic and the test result for the third topic better
than the second topic because getting used to use the program by both science teacher and student. The

post-test of students’ academic achievement analysis will be as follows:

- Comparing students’ outcomes (in post-test) between students who used simulation in the

computer lab (Exgl) and those who use traditional teaching (Cg)

- Comparing students’ outcomes (in post-test) between students who used simulation in the

classroom (Exg2) and those who used traditional teaching (Cg)

- Comparing students’ outcomes (in post-test) between students who used simulation in the

computer lab (Exgl) and those who used simulation in the classroom (Exg2)

Effect size (ES) was used to measure impact on measurement tools results which conducted before and
after between and within all groups in this study, Effect size is not an isolated test, but rather a
complement to previous significant statistics for the hypotheses, the significant statistic for hypothesis
(p-value) is not practically significant. Because p-value merely represents the probability that a finding
is due to chance, does not reveal the effect size. Therefore, the reason to use this test is to consider the

importance of findings aside from statistical significance (see Lecroy & Krysik, 2007).
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Coe (2002) defines the effect size test as quantifying the size of the difference between two groups,

experimental and control.
Akers (2001) defines the effect size testing as:

“Convey the magnitude of difference in standard units between the mean of the experimental group and
the mean of the control group. Used in conjunction with sample size, alpha level, and direction of the

statistical hypothesis to select a value for power.” (p. 332).

Callahan, & Reio (2006) in simple terms, defined an effect size test as the extent to which the objects

of study are different; it is the magnitude of the result the researcher observes in a sample.

There is semi-universal agreement that the reports of statistical procedures, such as null hypothesis
significance tests, should be accompanied by an appropriate measure of the magnitude of the effect
size, this was confirmed by Boguley (2009). In addition, the American Educational Research
Association (AERA, 2006) asks for empirical research that the effect size test is run for every essential
statistical result. This is also the stance advocated by Cohen, an expert in statistical power, who argued
that “the primary product [or result] of a research inquiry is one of measures of effect size, not p
values” (1988, p. 12).

There are many different types of effect size (Huberty, 2002; Lecroy & Krysik, 2007). Huberty (2002)

refers to three common types of effect size measures:
1. Effect size through the correlations between variables in a sample;
2. Effect size through standardised difference between the means of two groups; and
3. Effect size through the group overlap; the distributions of two compared groups overlap.

In the current study, the standardised difference between the means of two groups was used for effect

size result.

According to Baguley (2009), the standardised mean difference includes two scales: Cohen’s d and
Hedge’s g. This study used Cohen’s d, which used a formula i.e., the difference between the mean
value for two groups; M1 — M2 (e.g. experimental and control) divided by an estimate of the
population standard deviation (Sd1 + Sd2/2). To get an accurate result estimate of standard deviation,

the pooled standard deviation used was better than using only standard deviation (Coe, 2004).
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As the effect size in standardised mean difference indicates the magnitude of treatment affect (or the
significant statistic for the p-value), Cohen (1988, p. 25) provided d. values for effect size in

standardized mean difference. These are:
e Small effect d=0.2
e Medium effect d=0.5
e Large effect d=0.8
In the current study, the effect size for standardized mean difference is conducted as follows:
A Between groups, the effect size of the post-test results of students’ academic achievement:

- Between simulation in the computer lab group (Exgl) and the traditional teaching group (Cg);

and

- Between simulation in the classroom (Exg2) and the traditional teaching group (Cg).

B. Within groups, the effect size of the pre-test versus post-test results of students’ academic

achievement was evaluated as follows:

- Within simulation in the computer lab group (Exgl) versus the traditional teaching group (Cg);

separately for each lesson
- Within simulation in the classroom (Exg2) versus the traditional teaching group (Cg).

With regard to analysis of students’ understanding of the objectives of the lesson, the pre- and post-test
test score was divided into four levels of understanding (low, medium, good and very good) according
to science teachers’ categorisation - i.e. teacher test correction. Then, students’ test scores were
distributed across the four levels of understanding. Frequency and percentage table was used to
compare the distribution of students in each level of understanding, using pre- and post-test scores for

each experimental (Exgl & Exg2) separately and comparing with control group.

For conceptual change, questions for certain concepts were selected to compare the performance of the
students in the pre-test and post-test with regard to their ability to grasp the concept. Some of these

topics were topics where students are known to have misconceptions

With regard to the usability questionnaire, the Likert-scale was evaluated (Strongly Agree = 5, Agree=
4, Neither Agree nor Disagree = 3, Disagree = 2, Strongly Disagree = 1) and then, the frequency and
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percentage table was produced for each item on the questionnaire. The aim was to calculate the mean
(average) of each item and compare the value of the item to the cut-off values shown in the table. This
served as data verification for each item as follows: if the item mean (or average) was between 5 and 4,
the students’ responses were very positive on this item, and if the item mean was between 3.99 and 3,
the students’ responses were positive, and from 2.99 to 2 negative, and finally from1.99 to 1 is very

negative.
5.6.2 Analysis of qualitative data

The qualitative measurement tool in this study was the interview. Analysis means interpreting the
information provided by the informant and relating it to the main objectives of the study. All the
science teachers refused to use tape recorders; thus, information was gathered by writing notes

manually (i.e. hand-written notes) instead of tape-recording.

Science teacher interviews were conducted in two parts; First interview was before simulation
intervention started - the aim to request the personal information of science teachers, in addition to their
attitude in general toward ICT in education. Second interview was conducted after finished for the
experimental - i.e. after finished of simulation intervention - the aim was to explore teachers’
impressions and opinions of the use of the ICSS program in science teaching. The interview for each

teacher lasted for nearly, but- not more than - 30 minutes.

While the students’ interviews were held in a meeting room of the school, and recording was not used
in order to allow students to talk freely. These interviews aim to examine their post-test scores and their
responses to questionnaires — i.e. their attitude toward science and simulation program usability in
science teaching and learning - by asking how and why, as open questions, and observing the students’
gesticulations is very important during the interview for analysis. School management provided the
phone numbers of parents to make them familiar with this issue and to help parents trust to the
interviewer and allow an interview with their children to learn their opinions about the usage of the

simulation program. The interview would not be more than 15 minutes in length.

To conduct the interview analysis, | started with identifying desired topics from the interview; an
example being teachers’ trends and opinions about benefits of ICT in the education process in general
and for science education in particular; students’ feelings while using ICSS according to their
observations during lessons. And for the students’ interview themes: student trends in technology, their

opinion of the ICSS program in regard to usage as both a user and as an educational tool for lesson
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display. Then after I finished the interview, | read the interviews several times to write down any
impressions from the data that may be relevant to each topic or theme, and which may be useful later
was conducted. After that distribution of responses for both science teachers and students under each
topic or theme has been conducted. Finally, the responses for both science teachers and students were
shown using the narrative (transcript) method under each topic or theme, taking into account the need
to show the participant responses in a coherent and sequential form to achieve the objective of the

interview.

5.7 Population and sample of the study

The target population for the current study was students of public primary schools Grade 5 (10 -11 old

years) in the State of Kuwait.

According to the latest Education Statistical Group from the Ministry of Education (ESG of MON,
2008-2009), the number of public primary schools distribution in six education districts was 249 and
the number of Grade 5 students was 26,192, distributed in 1,141 classrooms (See Table 9).

Table 9
Ministry Of Education: Planning Sector and Information Technology, Planning Department Monitoring

the Follow-Up Environmental Variables -Educational
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The State of Kuwait is characterised as small geographically, at 17,818 square kilometres or
approximately seven thousand (7000 Msq) square miles, and the majority of the Kuwaiti population is
concentrated in Kuwait City and its suburbs, especially in areas adjacent to the coast of the Arabian
Gulf. Therefore, the area inhabited is just 8% per cent of the total area of the State of Kuwait. In the

other word, 98.3% per cent of Kuwait’s population live in cities (see Figure 23).
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Figure 23. State of Kuwait map

The socioeconomic conditions of the population in the State of Kuwait is mostly the same in each
district, therefore, the standard of living for the students (male and female) is also same, making sample

choice easier for the research

5.7.1 Sample selection from the population of the study

The students (male and female) in Kuwait - in all educational stages - are distributed in six education
districts which are; Al-Ahmade; Al-Farwaniya; Al-Jahra; Hawalli; Al-Asema; and finally Mubarak

Al-Kabeer. and as mentioned above all socioeconomic conditions of the students in all education
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districts are in majority the same. The order of numbers is respectively from the most to least: (1) Al-
Ahmade 23.3%; (2) Al-Farwaniya 21%; (3) Al-Jahra 17.4%; (4) Hawalli 14.7%; (5) Al-Asema 13.6%;
and finally (6) Mubarak Al-Kabeer 10.1% (See Figure 24).

Percentage distribution of primary school Student distributionin six districts

students Grade 5 in the Education Districts m Al-Ahmade (Grades)
m Al-Ahmade (Grade 5)
B Al-Farwaniya {Grade5)
W Al-Farwaniya (Grade 5)
m Al-Asema (Grade5)

m Al-Asema (Grade 5)
W Al-Jahra {Grade5)

m Allahra (Grade 5) m Hawalli {Grade5)

m Hawalli (Grade 5) B Mubarak Al-Kabeer

(Grade5)
m iubarak Al-Kabeer (Grade 5)

Students in percentage Total of Students by numbers

Figure 24. Total of student by numbers and students in percentages
There are several types of probability samples (Asker, et al., 2003; Krathwohl, 1998), including:

A) Simple random sample

B) Systematic random sample
C) Cluster sample

D) Stratified sample

E) Non- random samples

This study adopted and used the cluster sampling which considered as a random sample, but used
makes if the population is very big, and advantage of cluster sampling saved time, cost and
implementation procedures (Asker et al, 2003). Hence, eight primary schools randomly according to
the distribution of students in the education districts. The eight primary schools were divided into four
male primary schools and four female primary schools. In each school (from the eight primary schools)
two classrooms for fifth grade students were selected, one's classroom represents the control group and
the other represents the experimental group across eight primary schools in different Kuwaiti

educational districts (see figure 25).
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Figure 25. State of Kuwait map and the distribution of educational districts

As mentioned earlier, this study contains two experimental groups (Exgl and Exg2) (See Figure 17 &
18). Therefore, the eight primary schools were divided randomly in two experimental groups (Exgl and
Exg2), each group contained four primary schools (two male and two female schools), and each school
included two classrooms one experimental group and one control group, and were distributed as

following:

. Experimental group 1

These included two males and two females’ schools. Each school had one experimental group (Exgl)
and one control group (Cgl), with one science teacher teaching both groups (total 4 science teachers
see table 10). Thus, the total of number was four classes as experimental group (Exgl) and four classes
as control group (Cgl). The students who were involved in the experimental group in these schools
used ICSS in the computer lab (or computer room) with blended learning (mixture method). Numbers

are shown in table 11.
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Table 10
The Professional Information for Participant Science Teachers Who Used Simulation in the Computer
Lab

Place of Science Teachin Teacher Usine i Obtained
N . ¢ teacher  Nationality . & lificati comput.er n ICDL
experimen name experience qualifications teaching
1 Amirah KW 8 Bachelor Rare All of them
2 Use Asraa KW 10 Bachelor Rar have
simulation in chelo e International
3 Marwa Egy 8 Bachelor No computer
Computer lab driving license
4 Elham Egy 13 Bachelor No (IcDL)
Note. KW= State of Kuwait, Egy= Arab Republic of Egypt (anonymous names for teachers)
Table 11

The Students Sample for Simulation in computer lab (Exg1) and Traditional Teaching (Cg1)
Simulation in computer

Type of groups Traditional teaching (Cgl)

Lab (Exgl)
s3e3 “AE 29 27
% % % %9 Sg]/?:OI 19 20
Fgsg Sgool 23 24
Total 2L 15 2L
Note. F= Female, M= Male
° Experimental group 2

These included two males and two females’ schools. Each school had one experimental group (Exg2)
and one control group (Cg2), with one science teacher teaching both groups (total 4 science teachers
see table 12). Thus, the total of number was four classes as experimental group (Exg2) and four classes
as control group (Cg2). The students who were involved in the experimental group in these schools
used the ICSS in the classroom with the science teacher using a laptop and data-projector. Numbers are

shown in table 13.
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Table 12

The Professional Information for Participant Science Teachers Who Used Simulation in the Computer

Lab
Place of Science Teachin Teacher Usine i Obtained
N R teacher Nationality . & P AT ]
experiment experience qualifications teaching ICDL
name .
5 Madeha KW 10 Bachelor No All of them
Use ) have
6 Suaa’d KW Bachelor Rare International
; simulation in Avdah £ 9 Bachel N computer
yda gy achelor o
classroom driving license
8 Nohad Egy 14 Bachelor No (IcDL)

Note. KW= State of Kuwait, Egy= Arab Republic of Egypt (anonymous names for teachers)

Table 13
The Students Sample for Simulation In Classroom (Exg2) And Traditional Teaching (Cg2)

Simulation in classroom Traditional teaching

Type of groups

(Exg2) (Cg2)
. %g : S‘i‘/oFo' 29 28
E% 58 Sg/',‘\)/‘l)' 17 18
Total = 183 =

Note. F= Female, M= Male

5.8 Reflection on reliability and validity

The current study, similar to other studies in the educational field, uses the different instruments of
measurement, such as academic achievement tests and questionnaires. While the purpose of these tests
is to provide set of motivators for the examined (i.e., participants) aiming for quantitative responses, on
which judgment on a person or a group is depends on these responses. Therefore, the tests are designed
to describe and measure a specific thing. For example, to measuring improvement level in
understanding and comprehension by the students after being applied by an experiment for pretest and
post — test to measure students understanding improvement, not improve their writing (Asker 2003,
Cohen 2000)
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Therefore, the measurement instruments must be assured that they are achieving its objective of use in

the study and test validity and test reliability shall be tested.

5.8.1 Validity

Fraenkel & Wallen (2008) suggest that the validity is defined as “the appropriateness, meaningfulness
and usefulness of the specific inferences researchers make based on the data they collect” (p. 153).
Thus, test validity mean is extent of the test ability to measure its scope of design. According to Asker,
et al. (2003) there are many types of validity, for example, face validity, content validity, internal
validity and validity of assessors (or trustees) (p.239). The current study adopted the validity of

trustees.

The achievement tests for all topics which have been included in the current study selected from the
questions bank which prepared by experts science teachers at MOE, therefore it were already had a
validity certified and documented through the administration of the overall direction of science at

http://www.moe.edu.kw.

Moreover, the research pre and post tests were validated by an expert panel consisting of three
experienced teachers and two science education researchers. Where a letter was sent to them contained
a copy of two of measurement tools (academic achievement test and students attitude questionnaire),
the research questions, and the aim of the current study to arbitrators (See Appendix 18). It asked them
to check all the measurements tools which were used in this study. The measurement tools were
introduced to three experts of science teachers and two science education researchers to check if these
measurement tools (academic achievement test and questionnaires) were appropriate for the aim of the
current study. They were asked in particular to look at the following:-

1. If the questions were compatible with the science topics of the syllabus for the science
textbook in 5th grade.

2. If the questions were well phrased and clear.

3. If the questions had a variety of difficulty levels between easy, medium and hard and took

into account individual differences among students.

4. If the questions covered the full range of levels in  Bloom taxonomy (Bloom, Engelhart,
Furst, Hill, & Krathwohl, 1956).
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Feedback and comments were taken into account and used to improve the instruments.

The usability questionnaire was sent to two experts of software engineers in Kuwait, who checked if

the questions were appropriate to the purpose of the survey

The ICSS program was validated through a pilot study and has been presented to expert science
teachers to make sure that it consistent with the curriculum objectives for the teaching.

58.2 Reliability

According to Cohen et al (2000), reliability is a test of accuracy and consistency. The test should give
the same results if it is used several times in the same condition. For example, if a person obtain a
specific mark and he, then is subject to a similar test or the same test again, he should obtain the same
or close to the same mark. There are many methods to obtain test reliability such as test — retest
method, alternate — forms method, and split half method (Asker, et al, 2003). The current study used
the Statistical Package for the Social Sciences (SPSS) program to test the reliability of academic
achievement test, students’ attitude questionnaire and usability of ICSS program.

The results are presented in Tables 14 and 15 showing Cronbach’s alpha and a number of items.

e Achievement test

There were three science topics achievement test. Food chain (FC); circulatory and digestive systems
(C&DS) and electric circuit (EC) The total number of question were 14 includes all topics (see table
14).

As shown in Table 14, Cronbach’s alphas of the pre-test questions for the whole sample for the pre-
test, gave a Cronbach’s alpha value of 0.698. This is commonly regarded as sufficiently high reliability
in a low-stake testing.

For the post-test, the Cronbach’s alphas for the whole sample for the post test gave a Cronbach’s alpha
value of 0.787. This again is sufficiently high to conclude that the test questions were reliable.
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Table 14
Cronbach’s Alpha for Pre and Post- Achievement Test

Group type (experimental
or control)
Simulation in computer lab
(Exgl)

Simulation in classroom 0.698 14
(Exg2)

Traditional teaching (Cg)

Simulation in computer lab

(Exgl)

Simulation in classroom 0.787 14
(Exg2)

Traditional teaching (Cg)

Test Cronbach's Alpha N of Items

Pre test

Post test

e Attitude toward science questionnaire

There were 11 items in the questionnaire that solicited information on the attitudes of students towards
learning science at school and 6 items asking about studying science in the future. Cronbach alpha
values for the pre-attitude questionnaires for learning science at school and studying science in the
future were 0.797 and 0.788 respectively. For the post-attitude questionnaires the similar values were
0.774 and 0.788 respectively.. These values suggest the questionnaire were reliable for assessing the
attitude of the students towards the learning science at school and learning science in future. See Table
15 for details.

. Usability questionnaire

There were 32 items in the questionnaire that solicited information of the perception of the usability of
computer simulation programs, divided into six items asking the students’ opinion about the program,
12 items asking about experiences with using the program and finally 14 items asking about learning
science from the program. The Cronbach’s alphas were 0.796 for the first scale, 0.730 for the second
and 0.741 the last. Including all 32 items into one scale had Cronbach’s alpha 0.844. This is sufficiently
high to conclude that the questionnaire was suitable for assessing the usability of the computer
simulation programs as learning tools. See Table 15 for details.
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Table 15

Cronbach’s Alpha of Attitude Questionnaire and Usability of Computer Simulation Program

Questionnaire
Cronbach’s Number  Cromnbach’s Number
Instruments Alpha of items Alpha of items
learning science at
Pre Attitude school 0.797 11 0871 17
Questionnaire studying science in '
0.778 6
the future
learning science at
Post Attitude school 0.774 11 0.859 17
Questionnaire studying science in '
0.788 6
the future
opinion about the
Usability of program 0.796 6
Computer experiences with
Simulation using the program 0.730 12 0.844 32
Programs learning science 0.741 14

from the program

5.9 Ethical consideration

According to Cohen et al (2000), educational research using should consider protecting and respecting

individuals.

The current study occurred outside the United Kingdom (UK) in the State of Kuwait but the researcher

adhered to the same ethical standards as research in the UK (British Educational Research Association

(BERA), 2011). The sets of guidelines were under the following themes:

e Responsibilities to Participants, such as concern to; voluntary informed consent; privacy;

detriment arising from participation in research; children, vulnerable young people and

vulnerable adults; right to withdraw; and openness and disclosure.

e Responsibilities to Sponsors of Research, such as methods and publication.

e Responsibilities to the Community of Educational Researchers, such as misconduct and

authorship.

e Responsibilities to Educational Professionals, Policy Makers and the General Public, such as

publicising the results and communicating their findings, and the practical significance of their
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research, in a clear, straightforward fashion and in language judged appropriate for the intended

audience.
Thus, before the experiment was carried out, the following procedure was followed:

1. Supervisor at Durham University, United Kingdom, issued a letter stating the aim of the study,
time for data gathering and the level of participating schools (See Appendix 19). This letter was
sent to the Kuwait Cultural office in London. The Kuwait Cultural office issued another letter
which was addressed to the PhD student sponsor of The Public Authority for Applied Education
and Training (PAAET). Then PAAET was sent the letter to the College of Basic Education, at
the Kuwait Cultural office in London to approve the experiment in Kuwait (See Appendix 20).

2. Based on the supervisor’s letter, the Dean of the College of Basic Education sent another letter
to Assistant Undersecretary for General Education in the Ministry of Education asking for
permission to enter the primary schools and apply the experimental method in Grade 5 for the

science subject (See Appendix 21).

3. The Assistant Undersecretary for General Education in the Ministry of Education sent these
letters to the General Supervisor of Science. The General Supervisor of Science requested
information about: What the researcher wanted to do? What kind of tools (program) the
researcher would be using in the study? Would the experiment conflict with the academic
annual plan for the science syllabus? To answer these questions, a meeting was arranged
between the General Supervisor of Science and the researcher. After extensive debate, answers
were arrived at. As well as this, a form was presented that stated that the researcher would keep
all papers confidential and take note of the ethical issue in educational research. Following

Cohen, et al. (2000) the researcher took into account:
- The participants’ consent to participate freely and with conviction.

- Their right and freedom to withdraw at any time or not to complete particular items in

the questionnaire.

- The benefit they may get from the research, the guarantees that the research will cause

them no harm.

The guarantees of confidentiality; and the anonymity and non-traceability of the

research).
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- Punctuality of measurement tools as well as the time of the interviews.

After that, the General Supervisor of Science sent his approval to the Assistant Undersecretary

for General Education (See Appendix 22).

Based on the General Supervisor of Science’s approval to conduct the experiment, the final step
was that the Assistant Undersecretary for General Education sent a letter to all the directors of
general education in the six districts in State of Kuwait (Al-Asema, Hawalli, Al-Farwaniya, Al-
Jahra- Al-Ahmade and Mubarak Al-Kabeer ), to ask them to facilitate the functions of the
researcher in the elementary schools for students of Grade 5 in the science subject (See
Appendix 22).

. As mentioned previously, the computer lab is monitored by the Computer Department and not
the Science Department. Therefore, it was necessary to send a letter to them to ask permission
for the science teachers to use the computer laboratory for this study. Agreement was given
from the heads of computer department in eight primary schools, and the science teachers

coordinated with computer teachers at least two days before experimentation.

. To solve the problem of computer software, as was mentioned in above paragraph (4.3.1.1.2),
an update from Windows 2003 to Windows 2007 was needed, to run the ICSS. A meeting with
the Administrator in the Information and Computer Centre (ICC) in the Ministry of Education
was conducted, to inform them of the specifications of the ICSS and the need to change the
software in the computer laboratory from Windows 2003 to Windows 2007. In addition, to add
some software (e.g. sound card) to run ICSS. The approval was given after the researcher
presented the aims of the study and its contribution developing methods of teaching science. A
technician was sent to the eight primary schools to download all the software needed for the

current study.

5.10 Pilot study

A pilot study was conducted to assess the intervention software and measurement instruments used in

the study.

First of all, the ICSS was presented to a class of fifth grade students in two primary schools to

investigate any difficulties in using or dealing with it. The first chapter in the fifth grade science
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textbook “Flowers Structure and Function” lesson (3) which questioned “How does the flower
reproduce the seeds and fruits?”” was used to investigate the appropriateness and clearness of the ICSS
program. A guide was gave to the teachers to know how to run and deal the simulation program and
ask them to give feedback if there is any points unclear (See appendix 23, 24 and 25). For example, the
appropriate use of computer keyboard or mouse, clarity of scientific terminologies shown on the
screen, clarity of instruction on the screen (i.e. play, back, stop...etc.), ability and ease of browsing, etc.
The student feedback and observations regarding the clarity of the ICSS program, using keyboards and
the colours were all recorded to improve the implementation of the program for the real experiment. As
well as that, a questionnaire of students’ attitude was distributed before and after to assess the clarity of
statements (items) for student’s attitude toward learning a science subject. Also, after using the
program, the questionnaire was distributed to measuring the clarity of statements (items) which look
for their attitude toward using and the usefulness of simulation program. Cohen, et al. (2000)

emphasised that piloting is very important for the questionnaire in refining its contents (p.129).

The students’ notes regarding the clarity and simplicity of the questionnaire items were all recorded.

The pilot study revealed 15 minutes was sufficient to fill in the questionnaire.
5.11 Organisation and implementation of the research
5.11.1 Research groups

In this paragraph, the organisation of the implementation for the two experimental groups (Exgl &

Exg2) and control group is presented.

The current study used two experimental groups and two control groups. The first, experimental group
(Exgl) used ICSS in a computer lab with blended learning method (i.e. mix-method; teacher-centred
approach and student-centred approach). It consisted of four classrooms (two males and two females).
The control groups (Cgl) consisted of four classrooms (two males and two females). As | mentioned

before the first experimental group will refer to "Using simulation in the computer lab™.

The second experimental group used ICSS in the classroom through the group instruction method; the
science teacher used the ICSS program by himself or solo and it consisted of four classrooms (two
males and two females). The control groups (Cg2) consisted of four classrooms (two males and two
females). As | mentioned before the second experimental group will refer to "Using simulation in the

classroom".

151



In each experimental group teachers were asked to pay attention to students about the simulation
disadvantages and risk between the experiments in reality and simulate during the experiment in the

current study which mentioned in previous chapter.
5.11.2 Implementation of using simulation in computer lab

This experimental comparison study was conducted during the academic year 2010-2011 at public

primary schools in the State of Kuwait.

In the first experimental group (Exgl) (see figure 17) , ICSS was used in the computer laboratory with
the blended learning method and ask to science teacher to change the teaching method from traditional
to constructivism at the computer lab (see table 1 in the chapter two); for example, the science teacher
in one primary school teaching two science classrooms, the first classroom as experimental group in the
computer laboratory where the science teacher and students use the program respectively in lab. The
teacher would explain the topic using the ICSS in 20 minutes of time followed by 20 minutes of a self-
study with the worksheet and science textbook. This approach is called the blended learning method
and combines the teacher-centred approach in group instruction method (or whole class) and the
student-centred approach in individual learning method. The role of the teacher was as a facilitator,
guide, co-coordinator, and observer during the second half of the lesson. In the second classroom, the
same teacher teaching the students used the traditional method. This was conducted in four schools

(two males and two females).

One week before the intervention, the pre-test and pre-attitude questionnaire was distributed to students
in both groups. And then, one week after completion of the topic explanation, the same test and
questionnaire was distributed as a post-test and post-attitude questionnaire for all students. This

procedure applied for all three topics that were selected for this study (See figure 19).

The usability questionnaire was conducted just for the students who were involved in the experimental
group (i.e. who used interactive computer simulation) at the end of the taught topics (i.e. in the end of

the experimental).
5.11.3 Implementation of using simulation in classroom

This experiment (see figure 18) comparison for group study was conducted during the academic year

2010-2011 at public primary schools in the State of Kuwait (Synchronized with the first experimental
group (Exgl)).
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For example, the ICSS used in the classroom through the science teacher only was used as an
instructional tool for teaching and learning science and to help the teacher to explain and illustrate the
science topics (i.e. teacher-centred approach supporting of simulation software). And the students used
the worksheet and textbook; students could also use the program during the lesson if there was enough

time.

The procedures of the pre/post-test, pre/post-attitude questionnaire and usability questionnaire in

experimental group two (Exg2) were the same as done in experimental group one (Exgl).
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CHAPTER SIX: RESULTS AND DATA ANALYSIS

6.1 Introduction

This chapter presents data analysis. It starts with the number of students who attended research groups
(Exgl, Exg2 and Cg) followed by a normality test to decide which kind of test to be used in SPSS (i.e.,
parametric or non-parametric) it then compares test groups at the baseline (pre-test) of the intervention
study. Thereafter, data presentation and analysis follow the research questions. The first three research
questions relate to the effectiveness of the simulation program in improving students’ academic

achievement:
- Effect of using simulation in the computer lab (Exgl) versus traditional teaching method (Cg);
- Effect of using simulation in the classroom (Exg2) versus traditional teaching method (Cg); and

- Effect of using simulation in the computer lab (Exgl) versus using simulation in the classroom
(Exg2).

Answering these questions will include both hypothesis testing to see if there are significant differences

between the groups and analysis of effect sizes to see how big the differences are.

The fourth question is about the effects of using a simulation program on students’ conceptual
understanding of specific concept. This is investigated by comparing pre and post-test answers for each
experimental group (Exgl & Exg2) versus pre and post-test answers for the control group (Cg) on

specific questions

The fifth question is about students’ attitude toward science teaching and learning and will be analysed
through the questionnaires that were distributed to the students in the two experimental groups and the
control group, to compare between each experimental group (Exgl and Exg2) versus control group
(Cgl and Cg2). As well as compared between students who were in first experimental group (Exgl)
and students who were in second (Exg2) experimental groups

The sixth research question will be analysed with regard to the students’ opinions of and experiences
with science teaching using ICSS through the usability questionnaire and by interviewing of some of

students.
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Finally, the seven research question, analysis will be of interviews with science teachers. The aim of
these interviews for both of science teachers and students was to get contextual information and to

‘triangulate’ results in the questionnaires as well as the achievement test outcomes.

Quantitative data have been analysed in the statistical software IBM/ SPSS/PC version 19.0.

Significance level when testing hypotheses is set to p<0.05 for rejecting null hypotheses.
6.2 Students’ number who attended and participated actually in study

After completed the study experiment the actual attendance of students in each experimental group as

followed:-

In the first experimental group (Exgl), the number of students who attended and participated in science
topics, in both groups (i.e. the experimental group and the control group), is shown in the table 16 (after

the experiment was completed):

Table 16
The Number of Students Who Attended In First Experimental Group (Exg1)

Type of groups Slmulatlon(:\x;:;nputer 2l Traditional teaching (Cgl)

The Stude_nts School A/F 29 27

I”“mbe“”_ School B/M 20 20

classrooms in SChOOI C/F 19 20
each schools

in (Exg1) and School D/M 23 24

(Cgl)
91 91

Total
182

The number of students who participated in science topics in both groups (after the experiment
was completed)

Science topics FC C&D EC FC C&D EC
Students number 77 81 78 82 84 72

Note. (FC) = Food chain topic, (C&DS) = Circulation & digestive system topic, (EC)= Electric circus topic,
F= Female, M= Male

In the second experimental group (Exg2), the number of students who attended and

participated in science topics, in both groups (i.e. the experimental group and the control
group) is shown in the table 17 (after the experiment was completed):
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Table 17
The Number of Students Who Attended In Second Experimental Group (Exg2)

Type of groups Slmulatlczz):rg'nzc)lassroom Traditional teaching (Cg2)

The Stude_nts School A/F 29 28

Inumb” in School B/M 24 22

cassrooms N 1 gehool C/F 22 23
each schools in

(Exg2) and School D/M 17 18

(Cg2)
2 1
Total 9 9

183
The number of students who participated in science topics in both groups (after the experiment
was completed)
Science topics FC C&D EC FC C&D EC
Students number 83 82 85 83 73 82

Note. (FC) = Food chain topic, (C&DS) = Circulation & digestive system topic, (EC)= Electric circus topic,
F= Female, M= Male

6.3Normality test

The tests of normality for the six total scores are shown in Table 18. The Shapiro-Wilk test is most
appropriate, because of the low sample size. This test indicates that topic 1 food chain (FC) post-test,
topic 2 Circulation & digestive system (C&DS) pre-test and topic 3 Electric circuits (EC) pre-test were
significantly different from a normal distribution, with p-values in the last column smaller than 0.05.
Consequently, a non-parametric test is recommended for inferential statistical testing when these scores
are involved (Cohen, Manion & Morrison, 2000 and 2004). However, post-tests are normally
distributed for two topics (C&DS) and (EC), allowing parametric tests to be used. This is important,

because post-tests are used to test the hypotheses after pre-tests have been compared.

In situations where tests do not fully satisfy the criterion for normal distribution it is common to run
both parametric and non-parametric tests and compare the outcomes. This approach was taken in the
current study since two of the three topics only were normality distributed. In the first data tables for
testing hypotheses both sets of statistics will be presented. As will be shown, the outcome was the same
in both types of tests (Norusis, 1998, p263) . Because the parametric test is more familiar to many
researchers and somewhat easier to interpret and understand, further tables presents the parametric test
only. All hypotheses, however, have been tested with both types of tests (See Appendix 26 for more
details).
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Table 18
The Test of Normality

Total score for each topic in Kolmogorov-Smirnov Shapiro-Wilk
Group type
pre and pro-test Statistic Df Sig. | Statistic Df Sig.
Control 110 49 .188 .966 49 .170

Topic 1 (FC) pre-test
Experimental .148 47 .012 973 47 .329

Control 157 49  .004 923 49 .004
Topic 1 (FC) post-test
Experimental 181 47 .001 .905 47 .001

Control 162 49 .003 .905 49 .001
Topic 2 (C&DS) pre-test
Experimental .077 47 .200* .980 47 .601

Control .086 49 .200* .966 49 161
Topic 2 (C&DS) post-test
Experimental 115 47  .145 972 47 .303

Control .166 49  .002 .949 49 .035
Topic 3 (EC) pre-test
Experimental .153 47 .008 .909 47 .001

Control .100 49 .200* 963 49 .123
Topic 3 (EC) post-test
Experimental 113 47 172 .975 47 414

Note. (FC) = Food chain topic, (C&DS) = Circulation & digestive system topic, (EC)= Electric circus topic,
F= Female, M= Male

In regards to students’ attitude questionnaire, table 19 shows all sample size (df >50) thus the
Kolmogorov-Smirnov statistic was used for the same reason as in the achievement test. As seen from
the table, there was no significant difference in the first experimental or the second experimental group
or in the second control group, so all of these are normal distributed. In the first control group however

non-normality was found, with p=0.001.

Because three from four groups were normal distributed and only one of the groups is not normal, it is

still possible to use parametric test as similar as in achievement test as above.
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Table 19
Tests of Normality for Students Attitude Questionnaire

Kolmogorov-Smirnov Shapiro-Wilk
Statistic  df Sig. Statistic df Sig.

Groups type

First experiment simulation in

0.051 87 0.2 0.98 87 0.211
computer lab

Second experiment simulation

: 0.081 88 0.2 0.961 88 0.01
in classroom

First Control group for lab 0.139 84 0.001 0.94 84 0.001

Second Control group for

0.076 89 0.02 0.974 89 0.073
classroom

6.4 Comparing the pre-tests between groups

This analysis uses an independent samples t-test in SPSS for the total scores of pre-test for the three
topics (food chain topic (FC), circulation and digestive system topic (C&DS) and electrical circuit
(EC). Mean scores are compared between experimental group using simulation in the computer lab
(Exgl) and control group (Cg) in Table 20, between experimental group using simulation in classroom

(Exg2) and control group (Cg) in Table 21, and between the two experimental groups in Table 22

Table 20 shows that the mean scores for experimental and control groups were not significantly
different in the first (FC) and third (EC) topics of pre-test of students’ academic achievement. In the
second topic (C&DS) the difference is significant, with the control group having the highest score.
With two out of three topics not being significantly difference, it is reasonable to conclude that students
in the two groups were equal at the baseline. However, the significantly higher score on the second
topic will be considered when analyzing the post-test.
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Table 20

Simulation in Computer Lab vs. Traditional Teaching

Std Std.
Topics Groups N Mean Deviafion Error P-value
Mean
Simulation in
Topic 1 (FC)  computer lab (Exgl) 43 11.33 3.734 969 534
pre-test Traditional teaching 16 10.76 4762 702 '
_(C9) ' ' '
Topic 2 Simulation in 41 1232 3.784 591
computer lab (Exgl)
(C&DS) pre- 11 ditional teaching 007
test 45 15.04 5.244 782
(Co)
Simulation in
Topic3(EC)  computer lab (Exgl) 39 7.23 2.096 336 516
pre-test Traditional teaching 38 7 61 2 862 464 '

(Co)

Table 21 shows that the mean scores in all topics of the pre-test for the second experimental group and

the matching control group. None of these scores were significantly different. Thus, | can conclude

that students in the groups were equal at the baseline.

Table 21
Simulation in Classroom vs. Traditional Teaching
Std Std.
Topics Groups N Mean Devi " Error P-value
eviation
Mean
. Simulation in 47 7.49 3.562 520
(;g[))lgri— classroo_m (Exg2) .894
test Traditional 49 7.59 3.973 568
teaching (Cg)
Topic 2 Simulation in 37 8.00 3.923 .645
(C&DS) classroo_m (Exg2) 613
pre-test Traditional 42 8.40 3.029 467
teaching (Cg)
. Simulation in 46 3.30 3.444 .508
(-Ili-gF)"Sri- classroom (Exg2) .648
test Traditional 40 3.58 1.893 299

teaching (Cg)

Table 22 shows that there were significantly different mean scores, in all topics of the pre-test, which

were in favor of the first experimental group. These results can be attributed to the fact that students in

each group were from different schools and had different science teachers. The significantly higher

score between the two groups will be considered when analyzing the post-test.
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Table 22
Simulation in Computer Lab vs. Simulation in Classroom

Std Std.
Topics Groups N Mean D Error P-value
eviation
Mean
Simulation in 43 11.33 3.734 .569
Topic 1 (FC)  computer lab (Exgl) .001
pre-test Simulation in 47 7.49 3.562 .520
classroom (Exg2)
Topic 2 Simulation in 41 12.32 3.784 591
(C&DpS) re- computer lab (Exgl) .001
P Simulation in 37 8.00 3.923 645
test
classroom (Exg2)
Simulation in 39 7.23 2.096 .336
Topic3(EC)  computer lab (Exgl) .001
pre-test Simulation in 46 3.30 3.444 .508

classroom (Exg2)

6.5 Results in achievement post tests

6.5.1 Research question 1:Effect of using simulation in the computer lab versus traditional

teaching method

To answer the first research question, the differences between post-test mean scores were compared for
all topics. As mentioned, both parametric and non-parametric tests were used and the results are
therefore presented in two tables. Table 23 presents outcome of the non-parametric Mann-Whitney test,

and Table 24 presents an independent-samples t-test.

The two tables show similar results and suggest that none of the topics have significant differences to
5% level. In all topics, however, groups using the simulation have higher ranks in the non-parametric
test and higher means in the parametric test. The biggest difference is in the topic circulation and
digestive system, where the experimental group had a mean score of 19.25 and the group with
traditional teaching had 17.61. On this topic, the control group had significant higher score on the pre-
test. Since that is not a significant difference in the post-test, however, the conclusion from the test is to
keep the null hypothesis and reject the alternative hypothesis that simulations give higher achievement.

Note that the p value trend nearly to reach to the .05 after second science topic - i.e. C&DS - and this

what | expected, but strangely, that the p value rising from p=0.095 in second topic to .886 in the third
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topic. After the investigation of this result shows that science teachers faced technical problems in the
computer lab (Show later in detail in discussion chapter)
Table 23

The Post-test Score Comparison between Using Simulation in a Computer lab (Exg1) and using
Traditional Teaching (Cg) (Non-parametric Test)

Sig
Mean Mann
Test Group N rank Whitney U (p-value)
Using Simulation in 77 8511
FC post-test computer lab (Exgl) 2764 0.172
Traditional teaching(Cg) 82 75.20
Using Simulation in
1 :
C&DS post- computer lab (Exgl) 8 89.39 2885 0.091
test '
Traditional teaching(Cg) 84 76.84
Using Simulation in 78 76.05
EC post-test computer lab (Exgl) 2765 0.871
Traditional teaching(Cg) 72 74.90

Note. (FC) = Food chain topic, (C&DS) = Circulation & digestive system topic, (EC)= Electric circus topic,

Table 24
The Post-Test Score Comparison between Using Simulation in a Computer Laboratory (Exg1) and Using
Traditional Teaching (Cg) (Parametric Test)

Mean Std. Std.
Test Group N T e U
using S'mluLat'én '1” 77 15.18  4.055  0.462
FC post-test computer lab (Exgl) 0.417
Traditional teaching(Cg) 82 14.68 3.641 0.402
Using Simulation in
C & DS post- computer lab (Exg1) 81 19.25 5.902 0.656
test 0.095
Traditional teaching(Cg) 84 17.61 6.626 0.723
Using SlmlulbatlEon '1” 78 1222 4614 0522
EC post-test computer lab (Exgl) 0.886
Traditional teaching (Cqg) 72 12.11 4.486 529

NOTE. (FC) = Food chain topic, (C&DS) = Circulation & digestive system topic, (EC)= Electric circus topic.
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6.5.2 Rresearch question 2: Effect of using simulation in the classroom versus traditional

teaching method

The second research question was answered by testing the differences between the second experimental
group (Exg2), using simulation in the classroom, and the control group of students, using traditional
teaching methods (Cg). The analysis followed the same procedure as above with non-parametric and
parametric testing, but only the parametric test is presented (Table 25). This time the means are
significantly different in favour of the experimental group for all three topics. The null hypothesis is
therefore rejected and simulation is found to be more efficient than traditional teaching. Note again that
the highest mean score difference between two groups was in the second topic (C&DS), with 19.56 for

the experimental group and 17.51 for the control group.

Table 25
The Post-Test Score Comparison between Experimental Group Who Used Simulation in a Classroom

and the Control Group Who Use Traditional Method

Std. Std. t
= ey X AT Deviation Error statistic PRUEIILE

Using Simulation in 83 1445 4351 0478

FC post-test Classroom (Exg2) 2428  0.016
Traditional teaching(Cg) 83 12.88 3.949 0.433

Using Simulation in
C & DS post- Classroom (Exg2)
test

82 19.56 5.495 0.607
2.418 0.017

Traditional teaching(Cg) 73 17.51 5.080 0.595

Ugl'”g S'm“'aé'onz'” 85 1288 4565  0.495
EC post-test assroom (Exg2) 2287  0.024

Traditional teaching(Cg) 82 11.20 4.965 0.548

Note. (FC) = Food chain topic, (C&DS) = Circulation & digestive system topic, (EC)= Electric circus topic.

6.5.3 Research question 3: Effect of using simulation in the computer lab versus using in the

classroom

The third research question regarded the difference between the two experimental groups. Group 1,

using the simulations in the computer laboratory, was expected to have higher achievement than Group

2, using the simulation in the classroom. This was because the usage of the simulation program in
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computer lab give good opportunities for the student to work individually to construct new concepts

according to its pace, with science teachers helping as a guide for the student.

The parametric test (Table 26) through independent-samples T test was used, as mentioned before, and
the results are presented in Table 18. It shows that none of the mean scores for the two experimental
groups were significantly different. Note that the mean score in the first topic is higher for the first
experimental group, while the mean scores in the second and third topics are higher for the second
experimental group. The biggest difference is in the food chain topic, where the group that used
simulation in the computer lab had a mean score of 15.18 and the group that used simulation in the
classroom had 14.45. The conclusion is to keep the null hypothesis and reject the alternative that
simulations used in computer lab result in higher achievement than using simulation in classroom.
However, back to comparing the result of pre-test between two experimental groups (see Table 22) it
was seem that the first experimental group - using simulation in lab - was significantly different mean
scores than experimental group two - use simulation in classroom. But, now there was no significantly
different between both experimental groups, this shows that the second experimental group has

improved.

Table 26
The Post-Test Score Comparison between both Experimental Groups Who Used Simulation in
Computer Lab (Exg1) and Classroom (Exg2)

Test Group N Mean S.t d : Std t- statistic P
Deviation Error value

Using simulation in
computer lab (Exgl) 77 1518 4.055 0.462

FC post-test 1.105 0.270

Using simulation in
83  14.45 4.351 0.478
Classroom (Exg2)

Using simulation in 81 1995 5.902 0.656

: computer lab (Exgl)
C&[t)essf ost 0.352 0.726
Using simulation in 82 1956 5.495 0.607
classroom (Exg2)
Using simulation in
computer lab (Exgl) 78  12.22 4.614 0.522
EC post-test 0.923 0.357

Using simulation in

classroom (Exg2) 85  12.88 4.565 0.495

Note. (FC) = Food chain topic, (C&DS) = Circulation & digestive system topic, (EC)= Electric circus topic,
F= Female, M= Male



6.6 Effect size of students’ academic achievement

Effect sizes complement the testing of significance above and inform how big the differences are
(Lecroy & Krysik, 2007). Effect sizes are analysed both within groups (how much they have improved
in the post-test compared to the pre-test) and between groups (how big is the difference between the

different groups in the post-test).

As measure for effect size is used Cohen’s d (Cohen (1988, p. 25), which has the following standards:

e Small effect d >0.2
e Medium effectd >0.5
e Large effectd > 0.8
6.6.1 Effect sizes within the different groups from pre-test to post-test

Table 27 shows effect sizes for the group using simulations in the computer laboratory. As can be seen,
in all three topics the effect size is higher for the experimental group than the control group. Biggest
difference is in topic 2, where the experimental group has ‘large effect size’ 1.49 while the control
group has 0.32, which is medium effect size. In topic 1, the effect size for both groups is quite similar
1.55 for Exgl and 1.10 for Cg. For topic 3, both groups are within the large interval of Cohen’s
standard (<0.8). However, the effect size of Exgl is a little higher than Cg (also see Figure 26).

Table 27
The Effect Sizes from pre to post-test scores within groups using simulation in computer lab (Exg1) and
traditional teaching (Cg1)

STANDARDISED

DAV BNV EFFECT SIZE

post-test pre-test Confidence

(Exgl vs. Cgl) Effect interval for
Size effect size
Mean N SD Mean N SD lower upper
Exgllabpreposttest 16,1 39 2613 1133 43 3734 155 106 2.04

(FC) topic 1

Cg pref(’)opsit(;tle“(':c) 1511 44 2755 1076 46 4762 110 .066 155

Exgl lab pre post-test
(C&DS) topic 2

Cg lab pre post-test
(C&DS) topic 2

19.14 44 5137 1232 41 3.784 149 1.01 197

16.72 43 5147 15.04 45 5244 032 -010 0.74
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Exgl lab pre post-test

) 1134 44 4 7.2 2. 11 .64 1.
(EC) topic 3 3 690 3 39 096 0 06 56
Coprepost-test(EC) 1111 36 4406 761 38 2862 094 046 142
topic 3
Note. (FC) = Food chain topic, (C&DS) = Circulation & digestive system topic, (EC)= Electric circus topic,
F= Female, M= Male
Estimates of the pre & post-test effect size of the difference within
first experimental (Exg1) and control group (Cgl).
2.50
o 2.00
S
z 1.50 I I
b
£ 1.00 | |
= |
b 0.50
e L 4
Ei 0.00
g -0.50
’ Exgllab Exgl lab Cglab pre Exgllab
Cglabpre | prepost- Cglab pre
pre post- post-test test post-test | pre post- post-test
estFC) | eeytopic1 | (caps) | (C8DS) 1 testEC) Fp e
topicl . topic2 topic 3
topic2
4 Effect size estimate 1.55 1.10 1.49 0.32 1.10 0.94
B Upper confidence limit 2.04 1.55 1.97 0.74 1.56 1.42
Lower confidence limit 1.06 0.66 1.01 -0.10 0.64 0.46

Figure 26. Pre to post-test effect size for simulation in computer lab and using traditional teaching

Table 28 shows the similar effect sizes for the group using simulations in the classroom. As can be

seen, in all of three topics the effect size in the experimental group is higher than the control group.

The third topic (EC) had the biggest difference in effect sizes, with the experimental group having an
effect size 0.9 higher than the control group. In topic 1 (FC), the experimental group has 1.77, while
the control group has 1.22. In topic 2 (C&DS), the difference is smaller but still with a higher effect

size for the experimental group. Over all, both groups are within the large interval of Cohen’s standard

(<0.8) (see Figure 27).
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Table 28
The Effect Size Pre to Post-Test Score Comparison within Groups for Simulation in Classroom (Exg2)
and Used Traditional Teaching (Cg2)

STANDARDISED

et EFFECT SIZE
post-test pre-test Confidence
(Exg2 vs. Cg2) Effect interval for
Size effect size
Mean N SD Mean N SD lower upper
Exg2 pre post-test (FC) 14.60 47 4357 749 47 3.562 177 129 225
topic 1 ' ' '
Cg pre post-test (FC) 1257 44 4100 759 49 3973 122 078 167
topic 1 ' ' '
Exg2 pre post-test 17.16 45 4517 800 37 3.923
(C&DS) topic 2 213 159 267
Cg lab pre post-test 1525 36 4.031 840 42 3.029
(C&DS) topic 2 192 139 246
Exg2 pre post-test (EC) 1096 47 4.021 330 46 3.444 203 153 253
topic 3 ' ' '
Cg pre post-test (EC) 853 45 5679 358 40 1.893 113 067 159
topic 3 ' ' '

Note. (FC) = Food chain topic, (C&DS) = Circulation & digestive system topic, (EC)= Electric circus topic,

F= Female, M= Male

Estimates of the pre & post-test effect size of the difference within
second experimental (Exg2) and control group (Cg2) .

3.00
8 2.50
. ]
= 2.00 + |
L4
£ 1.50 ! z !
g'; 1.00 . |
= 0.50
&
= 0.00
g Exg2pre | Cglabpre | Exg2pre Cg post- Exg2 pre Cg pre
s post-test | post-test | post-test test post-test | post-test
(FC) topic | (FC) topic (C&DS) (C&DS) (EC) topic | (EC) topic
1 1 topic2 topic2 3 3
# Effect size estimate 1.77 1.22 2.13 1.92 2.03 1.13
M Upper confidence limit 2.25 1.67 2.67 2.46 2.53 1.59
Lower confidence limit 1.29 0.78 1.59 1.39 1.53 0.67

Figure 27. Pre to post-test effect size for simulation in classroom and using traditional teaching
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6.6.2 Effect sizes between groups in the post-test.

Table 29
The Effect Size between groups using simulation in the computer lab (Exg1) and traditional teaching

(Cgl)
STANDARDISED

DATA ENTRY EFFECT SIZE
Used simulation in . Confidence
computer Lab Tra_dltlonal interval for
(Exgl vs. Cgl) (Exgl) teaching (CG1) ESf:‘;;:t effect size
Mean n Std Mean n  Std lower upper

Exgl & Cg post-test (FC)

. 15.18 77 4.055 1468 82 3.641 0.13 -0.18 0.44
topic 1

Exgl & Cg post-test (C&DS)

. 19.25 81 5902 17.61 84 6.626 0.26 -0.05 0.57
topic 2

Exgl & Cg post-test (EC)

. 12.22 78 4.614 1211 72 4.486 0.02 -0.30 0.34
topic 3

Note. (FC) = Food chain topic, (C&DS) = Circulation & digestive system topic, (EC)= Electric circus topic,
F= Female, M= Male

Table 29 shows the effect sizes when comparing post-test scores between experimental and control
group. As mentioned earlier, these differences were not significant. Two out of three topics have effect
size in the small interval of Cohen’s standard (<0.2). The first (FC) and the third (EC) have 0.13 and
0.02 respectively. The effect size for the second topic (C&DS) was 0.26, which is slightly bigger than
(>0.2) of Cohen’s standard. To see the differences between the two groups in effect size for each topic,
Figure 28 is helpful.

In general, the result shows that teaching science in the computer laboratory has had little effect

compared to traditional teaching.
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Estimates of the effect size of the difference hetween
the simulation in computer lab (Exgl) and traditional teaching (Cg)
0.70
@ 0.60 N
& 0.50 N
*E 0.40 ]
= 0.30 r'y
= 0.20
$ 0.10 *
= 0.00 *
-E -0.10
g -0.20
w2 -0.30
-0.40
Exgl & Cg post-test Exgl & Cg post-test Exgl & Cg post-test
(FC) topic 1 (C&DS) topic 2 (EC) topic 3
& Effect size estimate 0.13 0.26 0.02
W Upper confidence limit 0.44 0.57 0.34
Lower confidence limit -0.18 -0.05 -0.30

Figure 28. The effect size of the difference between using simulation in computer lab and control;
group

Table 30
The Effect Size between groups using Simulation in Classroom (Exg2) and Used Traditional Teaching

(Cg2)

DATA ENTRY STANDARDISED

EFFECT SIZE
Simulation in Traditional &22:\';?2;?
i Effect
(Exg2 vs. Cg2) classroom (Exg2) teaching (Cg2) e effect size
Mean n Std | mean n Std lower upper

Exg2 & Cg post-test (FC)

. 14.45 83 4.351 12.88 82 3.949 0.38 0.07 0.68
topic 1

Exg2 & Cg post-test (C&DS)

. 19.56 82 5.492 17.51 73 5.080 0.39 -0.07 0.70
topic 2

Exg2 & Cg post-test (EC)
topic 3
Note. (FC) = Food chain topic, (C&DS) = Circulation & digestive system topic, (EC)= Electric circus topic,
F= Female, M= Male

12.88 85 4.565 11.20 82 4.965 0.35 0.05 0.66
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As shown earlier, students who used simulation in the classroom (Exg2) score significantly different on
the post test from the students who used traditional teaching method (Cg). Table 30 shows the effect
sizes for these groups. For topic one (FC) the effect size is 0.38, which is slightly less than the medium
according to Cohen’s standard scale. The other two topics, C&DS and EC, rate similar to the first topic
in effect size, with 0.39 for C&DS and 0.35 for EC.

As an example, a 0.5 effect size corresponds to the difference between the heights of 14-year-old and

18-year-old girls which is quite visible to the naked eye (Cohen, 1969, p23).

Estimates of the effect size of the difference between used simulation in
classroom (exg2) and used traditional teaching (cg)
.
3 0.80
g 0.70 ™ n B
5] 0.60
= 0.50
g 0.40 * *
| 0.30 ?
= 0.20
z 0.10
0.00
Exg2 & Cg post-test Exg2 & Cg post-test Exg2 X Cg post-test
(FC) topic 1 (C&DS) topic 2 (EC) topic 3
# Effect size estimate 0.38 0.39 0.35
B Upper confidence limit 0.68 0.70 0.66
Lower confidence limit 0.07 0.07 0.05

Figure 29. The effect size of the difference between using simulation in classroom and using
traditional teaching

Figure 29 shows the effect sizes with confidence intervals. The values for upper confidence intervals
between the three topics are 0.68, 0.70 and 0.66 for topic one (FC), topic two (C&DS) and topic three

(EC), respectively. The lower confidence intervals are 0.07, 0.07 and 0.05 for the three topics in order.
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6.7 Research question 4: Effect of using simulation on conceptual change

As mentioned in the literature review, each student starts or enters school with informal ideas
(misconceptions or alternative conceptions) about scientific phenomena or topics. This section presents
results for the effect of ICSS to shift such ideas. Information was gathered about students’ conceptual

changes of specific concepts or ideas in the pre- and post tests.

Two topics are selected for analysis. The circulatory and digestive System lesson was selected for the
first experimental group (Exgl), which used simulation in the computer lab to compare with traditional
teaching group (Cgl). The reason why the second topic was selected was that science teachers were
faced with many problems during the implementation of the third topic; i.e., the electric circuits lesson
(see the first research question analysis). The electric circuits lesson was selected for the second
experimental group (Exg2), which used simulation in the classroom to compare with traditional
teaching group (Cg2).

From a review study of children’s conception of the organisation of the body, Carey (1985) has shown
that children at the age of 10 appear to understand that the body contains numerous organs which
function together in maintaining life. Driver et al. (1994) in their review reports a common
misconception is to give egocentric explanations for parts of the body, as in ‘my hair is for washing’.
By the end of primary school children most explain functions of organs in terms of causal relationships,
and between 7 and 9 children commonly move for a holistic, human-centred view to recognition that
different functional parts of the body are working together. The ideas tested were therefore if students
can explain both functions of individual organs and how they work together. In electric circuits, a key
concept is the complete circuit (Driver, Guesne and Tiberghien, 1985). Children mostly enter school
with a ‘consumer model’, that electricity is used by the light bulb. This model develops step-wise
towards the circuit model taught in science, but research shows that even in secondary school many
students still hold on to a variant of the consumer model. An item with various models for electric
circuits was used in the pre- and post-tests and will be analysed. Further details about the topics are

given below.

The data analysis starts with presenting progress of students’ attainment in different score bands and
then moves to looking at individual items. As in the previous sections, the aim is to compare the

different ways of using simulations in the teaching,
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6.7.1 Conceptual change of using simulation in computer lab versus traditional teaching

about the Circulatory and Digestive System topic

| will start by presenting the understanding or achievement level analysis between students in Exgl and
Col groups, and then the conceptual change analysis in understanding the "Artery" as a specific
concept or idea when teaching the circulatory topic.

Because the C&DS test consisted of 20 items distributed across 5 questions, the total mark that a
student could score on this test was 30. In order to grasp the extent a student understood the science
topics, grades were rated as follows: scoring 7 or below was classified as ‘low understanding type’,
greater than 7 but less than or equal to 14 as ‘medium type of understanding’, greater than 14 but less
than or equal to 21 as ‘good understanding type’ and finally greater than 21 as ‘very good
understanding type’ (see Table 31).

Table 31
The Final Score For Pre And Post-Test Comparison Between Using Simulation In Computer Lab And
Using Traditional Teaching (Cg) With Respect To Students Understanding The Concepts Of Circulatory
And Digestive System Lesson

First Learning Environment

Using Simulation Traditional
in computer lab .
. Percentage/ teaching (Cg)
C&DS test Understanding B (Exg1)
umber
level standard
C&DS C&D.S C&DS C&I?S
topic topic topic pre- topic
re-test post- test post-
P test test
0-7 Low % 15.4% 0% 4.8% 0%
Understanding
type Students count 6 0 2 0
Understanding  8-14 Medium % 53.8% 20.5% 38.1% 38.1%
types for Understanding
circulatory type Students count 21 8 16 16
and digestive 15-21 good % 30.8%  38.5% 42.9% 42.9%
system lesson  uUnderstanding
(C&DS) topic type Students count 12 15 18 18
22-30 Very good % 0% 41.0% 14.3% 19.0%
Understanding
type Students count 0 16 6 8
Total of students 39 39 42 42

171



Total of percentage of conception level 100% 100% 100% 100%

Note: c&DSs=Circulatory and digestive system lesson

able 31 shows that 15.4% of the students using simulation in the computer lab (Exgl), were classified
as showing low understanding in at the pre-test stage. In the post-test no student was classified as
showing low understanding. Furthermore, that the pre-test stage, not a single student was classified as
showing a very good understanding, while in the post-test 41% of the students were classified at this
level. There was also a decrease in the number of students who were classified as having medium
understanding, from 53.8% to 20.5%. In contrast, for the control group there was less change in the
understanding level of students between pre-test and post-test For instance at pre-test stage only 5%
were classified as showing low understanding, while at post-test, no student was classified as showing
low understanding. Just over 38% of students were classified as showing medium understanding at pre-
test and a similar percentage was shown at post-test. At the higher conceptual level of understanding
i.e., ‘good’ and ‘very good’, the percentage of students at pre and post-test stages is very similar; 42.9%
vs. 42.9% and 14.3% vs. 19.0% respectively.

There are many objectives within the circulatory system topic (see Table 32). One of the objectives is:
Knowing how blood transfers from the heart to the body parts. Windschitl and Andre (1998) suggest
that the students in fifth, eighth and tenth grade, as well as some college freshmen have many of
misconceptions and limited about the conceptualization of how the circulatory system works and heart
function or how many chamber in the heart?. The say "When asked to select an illustration that
describes the path of blood in the body, the students’ most frequent response was an incorrect pattern in
which blood flowed from the heart to an extremity then back to the heart, not including any flow to the
lungs” (p. 146).

Table 32
The Lesson Objectives for Circulatory System Lesson
The topic Lesson objectives
At the end of the circulatory system topic, the student must:
. - Know the parts of the blood and function of each.
Circulatory - Define the blood vessels types.
system - Describe the route of blood through the heart to all of body

parts.
- Compare between each of the three types of blood vessels
through its function.
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The students’ preconceptions about how the blood is transferred from the heart to the entire body,

according to the science teachers, were as follows:

- There is one hose ("they mean blood vessels as scientific term™) out from the heart and

back to it; its function is distributing the blood to the entire human body.

- When the human moves, the heart works and then it will distribute blood to the entire

human body through the heart hose (blood vessels is the scientific term).

One of the aims of the circulatory system lesson is that students should know the types of blood vessels
and the function of each type. The artery is one of the three types of blood vessels and its function is

transfer the blood from the heart to the all of body parts.

Item number 4 at the pre and post-test stages for the circulatory system topic (see Appendix 13) was
measured to grasp the students’ level of understanding of the term artery. Therefore, Table 33 shows
the result of student responses (Figure 30). According to the science teacher, the conceptual change
achieved when the students knows the function and the meant by "Artery" concept. Therefore,
conceptual change level was calculated as follows: If a student selected one wrong choices such as; A,
C or D no change has occurred, and if student chooses two answers such as; right answer with an
alternative concept (such as B with A, D or C) the change is rated at ‘medium level’, but if students

selected the correct answer (i.e. B only) the change of understanding is rated at ‘high level’.

Question four; Select scientifically correct answer for each of the following statements
by ticking (v):

1. What part(s) of the circulatory system transfer(s) blood from the heart to the body

parts:

Vein Artery Capillaries  [p]Food

Figure 30. Question 4; which measured the change of Artery understanding
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Table 33

The Final Score For Question 4 In Pre And Post-Test Comparison Between Using Simulation In
Computer (Exg1) And Using Traditional Teaching (Cg) With Respect To Students’ Conceptual Change
Of The Artery Concept

First Learning Environment

Using simulation Traditional
Circulatory system in computer lab raditiona
Artery Y sy Percentage/ Exal teaching (Cg)
Conceptual level standard (Exgl)
concept Number
of the Artery term
(CS) (CS)
(CS) - (CS) X
- topic - topic
topic topic
re-test PO pre-test post-
P test test
Conceptual 0= No conceptual % 87.18% 17.95% 83.33% 33.33%
level for understanding Students 34 7 35 14
4 for .

(S&DS) 1= Some conceptual % 5.13% 7.69%  7.14%  9.52%
Conceptual understanding Students 2 3 3 4
Change Of 2= Good conceptual % 769% 7436% 952%  57.14%
The Artery understanding Stud 3 29 4 24

concept tudents

Total of students 39 39 42 42
Total of percentage of conception level 100% 100% 100% 100%

Note: (CS) = circulatory system lesson

Table 33 shows the conceptual level of students after they finish question four in the C&DS topic test.
As revealed in the first row under the experimental column, the percentage of students who have no
experience or idea about "Artery" concept in the pre-test is 87.18% (this means high in
misconceptions) and this percentage decreased very significantly post-test to 17.95% (from 34 students
to 7 students only). Therefore, comparing experimental with control groups in same level, the
percentage for Cg is larger than Exgl in post-test, which equal 33.33% in post-test after it was 83.33%
in pre-test. What is interesting to note is that the percentage in conceptual understanding or change is
increasing in both groups from pre-test to post-test: 74.36% for Exgl and 57.14% for Cg. It appears
that the difference of percentages between groups is 15% in favour of student who use simulation in the
computer lab. No important change in the level of some conceptual understanding was shown between

pre-test and post-test in either group (Exgl and Cg).
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6.7.2 Conceptual change of using simulation in classroom versus traditional teaching

about the Electric Circuit topic

The electric circuit (EC) topic was selected to compare between Exg2 and Cg2 in the understanding or
achievement level analysis between students in both groups and then the conceptual change analysis in
understanding the "electric current flow™ as a specific concept or idea during the teaching the electric

circuit topic.

The EC test consisted of 13 items distributed across 5 questions to assess the students’ understanding of
the topic goals. The total possible score of this test is 22, and the standard of conceptual understanding
was established by science teachers as follows: the level 0-6 = low understanding level, 7-11 = medium
level of understanding, 12-16 = good understanding level and finally 17-22 = very good understanding
level (see Table 34).

Table 34
The Final Score For Pre Post-Test Comparison between Using Simulation In Classroom (Exg1) And
Using Traditional Teaching (Cg) With Respect To Students Understanding The Concepts Of Electrical
Circuit Lesson

Second Learning Environment

Usi'r? ?;IZIQ:JJS::]OH Traditional
Understanding Percentage/ (Exg2) teaching(Cg)
EC test type Number
EC EC
standard EC topic EC topic
topic topic
pre-test ptosi- pre-test ptos:-
es es
0-6 Low % 82.9% 9.8% 74.4% 33.3%
Understanding type Students count 34 4 29 13
- % 17.1% 41.5% 25.6% 35.9%
Understanding 7-11 Medium
types for Understanding type  gy,qents count 7 17 10 14
electrical
circuit lesson 12-16 good % 0.0% 36.6% 0.0% 20.5%
EC) topic ;
(EC) top Understanding type gt dents count 0 15 0 8
17-22 Very good % 0% 12.2% 0.0% 10.3%
Understanding type Students count 0 5 0 4
Total of students 41 41 39 39
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Total of percentage of conception level 100% 100% 100% 100%

Note: ES = electrical circuit lesson

Table 34 explains the understanding levels of students after they finish all questions in the electric
circuit (EC) test. As found in the first row the second experimental (Exg2) column, the percentage of
students with low understanding in pre-test is 82% and this percentage decreases very significantly in
the post-test to 9.8% (from 34 students to 4 students only). Therefore, in comparing experimental with
control groups at the same level, the percentage for Cg is larger than Exg2 in post-test, which stands at
33.3%, after what was 74.4% in pre-test. What is interesting to note is that in the pre-test for Exg2,
there is 0% in the ‘good’ and ‘very good’ categories of understanding, but in post-test there is 36.6%
and 12.2% in the level of ‘good’ and ‘very good’ respectively. Also, at the medium level, Exg2
students rose from 17.1% to 41.5% compared to 25.6% to 35.9% in Cg.

There are many objectives within the electric circuit topic (see Table 35). One of such is: Knowing the
flow direction of an electrical current through a conductor. Jaakkola & Nurmi (2008) suggest that "in
the domain of electricity, there is a large body of research evidence that shows that students in all
school levels have severe difficulties and misconceptions in their understanding of electric circuits even

after formal instruction has taken place” (p. 271).

The students’ preconceptions for the direction of flow for an electrical current through a conductor,

according to the science teachers, were as follows:
- The current flows in one wire only from battery to bulb.
- The current in both wires is flowing towards the lamp.
- Less current is flowing back to the battery than to the lamp.

One of the aims of the electric circuit lesson is that students should know the flow direction of an
electrical current through a conductor in circuit. Electric current flow without a break is very important
to light a bulb.
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Table 35

The Lesson Objectives for Electric Circuit Lesson
The topic Lesson objectives

By the end of the electric circuit lesson, the student must:

- Know the flow direction of an electrical current through a

Electric conductor.
circuit - Define the terms of resistance, conductor and insulator.
lesson (EC) - Describe what happens in close electric circuit.

- Describe two kinds of series circuit & parallel circuits.
- Compare between series circuit & parallel circuit.
- Differentiate between of series circuit & parallel circuit.

Question 5 in pre and post-tests within the EC topic (see Appendix 14) measured the students’ level of
understanding in the lesson. Therefore, Table 36 shows the result of student responses for this question
(Figure 31) According to the science teacher, the conceptual change level was calculated as follows: If
a student selected one wrong choice such as; A, B or C, no change occurred, and if student chose two
answers, such as the right answer with an alternative concept (such as D with A, B or C) the change is
rated ‘medium level’, but if students selected the correct answer (i.e. D only) the change of concept is

rated at ‘high level’

Q4: Which situation is most correct for electric current?

A % 7 i B 3?
There is current in one wire only. The current in both wires are moving
towards the lamp.

| @ | @
Less current is moving back to the battery
than to the lamp.

The current is the same in the wires to and
from the battery.

Figure 31. Question 5; which measured the flow direction of a current through conductors
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Table 36
The Final Score For Question 5 In Pre And Post-Test Comparison Between Using Simulation In

Classroom (Exg2) And Using Traditional Teaching (Cg) With Respect To Students’ Conceptual Change
Of The Electric Current

Second Learning Environment

Using simulation

Electric Conceptual level in classroom Traditional
. Percentage/ Exa? teaching (Cg)
current standard of the electric Nurber (Exg2)
concept current term EC EC
EC . EC .
. topic . topic
topic ost- topic ost-
pre-test " pre-test "
test test
0= No conceptual % 95.1%  46.30%  82.10%  64.10%
understanding
Students 39 19 32 25
Conceptual Student selected A, B or C count
level for
(%g (f:(;r 1= Some conceptual % 2.40%  22.00%  15.40%  15.40%
understanding
Conceptual Students 1 9 6 6
Change Of Student selected D with C count
The
Current understanding stud
tudents
Student selected D count 1 13 1 8
Total of students 41 41 39 39
Total of percentage of conception level 100% 100% 100% 100%

Note: EC = electrical circuit lesson

Table 36 shows the conceptual understanding level of students after they finish question four in the EC
topic test. As found in the first row under the experimental column, the percentage of students who
experienced no conceptual understand in the pre-test is 95.1% (high in misconceptions) and this
percentage decreases very significantly in the post-test to 46.3% (from 39 students to 19 students only).
Therefore, the percentage for Cg is greater than for Exg2 in post-test, which equals 64.1% after what
was 82.1% in pre-test. What is interesting to note is that in the pre-test for experimental group there
was 2.4% in the ‘some conceptual understanding’ and ‘good conceptual understanding’ categories, but
by the post-test there was 22% and 31.7% respectively. In Cg, the ‘some conceptual understanding’

percentage was same pre and post, equaling 15.4% for each, but the ‘good conceptual understanding’
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level of change in post-test rises from 2.6% to 20.5%. Despite this, the students in Exg2 experienced a

high percentage conceptual change, greater than that of Cg students.

6.8 Result of attitude toward science
6.8.1 Research question 5: Effect of using simulations in students’ attitude toward teaching and
learning science in each of using simulation in the computer lab and using simulation in

classroom compared to traditional teaching method

To test the attitude hypotheses towards learning science, the parametric test by independent-samples t t-
test was conducted to find if there any significant statistical difference (p-value). In addition,
differences of effect size were placed in the same table. The questionnaire included two attitude scales,
attitude towards learning science at school and attitudes towards further studies in science. Results are
presented separately for the two experimental groups compared to the control groups and for

comparing the two experimental groups with each other.

Table 37
The Students’ Attitude Comparison between Using Simulation in Computer Laboratory and Using
Traditional Teaching (Cg) Toward Learning Science

PO~ Std Std. t effect
Attitude Type of group Mean N Deviation Error statistic p-value size
scales Mean
. Using simulation in
sIE?:r:QeI r;% computer lab (Exgt) >0 %0 0% o0 951 343 015
school Trad'“o(”gé)tea‘:h'”g 379 84  0.82 0.09
. Using simulation in
sif:r?gelr:g computer lab (Exgy) > % 0% o4 470 639  0.07
the future  |raditional teaching 5 o5 g, 4 44 0.12

(Co)

Table 37 presents the results of students’ attitudes for first experimental group using simulations in the
laboratory. The t-test revealed no significant difference between the groups in their attitude towards
learning science at school. (p> 0.05). The mean values are 3.90 for Exgl and 3.79 for Cg I. For
studying science in the future, the result is the same (p=0.64> 0.05). The effect sizes (ES) are small,
with d value 0.15 and 0.07 respectively (Cohen’s standards d < 0.2) (see also Figure 32) the conclusion

to the sixth hypothesis therefore to keep the null hypothesis.
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0.50

Estimates of the post-attitude effect size of the difference between
using simulation in computer lab (Exgl) and traditional teaching (Cg)

0.40
0.30

0.20

0.10

0.00
-0.10

-0.20

Standardised Effect Size

-0.30

Exgl X Cg lap post-
attitude part A

Exgl X Cg lap post-
attitude part B

Exgl X Cg lap post-
attitude A& B

# Effect size estimate 0.15 0.07 0.12
B Upper confidence limit 0.44 0.37 0.42
Lower confidence limit -0.15 -0.23 -0.18

Figure 32. The effect size estimates between simulation in computer lab and using traditional teaching

Table 38

The Attitude Comparison between Second Experimental Group Who Used Simulation in Classroom and

Traditional Teaching toward Learning Science

Post — std Std. o- offect

Attitude Type of group Mean N Devi ; Error . . .

eviation statistic value size

scales Mean

Learning UCSI'QSQ'S rSoI(r)nnle 'é"é'f;z')” 421 88 048 0.05

science at Traditional 5.886 .001 0.91
school teaching(Cg) 3.62 90 0.81 0.09

Studying UCSI'QSQ'S rSoI(r)nnle 'é"é'f;z')” 385 8 103 0.11

science in Traditional 3.373 .001 0.51

the future 3.32 90 1.07 0.11

teaching(Cqg)

Table 38 shows the mean attitude scores for the second experimental and control group (Exg2 and Cg).

. Here we see a statistically significant p-value of 0.001 (>0.05) for both scales. Mean values are 4.21

for learning science at school and 4.08 for studying science in the future for the experimental group.

Effect sizes (see Figure 33) are 0.91 and 0.51, In other words, a large effect in Cohen’s (1969)

description for the first scale. The second scale has a smaller effect size somewhat smaller, but still at a

medium level in Cohen’s categorization.
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in the teaching.

The findings, therefore, support the seventh hypothesis that attitudes are higher when using simulations

Estimates of the post-attitude effect size of the difference between
using simulation in classroom (Exg2) and traditional teaching (Cg)

1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

Standardised Effect Size

T

s

i

T
i

Exg2 X Cg classroom
post-attitude part A

Exg2 X Cg classroom
post-attitude part B

Exg2 X Cg classroom
post-attitude A & B

# Effect size estimate 0.91 0.51 0.79
B Upper confidence limit 1.21 0.81 1.09
Lower confidence limit 0.60 0.21 0.48

Figure 33. The effect size estimates between simulation in classroom and traditional teaching

6.8.2 Research question 6: Effect of using simulations in students’ attitudes towards science
teaching and learning between using simulation in the computer lab and using simulation

in classroom

Table 39 compares the two experimental groups. It reveals that there is significant statistical difference
in the attitude towards learning science at school. The difference is in favour of the second
experimental group using simulations in the classroom. The t-value is -3.95 and the p-value of 0.001
the effect size of this difference is 0.6 which is above medium under Cohen’s standard. For attitude
towards studying science in the future, there is no significant between the two experimental groups.

The p-value is 0.2 and the effect size, d=0.19, is small (see Figure 34).

The overall result therefore suggests that using the simulation program in the classroom developed the
best attitude among the students, but that this is most efficient or attitude towards learning science at

school
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Table 39

The Attitude Comparison between both Experimental Groups Who Used Simulation in Computer Lab

(Exg1) and Classroom (Exg2)

Std.

Figure 34. The effect size estimates between first experimental group and second experimental group

PESAUINEE Type of grou Mean N S Error -value ST
scales ypeorgroup Deviation statistic P size
Mean
Using Simulation
in Computer Lab 3.90 88 0.56 0.06
Learning (Exgl) )
science at school  Using Simulation 3.95 001 0.60
in Classroom 4.21 88 0.48 0.05
(Exg2)
Using Simulation
. in Computer Lab 3.66 88 0.90 0.11
Studying (Exgl)
science in the . - . -1.29 .200 0.19
future U§|ng Simulation
in Classroom 3.85 88 1.03 0.10
(Exg2)
Estimates of the post-attitude effect size of the difference between
. using simulation in computer lab (Exgl) and using simulation in
Z classroom (Exg2)
é 1.0
i ! ;
= 0.4 N |
= 85 1
g 03 '
% ' Exg2 X Exgl post- Exg2 X Exgl post- Exg2 X Exgl post-
attitude part A attitude part B attitude A& B
+ Effect size estimate 0.60 0.19 0.46
B Upper confidence limit 0.90 0.49 0.76
Lower confidence limit 0.30 -0.11 0.16

6.9 Research question 7: Students’ opinions and experiences about usability of interactive

computer simulation software in science education through usability questionnaire and

interviews

6.9.1 Students’ Questionnaire of Simulation Program Usability

A questionnaire was given to the students from the two experimental groups. There were 32

items in the questionnaire to solicit information of the usability of interactive computer
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simulation software. These were divided into three topics of groups of questions. The first
topic contained six items asking the students about their “opinion about the program”. The
second topic included 12 items asking about “experiences with using the program”, and
finally the third topic contained 14 items asking about “learning science from the program”.
The research question was also answered by interviewing two students from each of the

schools participating in the study.

Results will be presented for items separately, with frequencies of responses for each item
and the mean value for the item. When calculating the means, categories have been scored 5
for strongly agree, 4 for agree, 3 for neither agree or disagree, 2 disagree and 1 for strongly
disagree. To make it easier to compare mean values for the item, negatively phrased
statements have been coded in reverse. This means higher mean values reflect more positive
opinions.

Table 40

The Usability Attitude for All Students’ In Experimental Group Who Used Simulation for 6 Items Asking
the Students’ "opinion about the program"

Neither
ltem Experimental Number/ Strongly ree agree e SFroneg an
Groups percentage agree no disagree
disagree
Simulation in Frequency 63 16 1 2 2 6o
computer lab % 75.0 19.0 1.2 2.4 2.4
It is wonderful Simulation in Frequency 68 10 1 0 2 s
to use classroom % 88.3 13.0 1.3 0.0 2.6
All Frequency 131 26 2 2 4 a68
% 79.4 15.8 1.2 1.2 2.4
Simulation in Frequency 46 16 15 5 2 418
computer lab % 54.8 19.0 17.9 6.0 2.4
| feel | need to Simulation in Frequency 51 22 2 1 5 440
have it classroom % 66.2 28.6 2.6 1.3 6.5
All Frequency 97 38 17 6 7 428
% 58.8 23 10.3 3.6 4.2
Simulation in Frequency 45 25 5 6 3 43
computer lab % 53.6 29.8 6.0 7.1 3.6
It is fun to use Simulation in Frequency 56 13 4 3 5 438
it at home. classroom % 72.7 16.9 5.2 3.9 6.5
All Frequency 101 38 9 9 8 43
% 61.2 23 5.5 5.5 4.8
| enjoy Simulation in Frequency 55 15 5 3 6 231
working with computer lab % 65.5 17.9 6.0 3.6 7.1
it Simulation in Frequency 58 20 0 1 2 4.62
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classroom % 75.3 26.0 0.0 1.3 2.6
Frequenc 113 35 5 4 8
All q ¥ 4.46
% 68.5 21.2 3 2.4 4.8
Simulation in Frequency 41 8 8 11 16 256
| am favour computer lab % 48.8 9.5 9.5 13.1 19.0 '
5 using it more Simulation in Frequency 45 19 7 3 7 a4
than a classroom % 58.4 24.7 9.1 3.9 9.1 '
textbook Al Frequency 86 27 15 14 23 -
% 52.1 16.4 9.1 8.5 13.9 '
Simulation in Frequency 45 21 9 2 7 i1z
y computer lab % 53.6 25.0 10.7 2.4 8.3 '
| wou . .
. Simulation in Frequency 56 15 2 3 5
6 recommend it 4.41
. classroom % 72.7 19.5 2.6 3.9 6.5
to a friend
Frequency 101 36 11 5 12
All 4.27
% 61.2 21.8 6.7 3 7.3

The first scale tests - or the set of question - the students’ opinions about the simulation software.
Table 40 shows that all items in general are rated very positively (the mean ranges from 4 to 5). The
two lowest rated items in mean scores are item 5, which asked if "the student favoured using the
program more than a textbook," with a mean score of 3.84 (3.56 for simulation in computer lab, and
4.24 for simulation in classroom) and item 6, which asked if "the student would recommend the
simulation program to a friend,” where the mean score was 4.27 (4.13 for simulation in computer lab,
and 4.41 for simulation in classroom). The two highest rated items are item 1, which asked if “the
simulation program is wonderful to use,” where the mean score was 4.68 (4.62 for simulation in
computer lab, and 4.75 for simulation in classroom), and item 4, which asked students if "they enjoy
working with it," where the mean score was 4.46 (4.31for simulation in computer lab, and 4.62 for

simulation in classroom).

Obviously, the students’ opinions toward the program were very positive and they were satisfied with
it.
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Table 41
The Usability Attitude for All Students’ In Experimental Group Who Used Simulation for 12 Items

Asking About "EXPERIENCES WITH USING THE PROGRAM"

Neither
No ltem Experimental Number/ Strongl agree Piee o S'.crongly mean
Groups percentage y agree nor disagree
disagree
Simulationin  Frequency 14 2 9 18 41 3.83
computer lab % 16.7 2.4 10.7 21.4 48.8 '
. Simulationin  Frequency 13 8 3 9 48
3.88
1 [ltishardtouse = W room % 169 104 3.9 11.7 62.3
Frequenc 27 10 12 27 89
Al auency 3.85
% 16.4 6.1 7.3 16.4 53.9
Simulationin  Frequency 49 13 11 5 6 412
Icons on the computer lab % 58.3 15.5 13.1 6.0 7.1 )
2 computer Simulation in Frequency 57 13 5 0 6 4.42
screen are easy classroom % 74.0 16.9 6.5 0.0 7.8 '
to understand All Frequency 106 26 16 5 12 4.97
% 64.2 15.8 9.7 3 7.3 '
Simulationin  Frequency 53 14 7 3 7 4.93
inf ; computer lab % 63.1 16.7 8.3 3.6 8.3 '
3 rlﬁer:q;e';): izn Simulationin  Frequency 60 14 2 2 3 4.56
clear classroom % 77.9 18.2 2.6 2.6 3.9 '
Frequency 113 28 9 5 10
All 4.39
% 68.5 17 5.5 3 6.1
Simulationin  Frequency 50 12 8 4 10 4.05
b ati ; computer lab % 59.5 14.3 9.5 4.8 11.9 '
4 c:weji?:re]saislzgso Simulationin  Frequency 62 14 1 0 4 4.60
Y Classroom % 805 182 1.3 0.0 5.2 '
to understand
Frequency 112 26 9 4 14
All 4.32
% 67.9 15.8 5.5 2.4 8.5
] Simulationin  Frequency 50 14 8 2 10 4.10
'”rformat"’e oN  computer lab % 595 167 9.5 2.4 11.9 '
the computer Simulationin  Frequency 64 9 4 2 2
5 screen let me 4.62
. classroom % 83.1 11.7 5.2 2.6 2.6
work without c 114 23 1 4 1
problem. All requency 4.35
% 68.5 17 5.5 3 6.1
. . Simulationin  Frequency 43 15 18 3 5 4.05
Telrr*t“r;"t'ogt\("s computer lab % 512 179 214 3.6 6.0 '
6 tzrailjvshic:: | a(ren Simulation in Frequency 47 8 6 13 6 391
. classroom % 61.0 104 7.8 16.9 7.8 '
doing. (Pack,
Frequency 90 23 24 16 11
start, etc) All 4.01
% 549 14 14.6 9.8 6.7
7 It is easy to Simulation in Frequency 53 8 12 6 5 417
browse and computer lab % 63.1 9.5 14.3 7.1 6.0 '
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run this Simulationin  Frequency 68 6 4 1 2 4.69
program classroom % 88.3 7.8 5.2 1.3 2.6 '
through the Frequency 121 14 16 7 7
press buttons Al % 73.3 8.5 9.7 4.2 4.2 4.42
Simulationin  Frequency 38 19 12 5 10 3.83
It is easy to use computer lab % 45.2 22.6 14.3 6.0 11.9 '
3 the program Simulationin  Frequency 49 15 9 4 4 4.5
without any classroom % 63.6 19.5 11.7 5.2 5.2
help Frequency 87 34 21 9 14
All 4.04
% 52.7 20.6 12.7 5.5 8.5
It was difficult  Simulationin  Frequency 24 4 14 20 22 3.14
for me to computer lab % 28.6 4.8 16.7 23.8 26.2 '
9 understand the Simulationin  Frequency 16 9 13 5 38 337
messages classroom % 20.8 11.7 16.9 6.5 49.4
shown on the All Frequency 40 13 27 25 60 332
screen % 24.2 7.9 16.4 15.2 36.4 '
Simulationin  Frequency a7 14 8 6 9
computer lab % 56.0 16.7 9.5 7.1 10.7 4.00
10 | saved time by  Simulationin  Frequency 64 12 2 1 2 4.67
quick browsing classroom % 83.1 15.6 2.6 13 2.6
Frequency 111 26 10 7 11
All 4.33
% 67.3 15.8 6.1 4.2 6.7
Simulationin  Frequency 43 20 10 2 9 4.02
computer lab % 51.2 23.8 11.9 2.4 10.7 '
11 \:/-Qreksiflir\?vrzy Simulationin  Frequency 57 10 8 2 4 4.41
| prefer classroom % 74.0 13.0 10.4 2.6 5.2
Frequency 100 30 18 4 13
All 4.21
% 60.6 18.2 10.9 2.4 7.9
Simulationin  Frequency 23 10 16 9 26 3.06
| do many (;ompluter lab : % 22754 11.9 131.0 1(;.7 3:(.)0
. imulation in requency
12 C"C';Zt; SrEaCh classroom % 325 52 5.2 10.4 51.9 3:30
Frequency 48 14 20 17 66
Al % 29.1 8.5 12.1 10.3 40 3.24

Table 41 presents the students’ experiences using the program. In general, most of the results for the 12
items show that the students had good experiences using the simulation program. As you can see, the
three items which have the highest mean scores are item 7, which asked if the students found it "easy to
browse and run this program through the press buttons,” where the mean score was 4.42; item 3, which
asked if the "Information on the screen is clear,” where the mean score was 4.39; and item 5, which
asked if the "informative (assistance phrases) on the computer screen let me work without problem,”

where the mean score was 4.34.
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In contrast, the two items which have the lowest mean scores were item 12, which asked if students
during simulation used " many clicks to reach to task,” where the mean score was 3.24, and item 9,
which asked if "it was difficult for me to understand the messages shown on the screen,” which had a

mean score of 3.32.

Overall, in the 12 items that measure the "experiences with using the program,” the outcomes seem very
positive. There were two items with low scores, items 12 and 9, but these were negatively phrased, which
means that when a student selected “strongly disagree, “it was a positive answer, hence many students

may be confused when answering a question such as this.

Table 42
The Usability Attitude for All Students’ In Experimental Group Who Used Simulation for 14 Items
Asking About "LEARNING SCIENCE FROM THE PROGRAM"
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Neither
N ltem Experimental Number/ Strongly e agree e SFroneg mean
Groups percentage agree nor disagree
disagree
Simulation in  Frequency 60 12 7 0 5
Itisgood  computer lab % 71.4 14.3 8.3 0.0 6.0 445
1 pgjé?gr;hfeor Simulation in  Frequency 58 16 0 2 5 4.48
learning classroom % 75.3 20.8 0.0 2.6 6.5
science Al Frequency 118 28 7 2 10 4.47
% 715 17 4.2 1.2 6.1
Simulation in  Frequency 35 10 14 7 18 344
It is better computer lab % 41.7 11.9 16.7 8.3 21.4 '
5 thgn learning  Simulation in  Frequency 32 34 4 5 6 400
science from classroom % 41.6 44.2 5.2 6.5 7.8 '
a text book All Frequency 67 44 18 12 24 37
% 40.6 26.7 10.9 7.3 145 '
Simulation in  Frequency 46 15 9 4 10 3.99
This program ~ computer lab % 54.8 17.9 10.7 4.8 11.9 '
made me like Simulationin Frequency 65 10 2 0 4 463
learning classroom % 84.4 13.0 2.6 0.0 5.2 '
science All Frequency 111 25 11 4 14 43
% 67.3 15.2 6.7 2.4 8.5
Simulationin  Frequency 52 15 6 5 6 421
computer lab % 61.9 17.9 7.1 6.0 7.1 '
oowould - Simulation in  Frequency 60 11 1 1 8 a1
to a friend classroom i % 7171;) 1246.53 1%3 1é3 1;)4.{4
requency
Al % 67.9 15.8 4.2 3.6 8.5 4.31
All students ~ Simulation in  Frequency 40 22 12 3 7 4.01



should learn ~ computer lab % 47.6 26.2 14.3 3.6 8.3
science this  sjmulationin ~ Frequency 64 7 2 3 5 451
way classroom % 83.1 9.1 2.6 3.9 6.5 '
Frequency 104 29 14 6 12
Al % 65.4 17.3 8.3 2.6 6.4 4.25
Simulation in  Frequency 15 2 8 10 49 3.90
The program  computer lab % 17.9 2.4 9.5 11.9 58.3 '
is not a good . L
6 subport in Simulation in  Frequency 18 2 3 19 39 373
Ie%?ning classroom % 23.4 2.6 3.9 24.7 50.6 '
science Al Frequency 33 4 11 29 88 3.82
% 19.9 1.3 5.8 17.3 55.8 '
Simulation in  Frequency 24 8 15 7 30 313
| rather prefer  computer lab % 28.6 9.5 17.9 8.3 35.7 '
a traditional imulation i F 18 4 18 7 34
7 method SITU ation in req(:Jency 3.43
without using classroom 0% 234 5.2 23.4 9.1 44.2
a computer Al Frequency 42 12 33 14 64 398
% 26.3 6.4 19.9 7.7 39.7
Simulationin  Frequency 52 12 9 2 9 414
- computer lab % 61.9 14.3 10.7 2.4 10.7 '
€ program Simulation in  Frequency 66 7 2 1 5
8 made science classroom o 85,7 91 26 13 6.5 4,58
interesting 0 ' ' : : :
Al Frequency 118 19 11 3 14 4.36
% 715 11.5 6.7 1.8 8.5 '
Simulation in  Frequency 43 14 12 4 11 388
X computer lab % 51.2 16.7 14.3 4.8 13.1 '
9 T/vaesper;sg;?gq Simulation in  Frequency 64 8 3 0 6 453
use at home classroom % 83.1 10.4 3.9 0.0 7.8
Al Frequency 107 22 15 4 17 4.
% 64.8 13.3 9.1 2.4 10.3 '
Simulationin  Frequency 24 5 10 8 37 3.35
I did not learn ~ computer lab % 28.6 6.0 11.9 9.5 44.0 '
10 anything new Simulation in  Frequency 17 4 8 4 48 377
from the classroom % 221 5.2 10.4 5.2 62.3 '
program Frequency 41 9 18 12 85
All .
% 24.8 5.5 10.9 7.3 51.5 3:95
The program  Simulation in  Frequency 51 16 9 2 6 494
QEVG me computer lab % 60.7 19.0 10.7 2.4 7.1 '
etter : P
. Simulation in  Frequency 64 9 3 0 5
11 ‘g}_dseor;:";‘{‘rﬁ'n”gg classroom % 831 117 39 0.0 65
| already All Frequency 115 25 12 2 11 a4
knew % 69.7 15.2 7.3 1.2 6.7
The program Simulationin  Frequency 49 16 12 1 6 4.20
helped meto ~ computer lab % 58.3 19.0 14.3 1.2 7.1 '
12 understand  Simulation in  Frequency 67 10 1 0 3 4.70
new concepts  classroom % 87.0 13.0 1.3 0.0 3.9 '
introduced in All Frequency 116 26 13 1 9 4.45
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science % 70.3 15.8 7.9 0.6 55
The program  Simulation in ~ Frequency 24 4 17 12 27 317
did not allow  computer lab % 286 48 202 14.3 32.1 '
me ;c.) obs_erve Simulation in  Frequency 16 1 13 7 44 3.77
12 S(fie'r:'ges 'Fnor classroom % 20.8 1.3 16.9 9.1 57.1 '
example, Frequency 40 5 30 19 71
plants grow .
or moon Al % 24.2 3 18.2 11.5 43 3.46
phases.
Simulation in  Frequency 58 10 6 4 6 431
The program  computer lab % 69.0 11.9 7.1 4.8 7.1 '
will help me Simulation in  Frequency 63 13 1 0 4
14 get a better classroom y 818 16.9 13 0.0 50 4.62
grade in 0 . . . . .
science Al Frequency 121 23 7 4 10 4.46
% 73.3 13.9 4.2 2.4 6.1 '

Table (42) shows students' responses to the items that measure the usefulness of the simulation
program in science learning. This consists of 14 items; 5 out of the 14 items got mean scores of less
than 4. For example, item No. 7, which measures the students’ preference to use traditional education
without using a computer, got a mean score of 3.28. For students who used the simulation in the
computer lab, the mean score was 3.13 and for students who used the simulation in classroom, it was
3.43. Item 13, which pointed out that the program does not allow observation of scientific phenomena
such as plant growth and moon phases, got a 3.46 mean score; the students who were in the first
experimental group got 3.17 and the students who were in the second experimental group got 3.77.
Item 10, which asks students if they did not learn anything through the use of the program, got a 3.55

mean SCore.

By contrast, 9 out of the 14 items got a mean score above 4. For example, the highest ranked was item
1, which asks students whether the simulation program was good for teaching science; this item got a
mean score of 4.47. Students who used the simulation in the computer lab got a mean score of 4.45 and
students who used the simulation in classroom got 4.48. Next was item 14, which asks if the program
helps students get a better mark in science. This item got a mean score of 4.46; the students who were
in the first experimental group got 4.31 and the students who were in the second experimental group
got 4.62. Item 12, which measures the usefulness of the simulation program in helping students to
understand new concepts, got a mean score of 4.45. Students who used the simulation in the computer
lab got a mean score of 4.20 and students who used the simulation in the classroom got a 4.70 mean

score.
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In conclusion, the questionnaire shows that majority of the students had positive responses to the
usefulness of the simulation program in science learning. Also note that the students’ responses show
that the simulation program made them love learning science and also that they prefer to use the

simulation for learning science, as shown in items 3 and 5.

6.9.2 Students interviews to discuss their opinions or impressions about using simulation
software in science learning

After finished the distribution and receipt of usability questionnaire, the students’ interviews were
conducted after the completion of the intervention with two students from each experimental group (16
students in all), each student interview took not more than 15 minutes and the interviews were
conducted in Arabic language and then the responses were later translated into the English through
professional translation company - subsidiary to Kuwait University. Three topics were focused during
the interviews that are; students’ tendencies toward technological devices, students’ opinions on using
simulation program in learning science and students’ preferences between using a simulation program
or traditional lab science for conducting scientific experiments. Under each topic there were some
prepared questions and during the interview appear new questions by listening to the interviewers’

responses in order to get more information or examples from interviewers.

Topic 1: Students’ tendencies toward technological devices

The aim of this topic was to find the students’ trends and their interest in using technological devices in
their own lives. The students were asked the following question: “Now in the market there are many
kind of technology such as computers, iPod, iPad, and smart phones. Do you think it’s interesting to

use them?

The students’ answers let you feel they know all kinds of the technology, where everyone has a
computer at home, and like using it especially when they play games and sometimes when they print
out homework (which is rare). Fahd is a student, who revealed: “I know very well how to use the
computer, better than my father does in terms of printing, saving files and others”. The majority of
students who were interviewed had iPod devices at their disposal. Saad was a student who had gotten a
low mark in the exam, but said: “I like using computers very much and I enjoy playing games on

computer”.

Lateefah said “I like to use the computer laptop to solve homework, in addition to games”.
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Everyone, without exception, liked and enjoyed using technology especially computers, some of them
say “I like to use internet but my dad prevents me to using the internet on my computer any time"

which meant there was a willingness and tendency to use the technology.
Topic 2: Students opinions on using simulation program in learning science

The aim of this topic was to find the students opinion - for both students who have got high and low
marks in the test - through using simulation program to explain the lesson objectives, where been asked
the students the following question: You’ve dealt with the ICSS program, what do you think of the

program in terms of explaining the science topic objectives?

Firstly the interview was conducted with students who have got high marks in the test. They confirmed
that the simulation program is excellent in displaying the topics and natural phenomena, as it helps
them to focus on the main objective of the lesson and observe the finer things that are difficult to notice
through traditional experimentation, it also assists them in looking for the scientific fact. For instance,
when the program displays a topic about the digestive system it evoked many questions that would not

have arisen through the traditional method of using pictures in textbook or static models.

For example Khalid, one of the students, said: “I often ask my teacher but through using the program a
lot of concepts became clearer for me, such as the concepts of the digestive process, saliva, enzyme and
oesophagus. They became clearer as a result of displaying these concepts in a vital and dynamic way,
and now | can know the concept of any device or an organ in the human body by clicking on the
definitions button or moving the mouse to the organ. So I don’t need to ask teacher to know or

understand these concepts”.

Researcher: If the teacher asked you: do you prefer using the simulation program or a textbook for

learning science, what would your answer be?

“Absolutely, I select simulation, but with new computers. The computers in the school are very old and

always stopped or there was no voice sometimes, with the program not working”, he said.

Hamad confirmed Khalid’s words and says “the program has helped me a lot to answer the worksheet
without referring to the science teacher or help from one of my colleagues, but because of the age of
the computer model there were many computers that didn’t work, so some of my colleagues were

sitting watching me”.
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Hoda, another student, said “when I used the program with my colleagues, we were facing difficulties

in dealing with the program. But, after we used it several times it became easy to deal with it”.
Researcher: Are all your classmates familiar with the simulation program in the computer lab?

HODA revealed: “not all of them, but for some of them the computer is not working. For some of

them, the screen is not working and then the teacher allowed them to sit with other students”.

Same question were repeated but for the students who have got low mark in the test, but in a slightly
different format, where been asked the students the following question: You’ve dealt with the program
on the computer, what do you think of the program in terms of explaining the science lessons’

objectives? If your answer is positive, why is your grade low?

Jassem, one of the students who got a low grade, says “the program is excellent and demonstrates the
scientific concepts of lesson like connecting electric circuit in series or parallel and the difference
between them and my marks are low because | knew that the test was not included in the scientific
achievement [not formal] and it was limited to measure our experience through using the simulation

program” Saad is compatible with Jassim's words.

Researcher: How do you know that the test is just to measure the effect of the simulation program in
science teaching?

Jassem said, “Me and my colleagues told our science teacher that we didn’t study well for the test,
because she didn’t tell us about the exam, and then she told us this test is just for testing the simulation

program not formal”.

Ali and Metab, students who did not originally like science, now enjoy dealing with the simulation
program in learning the subject and they are entertained while using this program, in addition to

recommending using it.
Researcher: you mention that you enjoyed using ICSS. Can you tell me why your mark is low?

They said we were not informed with the test and it was unexpected, actually this is the general opinion

of those who have low marks in the test.

All students involved in the interview believe that the program is excellent, but strangely, the majority
of them knew that the result of this test would not be included in the final marks of the certificate, when

the teachers were asked “why you informed them?”, the reason for this action is that teachers were
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afraid of the parents’ reactions if they are not informed about results to the tests that their son /

daughter took, especially when the student tells his parents he was tested today.

Topic 3: Students’ preferences between using a simulation program or traditional lab science for

conducting scientific experiments

The aim of this topic was to find the students’ preferences between using a simulation program for
conduct the scientific experiment and using the traditional real science lab. The students were asked the
following question: “Do you prefer using the computer simulation or the traditional science laboratory

in conducting the experiments?”

Some students prefer the combination of both, but they have a tendency to use the computer laboratory
because some experiments need materials and equipment that are not provided at the school in the
traditional laboratory. Therefore, the science teacher in the traditional science laboratory conducted one
experiment in front of all students as a result of the lack of materials or lack of time. Ahmed says that
“I cannot see the experiments that are conducted by the science teacher, because of the large number of
students around the table in the laboratory”. Khaled revealed that “we conduct some experiments in the
form of groups and there are six or more students in the group, only one or two conduct the experiment

and the others are just looking and there is no chance to ask the science teacher”.

Hoda prefers computers because “I conduct the experiment without any fear of making any mistakes
and thus can repeat the experiment another time without causing any damage to the materials”. She
added ““in the real science laboratory some of the materials can only be seen by the naked eyes without
touching them, even as not to cause any damage or a problem and then the science teacher would be

responsible for this problem”. Lateefah agrees with her.

Jassem said: “I do not prefer the real science laboratory, as I feel bored. | enjoyed dealing with
simulation software to watch experiments” Ali said: “we do not go to the science lab a lot and do not
do experiments. We only see what the teacher’s do in the experiment and usually it is not clear and

boring, but the program is good and I prefer to use it”.

The aim of this question was to understand the opinion the students had about the program and if it
changed during the experiment. Some students prefer using both computer and real science
laboratories, but they tend to use the computer more as some experiments need materials and

equipment that are unavailable at the school. The teacher performs one scientific experiment before the

193



students, due to absence of materials or because of a shortness of time and therefore some students may

not see the experiments clearly.

6.10 Research question 8: Teachers’ experiences with using the simulation in the teaching.

Analyses of interview

The participants included all the eight science teachers participating in the study. The teachers were
interviewed twice. The first interview was conducted before the experiment started—i.e., before
simulation intervention — and the aim was to gather personal information from the teachers, in addition
to their attitude toward ICT in education. The second interview was conducted after the experiment

finished—i.e., after simulation intervention.

Seven topics were focused during the teachers interviews that are; science teachers’ perspectives’ of
using ICT in education, the students’ feelings while using ICSS through teachers’ observation,
simulation program influence on students’ understanding of the science topics, usability of simulation
for teachers in science teaching, external factors that affected on the efficiency of the simulation
program usability and finally teachers’ impressions of differences between using the simulation
program or the traditional method in teaching science. Under each topic there were prepared questions
and during the interview appear new questions by listening to the teachers’ responses in order to get

more information, explain or examples.

All the science teachers preferred that the interview not be recorded; the reason for this is the culture
and nature of Arab and Islamic society. Consequently, the researcher had to take hand-written notes to
write their responses to the interview questions. Each teacher was interviewed for about 30 minutes.
The interviews were conducted in Arabic and responses were later translated into the English through

professional translation company - subsidiary to Kuwait University.
6.10.1 Science teachers’ interviews before experiment

Data about the eight science teachers are presented in Table 43. We see that all of them have
International computer driving license (ICDL) and they have same qualification - bachelor in science
teaching. As can show that there are differ between science teachers' experiences, the cause return to

comply with the conditions that require there a one science teacher teach two science classrooms in the
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same school (one's be experimental group and other control group) and availability of suitable

computer laboratory

Table 43
Science Teachers Personal Information
_ Years of Experience
. Fictive . . . Teacher .
N Intervention Nationality teaching e . in computer
Name . qualification L.
experience applications
1 Amirah KW 8 Bachelor
2 Use Elham Egy 13 Bachelor
simulation
3 in Computer Marwa Egy 8 Bachelor All of them
= A Kw 1 Bachel have
4 >raa 0 achelor International
t
Madeha KW 10 Bachelor CO”TF’.“ er
5 driving
license
Suaa’d KW 6 Bachelor
6 Use (IcpL)
simulation
7 in classroom Aydah Egy 9 Bachelor
8 Nohad Egy 14 Bachelor

Note. KW= State of Kuwait, Egy= Arab Republic of Egypt (anonymous names for teachers)

Topic 1; Science teachers’ perspective of using ICT in education

The first topic is the science teachers’ views about using ICT in education in general and specifically in
science education. The teachers were asked the following question: “In your opinion, does the available
technology make it possible to promote and improve the teaching process and learning in general, as
well as, promote and improve the teaching and learning of science in elementary school?” The question
had a ‘hidden’ purpose in gaining information about the teachers’ attitudes toward the use of ICT in

education.

All teachers supported the significance of ICT in education, and in science, and gave answers with
many common elements. Amira said “that the way computer applications today have been developed,
means every teacher can use their own program without the need of a technician or specialist. So the
applications of computer can be used to improve learning process for explaining in general and for the
science subject in particular, as this subject includes many images and experiments that can be

displayed for students, especially the experiments that are difficult to be applied and explained in the
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classroom or laboratory, which can take a long time”. Asked to give examples of experiments that are
difficult to apply, she responded “I mean sometimes it is dangerous for the students in primary school,
such as the natural changes of the matter, we should use the fire. Also, when we teach about the moon
phases or motion, | have to use only static picture to explanation the lesson. Through the animation or
simulation program of the computer, the students can observe many things that they cannot observe in

a static picture”.

Souad, another teacher, confirmed her colleague’s words with “the great development in technology
makes the combination of technology and education much easier, especially in sciences. And since the
computer has been characterised by its small size and light weight, it is easily carried whether in the
class or laboratory”. She added that “another advantage of using the computer in education is the large
applications and programs that run audio, video, remote control, and its accessories like Data Show

devices”.

Nohad believed that the whiteboard and student textbook cannot stand alone without using technology
in education; the reason for this, she said, is “because the traditional teaching methods are unable to
help the student understand the science topics, especially with the abstract concepts”. Asked her to give
examples or explain this what mean by say "traditional methods are unable to help the student
understand the science topics or abstract concept", she responded “Yes, for example of the pollination
process" by saying that it “takes place within the flower and it is not possible for the student to see how
the pollination process occurs”. Thus she added “we have to use static picture to explain, and we offer
an opportunity to use the imagination to the students; so the understanding of the pollination process
depends on what the student absorbed through the oral explanation of the lesson. So technology

contributed effectively in the learning process”.

Madiha found that introducing the technology as a computer software on education process as an
educational tool is not difficult or strange to students, she said that “nowadays students in the primary
stage are using and talking the language of computers as a result of the engagement of technology in
their homes, before engagement in schools, so it wouldn’t be difficult for the student to deal with

computers as an educational tool in school or at home”.
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6.10.2 Science teachers’ interviews after experiment

The aim of this interview was to consider science teachers’ observations during and after experimental
implementation through using ICSS. They were first asked about students’ feelings while using ICSS

through teachers’ observation (this is represents the topic 2)
All teachers reported a positive atmosphere among the students.

Amira, for example, said “I faced in using the simulation program in the computer lab. However, after
explaining the subject to students with this program, they were very amused while using this program
in the computer lab”, and Esraa confirmed Amira’s words, saying “that the students were very happy
with the new method and most of them wondered if they would keep using this program in learning
science”. Asked them, as you used the blended learning method in the computer lab; If you had the
choice to select between traditional teaching (i.e. mass instruction) and the blended learning method

with a simulation program, which would you prefer and why?

Esraa revealed that “the use of blended learning is good but needs efforts and skill by the teacher and
the student, and also because of the number of students needs an assistant teacher to help in answering
the queries of students. So | prefer to use the traditional teaching method with the simulation as a
supplement and supported educational tool”. Marwa added that “the blended education devoted the
second half of lesson time’s to the student to deal with the simulation program individually (solely) in
trying to make the student constructs new information by himself, but what is happening is that half of
the students were asking a lot about how to run the program more than those asking about lesson
objectives, therefore , the time allotted for students to learn through the simulation program was
majorly consumed with questions relating to the program.” She asserted “I think that because of weak
computer skills, | prefer to use the program with the traditional teaching method in the classroom
where students can be controlled better than the use of the computer lab”. Amira supports the words of

Marwa.

The teachers who used the simulation program in the classroom (Exg2) were consistent in their
answers with the predecessors with regards to simulation (i.e. the science teachers in Exgl) as they
found the pleasure and entertainment in students’ eyes. Madiha says “the program has attracted the
students, so you cannot find any disturbance in the classroom as they concentrate on what the program

has been showing”.

Topic 3: Simulation influence on students’ understanding of the science topics
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The aim of the third topic is to look the effect of simulation program on students’ understanding of the
science topics that are taught in the current study, through the teachers observation and their reports
about the students during lesson. The teachers were asked the following question: “Through your
observations during the experiment (i.e., using simulation in computer lab or classroom), to which level
has this educational method affected students’ understanding of the science subject compared to the

traditional teaching group?”’

The science teacher answers in both groups--i.e., those who use simulation in the computer lab and
those who use it in the classroom--indicate that the simulation program makes new concepts clear when
they are displayed on screen, and the students become more motivated to engage in the lesson, so they
asked many questions; this means that they were comparing their pre-knowledge about the topic with
what they know now. Such as the what Elham teacher say the she looks satisfied about the influence of
using this simulation program, she says “this program could display the concepts that can’t be clear or
seen by the naked eyes (such as electric current, (+&-) molecules, digestive juice in the human body,
blood flow from the heart to the body through artery, and blood back flow in veins). Through using this
program, students can learn the concept of blood flow in the body clearly, unlike the traditional
methods of explaining these subjects orally where the student used to conceive or imagine the concept
as he understood, but this program doesn’t let students imagine what the concept may be”. She added,
“The simulation program is displaying experiments without causing any damage to the student or

environment, or asking students to go outside [unsafely place].”

Amira teacher confirmed Elham’s teacher thoughts, and said “in traditional teaching, the teacher asks
students and tries to motivate them to engage in the lesson, but the simulation program already raises
many questions in students’ minds about the lesson topic and its objectives. So the students compare
between what they have seen in the simulation program with their previous experience [pre-concepts or
pre-knowledge]”, and she goes on to say “through using this program the students started to ask me
before | ask them such as; how and why and what if? And these questions from students make the
lesson much more enjoyable and they can learn the concepts and the aim of the lesson clearly and

quickly”.

Esraa teacher added good point, and said “through the worksheets distributed to students during the
class, the student referred to the program to answer the worksheet, and this method assists the students
who are embarrassed about asking questions in front of their colleagues, so they use the program to get

the answer from it”.
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The teachers who have used the program in the classroom have the same words as their colleagues who
use the simulation in the computer lab. Aydah teacher said that “after using this program, I saved some
time to review the lesson and the students became more concentrated on the classroom as a result of the
amused way of displaying the natural phenomena and scientific topics by using simulation program”.
Madiha revealed: “after the completion of the scientific concepts through using this program, | find
that most if not all students have participated effectively in the classroom, whether in answering the

oral questions or worksheet; unlike the traditional teaching way”.
Topic 4: Usability of simulation for teachers in science teaching

The usability or the ease of use of the simulation program for teachers and students in teaching science
from the perspective of teachers during the lessons was aimed of this topic. The teachers were asked
the following question: “Have you found the program complicated for you as a teacher and for your

students as well? If yes, what is the difficulty?”

The majority of teachers confirmed that they had no difficulty in dealing with the simulation program,
especially because of the accompanying guide-booklet (see Appendix 23). But teachers such as Nohad
and Elham said: “the simulation program is easy to work with it, but the problem is if something
happens in the computer and the program does not operate we cannot fix it or know what is wrong, so
we ask help from others and this costs lesson time”. Asked them is the deal with computer application
difficult or the simulation software itself, Nohad said” I am work and use in word-process and excel
software in good way, but if the computer is not working or need restart or stop or hung suddenly 1

need help I cannot fix it" Elham answer such as Nohad response.

The teachers who used simulation in the computer lab said “there’s some difficulty for students,
especially in the first lesson as the simulation program is new for them but afterwards some students

become familiar with using it but others need help”.

This question shows that there is a failure or weakness in dealing with computer skills, whether by
involving teachers or students. All teachers who used the computer lab mentioned, through the
interview, that the simulation program in general is easy to use, but it may be difficult for students.
Amira said, "I think the poor quality of the computer in lab impacted negatively on used simulation
program in an appropriately way in a student’s especially" Esraa said, "majority of the students in the

computer lab need help to use the program and this means that students lack the necessary skills to
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work with computers, and that they have a weakness in reading the instructions or terminologies on the

computer screen"

Teachers who use the simulation program in classroom do not feel that it is fit for students because
teachers only use it.

It was indicated that there is a difficulty in dealing with the simulation program by some teachers and
students especially of who used simulation in computer lab and these impacted on their result of

measurement tools of the current study.
Topic 5: External factors that affected on the efficiency of the simulation program usability

The aim here is to find if there any external factors that may have affected the efficiency of the
simulation program usability during its use in the current study. The teachers were asked the following
question: “Are there external factors (except the ICSS program) that may have affected the efficiency

of the program and its level of benefit? What are these factors and what are your recommendations?”

The teachers who used the simulation in the computer lab had many answers that were similar about
the external factors that they believed had impacted the simulation program and thus to the result.
These factors were; first factor was the place (i.e. computer lab place): all teachers who use computer
lab agreed that, because the computer laboratory is linked to (or follow) the Computer Department,
they found it sometimes difficult to get access to the lab for science teaching, because all the students
in the school use it. For example Esraa said, "I cannot enter or freely access the computer lab, and
because of this | cannot prepare for a lesson, such as check the computer operation, program, etc." And
this caused a problem in applying the third lesson (electric circuitry) for most. Some science teachers
said about the third lesson: “When we wanted to start teaching the third topic, we were surprised that
maintenance (formatting computer) was done to all computers in the laboratory, thus the simulation
program was not working properly. Therefore, we tried to use our laptop computer to teach the third
topic and we used a few of the computers in the laboratory that can present the ICSS properly.” So, this
topic was not applied properly, and this affected the outcome of the study in this phase of experiment.
Second factor was the design of computer lab; technically, the labs were not appropriate for use as
computer labs, due to large windows that impact the visibility of the computer screen to students
through rays of the sun. Marwa said, "with the presence of curtains, but still the light effects in a

clarity of simulation or animation which show in computer screen because of the large of windows”
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The third factor was that the computer Windows and software were old: due to the fact that these
computers are used specifically for the curriculum of computer studies and its primary applications,
they use Windows 2003, which cannot host the relevant programs that this ICSS program required.
Electrical extensions (wiring) in the computer laboratory also been as a fourth factor; they are old and
they obstruct the learning process or teachers’ movement. The fifth factor was a computer devices’ life
which be the important factor; teachers mentioned that the computers are very old and slow to open,
and in most cases, they crashed. Lack of data show came as sixth factor: all teachers agreed that there
are no upper monitors or periodic maintenance of devices by the ministry. seventh factors was the way
of distributing the computer tables and finally, lack of technical help available for any emergency in the
computer laboratory was eighth factor; they mean any technical problem with the computer, printer, or
display, they do not find any one (technical man) to fix it.

They all proposed there should be a computer laboratory for the science department, equipped with the
most modern computers to use the applications of modern programs (such simulation). They also
requested an upper monitor, big screen and remote control in order to help the teacher to move easily
while teaching the lesson or to equip the science lab with five to 10 computers. Also, they proposed
that the program include the natural phenomena and all topics of the subject that exist in the student
science textbook, because the significant role of this program in explaining and displaying the lesson
objectives easily and effectively, which the student book can’t explain and display these objectives

alone.

The science teachers, who used simulation in the classroom such as Aida teacher, said “since I used my
own laptop, | didn’t face any problems in running this program, but the main problem is that there’s no
upper monitor in the classrooms, and this problem has been resolved by using the showroom of the
school” (see the picture in Figure 35). Madiha says, “I used the data show which exist in the computer
lab to overcome this problem”, while Ms. Mariam revealed “due to the significance of this program
and to overcome the problem of lack of data show as well, I using the alternative screen which is a 52 —
inch screen TV and hung it on the wall of the classroom” (see the picture in Figure
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Figure 36. The TV screen used in traditional science lab. As used by Mariam

And they all suggested installing a data show device in the science laboratory and in the case of high

expense, it would be at least a data show device for all subjects.

The purpose of this question is to know whether there are external factors affecting the outcome of the
aim of using the simulation program. The teachers who have used the simulation program in the

computer lab indicated the problems they faced and believe that it affected the results of the current
study.
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Topic 6: Teachers’ impressions of differences between using the simulation program or the traditional

method in teaching science

The aim of this topic was to look on teachers’ impressions of differences between using the simulation
program and going back to traditional method. Teachers were asked the following question: “In
general, after your experience in the current study, if you were asked to choose between using the

simulation program (or similar programs) or traditional teaching, what would you choose? And why?”

All science teachers preferred to use the program, but two who were involved in the first experimental
group (using simulation in computer lab with the blended learning method) said “Yes, I prefer to use
simulation but as a supplement to the traditional teaching method.” They gave as the reason, “There is
not enough time during the lesson to give students time to self-learn, and students always ask for help

and you can imagine dealing with more than 25 students in the lab?”

Amira and Esraa said, ""using the simulation program is a good thing, but the students are accustomed
to listening and receiving information. Yes we need such a simulation program to make students more
active, but using the simulation program as a complement to the traditional teaching method is better
(until the students are able to learn how to search for knowledge by themselves). It will take time for

students to gain and acquire skills of learning by themselves."

All science teachers without any hesitation said that the program played an important role in motivating
students’ tendencies to know how the natural phenomena occurred through the animations, especially if
the student is able to control the phenomenon, and predict what will happen in the future through the
display of these animations.

In addition to the usage of educational method such as the mass or cooperative learning, self-learning
and others in the classroom, these programs can be used at home to help the students to conduct
scientific experiments without any fear of carrying dangerous materials or equipment, especially for

students at primary stage.
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CHAPTER SEVEN: DISCUSSION OF RESULTS

7.1 Introduction

The current study was designed to determine the effectiveness of using ICSS within two different
learning environments of primary school education, and to compare the findings with matching control
groups. The first experimental group (Exgl) used simulation in a computer lab with blended teaching.
The second experimental group (Exg2) used simulation in the classroom in support of traditional
education. The control group (Cg) used a traditional teaching method without computers. The effects of
teaching intervention were investigated by looking at the students’ academic achievement tests,
conceptual change or understanding, and their attitudes towards science. In addition, the research
investigated the opinions and experiences of the science teachers and students who took part in the

experimental groups.

The intervention consisted of three science topics: Food Chain (FC), Circulation & Digestive System
(C & DS) and Electric Circuit work (EC). This is the first study of its kind in Kuwait, and the use of a

simulation program to teach science in primary education is new for both science teachers and students.

This chapter presents a summary of the results, followed by a discussion on what was learned from the
current study, and how it may contribute towards the development of research and practice in science
education, both in Kuwait and more widely. In particular, it assesses how computer simulations can

make a positive contribution to science education.
7.2 Summary of the experimental groups outcomes

After analysing the data, the conclusion shows the research hypotheses were only partly accepted.
Specifically, in terms of improving the students’ academic achievement, or their attitude towards
science teaching and learning, the data revealed there was no statistically significant difference between
the first experimental group (Exgl), which used simulation in a computer lab with blended teaching,
and the first control group (Cgl). The results showed a small improvement in the conceptual
understanding of students who used the simulation program. However, the data showed there was a
statistically significant difference in both academic achievement and attitudes towards science teaching
and learning in the second experimental group compared to the control groups. This second group used

simulation in the classroom to support traditional teaching techniques. Furthermore, the results revealed
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there was an improved understanding of particular targeted concepts in the experimental group

compared to the control group.

Through interviews with both teachers and students, it seems clear that the majority of students in both
experimental groups enjoyed using the computer simulations. They became more engaged in the

teaching process and motivated to learn science.

The current study is considered the first study of its kind in Kuwait, as it looks for an alternative to
using a real science lab while engaging in practical work. There are obstacles in primary schools that
prevent the implementation of practical work where students can conduct scientific experiments.
Interactive computer simulation can be used to overcome these obstacles, thereby allowing some of the
goals and objectives of practical work to be achieved. Furthermore, this study can provide evidence to
decision makers and planners in the Ministry of Education of Kuwait that using new methods to teach
science — such as interactive simulation software or educational technology programmes — is beneficial

to learners.

After conducting the experiment with the measuring tools and gathering the data, an analysis of the
results of the hypotheses showed the following -

In terms of the first hypothesis there was no statistically significant difference at the 0.05 level of the
academic achievement between students who used simulation in the computer lab (Exgl), and those
who followed traditional teaching methods (Cg). Although there was a noticeable improvement in
favour of the experimental group using the simulation software in the second lesson, | expect there
would have been a difference in the third lesson because students and teachers would have attained
mastery over the teaching method by that time. However, teachers and students in each school using
simulation in the computer lab faced a number of problems. For example, the computer lab was not the
responsibility of the science department (i.e. the science teachers could not access it freely) and there
was a defect in the program, as computer maintenance work occurred during the mid-school year
holiday without the knowledge of the science teachers. This resulted in the rejection of the first
hypothesis. Although there was no statistical difference in the results, however there was a very small
improvement in effect size between first experimental and control groups at the posttest in the
academic achievement in favour of students who used simulation in the computer lab (Exgl) in second
topic (Circulation & digestive system topic), compared to those who followed traditional teaching

methods (Cg). While there was no effect size meaningful according to of Cohen’s standard in both first
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and third science topics. But the effect size within the groups (pretest - posttest) was above 0.3 and this

is normality according to Hattie (1999).

In contrast, in the second hypothesis, the findings proved that significant differences in the results
support the claim that students who used the simulation program (Exg2) performed better in academic
achievement tests than students who were exposed to traditional teaching methods (Cg). This is
because of two factors. First, the teaching method did not change for the science teachers, and second,
they were supported by the use of the simulation program as a new educational tool and had already
mastered the use of a traditional educational environment. Therefore, there was better control over the
classroom when the simulation software was used. In addition, there was a difference in the average
effect size above 0.3 (0.38, 0.39 and .035 sequentially for the three topics) which is slightly less than
the medium according to Cohen’s standard scale between the two groups in favour of the second
experimental group and this consistent with what have been found in Hattie's (1999) meta-analysis in

effect-sizes in computer use in learning such as simulation.

The results also refuted the third hypothesis. The hypothesis claimed there would be significant
differences between the two experimental groups (Exgl and Exg2) in favour of the first experimental
group (Exgl). The hypothesis suggested students in the first experimental group would perform better
in academic tests, because the new teaching method would give students the opportunity to engage in
self-learning and become more active through using the simulation program under the supervision and
guidance of a science teacher. The reasons for the rejection of this hypothesis were the same as for the

rejection of the first hypothesis.

Regarding the fourth hypothesis, there was no significant difference between students who used the
simulation in computer lab and students who were exposed to traditional teaching methods. However,
the findings did show that understanding and conceptual change was better in students who used
simulation in the computer lab, compared to traditionally taught students. This was particularly
noticeable in students studying topics on the circulatory and digestive system (C & DS) and concept of

the “artery”.

There was also evidence in the second experimental group of a difference between students who used
simulation in the classroom, and those exposed to traditional teaching, in terms of their understanding
and conceptual change. Students who used simulation in the classroom showed improved results

compared to those who were exposed to traditional teaching. This was particularly noticeable in the
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lesson on the electric circuit (EC) and the concept of the “electric current”. Therefore, this hypothesis

was supported.

The fifth hypothesis was rejected. This proposed that students’ attitudes towards learning science would
positively increase in favour of those using the simulation in the computer lab (Exgl), over those being
traditionally taught (Cg). The results indicated there were no significant differences to support this
hypothesis. On the contrary, there were significant differences in the second experimental group, in
students’ attitudes toward science teaching and learning. Attitudes positively increased in favour of
students using simulation in the classroom (Exg2) over those who studied science by traditional

teaching methods (Cg).

As for the sixth hypothesis, analysis of the results indicated significant differences in the attitudes of
students towards science teaching and learning. These were in favour of the students who used the
simulation in the classroom (Exg2), over students who used the simulation in the computer lab in the
first experimental group (Exgl) in part A, in relation to ‘learning science at school’. On the other hand,
there was no significant difference between the two groups in part B, ‘studying science in the future’.

Therefore, this hypothesis was accepted given the importance of Part A in the questionnaire.

The validity of the seventh hypothesis was verified from using the usability questionnaire results. The
analysis showed that the response of students (in both experimental groups) regarding their opinions
and satisfaction with the simulation program, and its benefits in learning science and illustrating
scientific concepts, was very positive. To support the results of this questionnaire, interviews were
conducted with all science teachers who took part in the study, and with some students in the
experimental groups. The results of interviews with the teachers supported the students responded in
usability questionnaire, where the teachers observed that, when the simulation program was used,
students enjoyed learning about the scientific topics.

The teachers taking part in the simulation in the computer lab (Exgl) faced certain problems
concerning the teaching method and technical matters. However, this did not prevent them from
acknowledging that the simulation software motivated and encouraged the students to ask questions.
This indicated that the simulation software increased student involvement and engagement in lessons
(i.e. in the educational process) compared to traditional methods. The teachers added that the
simulation program addressed certain negative behaviours, which appear when the traditional method
is used, such as fear or embarrassment on the part of some students when asking questions during the

lessons. Therefore, when students used the simulation program they could have their questions
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answered without feeling self-conscious. Thus, the teachers supported the use of the simulation
program; with the condition that suitable space and all tools (i.e. a separate computer lab for the science
department) are provided. They preferred to use simulation to support traditional teaching in primary

schools.

The students reported that they had enjoyed using the simulation program, as it explained and clarified
many scientific concepts they had previously found confusing. On the other hand, they also reported

some difficulties in dealing with the computer simulation.

Before discussing the findings of the hypotheses, the strengths and weaknesses of the current study
should be reviewed. In terms of strengths, it is considered to be one of the few studies in Kuwait — if
not the only one — that has used three different groups from the same educational environment for
comparison (i.e. grade 5 in primary school), including two experimental groups (see figure 17 and 18)
with two different educational or teaching methods against a control group. The aim of this approach
was to obtain acceptable, reasonable results that could be used by decision makers and educational
planners in the Ministry of Education of Kuwait, to determine the extent to which simulation software

is suitable as an alternative to a real science lab in teaching science.

Although steps were taken to ensure objectivity and accurate results when designing the study, there
were points of weakness. Some elements or factors may have affected the results when it came to
verifying the validity of some of the study’s hypotheses. For example, for simulation in the computer
lab (Exgl), the computer lab used was not under the control of the science department. Moreover, the
computers were old, with older operating systems, and no technician was available to repair or
troubleshoot problems with the equipment or programs. All of these points affected the ability of the
simulation program to operate in a suitable way for the first experimental group from a technical

perspective.

Another element that affected the results, relates to the teaching method. A blended teaching method
(i.e. a mixture between a traditional teacher-centred style and a constructivist student-centred one) was
applied in the first experimental group. This was a new teaching method for both science teachers and
students. Therefore, they could not fully engage in the new style because they were accustomed to
traditional teaching, and it took time to master the new blended teaching approach. In the second
experimental group (Exg2), where students used simulation in the classroom, the lack of computers and
equipment to demonstrate the data in the classroom and science lab affected how the simulation

software could be used in a suitable or appropriate way. Finally, the age of the target sample of students
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in the current study (10 years old) may have affected the results, as it was possible the participants did

not take the tasks seriously when it came to completing tests or filling in questionnaires.

The lack of previous studies, and their limitations, in both Kuwait and other Arab countries, that aimed
to investigate both the effectiveness of computer simulation programs in the academic achievement of
primary school students, and attitudes towards science teaching, may also have affected the results.
This study’s adopted approach has only been used in foreign studies (i.e. students from Europe [the
UK, the Netherlands], the United States and East Asia [Malaysia, Singapore]). Evans (2002) stated that
academic achievement differs between countries; therefore, it may not be correct to use foreign

standards to look at the performance of Kuwaiti students.
Thus, many valuable conclusions can be drawn and lessons learned from the results mentioned above.

Important questions to ask are; first, what factors contribute towards making simulation an efficient
tool for science teaching and learning and, second, to what extent are computer simulations a solution
to the reform and development of science education in Kuwait. The discussion will start by looking at
the first of these questions. During the study four factors have been established. These will be presented

in turn.
7.3 Teacher computer skills and technical help

A key factor affecting the use of computers is the technical skill and/or the assistance required when
something goes wrong. The teachers who participated in this study were all experienced teachers, with
eight to thirteen years of teaching experience. All had obtained a certificate in the Information
Computer Driving License (ICDL) see tables 11 & 13 in chapter four.

The teachers, however, had little or no experience of using computers in teaching. Though a computer
lab was available in the school, the science teachers (and other teachers) were not allowed to use it. The
lab was only for teachers in the Computer Learning Section at the school.

Obviously, if teachers do not have practical experience of using a computer over a long period - i.e.
using a computer in their field of study - they will lose their computer skills and not keep up-to-date
with computer applications and software. This lack of current practical experience may have affected
the result of the experimental group who used a simulation program in the lab, as they faced a simple
technical problem they could not solve. An additional shortcoming was the lack of encouragement to
set-up training courses for the in-service teachers, and to train them in the latest software and new

teaching aids.
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Due to a shortfall in the number of Kuwaitis majoring in science education, and a lack of science
teachers, the MOE recruits science teachers from other countries where socioeconomic, educational
and living standards are much lower than Kuwait. Few of these teachers are experienced in using
computers, or own a computer. Consequently, they have limited skills in how to use simulation
software or browse the Internet. If a technical problem occurs during a lesson or experiment they have

few strategies on how to resolve the problem.

Before and during the study I met with the teachers and taught them how to use and run the simulation
programs; they were positive about this. However, during lessons some teachers were unable to help
students solve technical problems. This led to the teachers feeling embarrassed if students asked for
help running a program. Some teachers stated they asked students to follow along with a classmate on
another computer, rather than trying to solve the questions or problem. This lack of knowledge

influenced the teaching method and also the outcome of the current study.

During the interview, some teachers expressed a need for the school to provide a computer laboratory
technician. The science teachers attributed the lack of success of the simulation program used in the
lab, in science education or in any other disciplines, to technicians not being available to help teachers
when technical problems occurred. The existing procedure to call for technical help required the
completion of an application form to make an appointment for a technician to attend and fix or repair
any defect, and this procedure takes time. Installation of the programs in the computer laboratory
(approximately 25 to 30 PCs in each computer lab at the school) took more than a week. Therefore, the
science teachers did not wait until the technicians arrived to fix problems, and this may lead to delays
in the study plan due to the link with the date of final tests. Thus, the teachers reverted to teaching with
the ICSS program. Obviously, the unavailability of technicians to resolve computer problems during
lessons will affect the use of education technology, such as computers, in the teaching process. Huppert
et al. (2002), in their study, allocated one laboratory assistant and one technician for technical
assistance to each treatment group, and this affected the results in a positive way. These results show

that a technician is very important in both computer and traditional laboratories.

In fact, the majority of technical problems affecting the simulation program in the lab, as well as in the
classroom, can be solved if the science teachers have good skills and experience. According to my
experience, when | visited a school following a call from a teacher about a problem with a program or
computer, | observed that the majority of problems were simple, and the problem was often related to

the teacher’s computer skills.
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The teachers also stated that the long period between each topic in the current study (four weeks, or
more than one month), meant both teachers and students forgot how to correctly use the software for
the next topic. The reason for this gap between topics was the simulation software’s inability to model
all science topics, as some topics were difficult to simulate. Therefore, only the three most appropriate

topics were selected in this study. This can be considered a limitation of the current study.

In conclusion, it is very important to focus on improving and developing the computer skills of
teachers, as this might help increase the contribution simulation software can make in science
education. A study conducted by Smeets (2005) found that a teacher’s skills in the use of ICT affected
the outcome of using ICT in class; teachers who were more confident about their ICT skills were more
likely to use skills-based ICT applications in their classroom. Consequently, if teachers have good
skills in using computer applications, such as interactive computer simulation software, these skills
could contribute to the positive impact of its use. However, the problem is not only a lack of the
teachers’ computer skills; teachers should have other related skills, such as how to integrate computers
as an educational tool to teach scientific topics properly and actively. Krysa (1998) suggests that in-
service teachers should be trained to make use of technology and how to insert it into the curriculum,
and further claims that the most important factor is to concentrate on teachers’ understanding of how

that technology is effective in pedagogy.

Moreover, teachers must possess other attributes, such as a positive attitude towards using technology
in teaching; teacher attitude is one factor that affects computer usage. For example, if the teacher has a
positive attitude towards using a computer, this will encourage him/her to develop his/her skills to use a
computer in teaching (Kluever, Lam, Hoffman, Green, & Swearinges, 1994). Harrison and Rainer
(1992) claim that teachers with negative attitudes do not move or work to develop themselves, nor
enrol in courses to improve their computer skills; therefore, they have weak computer skills. They
added that, to solve this problem, teachers’ computer skills should be developed and their competence
increased via training courses to change their negative attitudes to positive attitudes in using a
computer. Thus, providing appropriate courses that develop teachers’ computer skills, and how to
integrate them into the curriculum to improve teachers’ attitudes towards using computers, increases
their level of technological familiarity and knowledge (Krysa, 1998; Afshari, Abu-Bakar, Luan, Abu-
Samah, & Fooi, 2009).

In brief, a good training course for in-service teachers is one that demonstrates the characteristics and

benefits of the computer software, and how to integrate it into the education process (in science or other

211



subjects). This will lead to improvements in teacher attitudes towards the use of technology, and thus

he or she will wish to improve and develop his or her computer skills.
7.4 Technology equipment availability at school (science classroom)

One of the demands from MOE officials for the reform of science education was that science teachers
should use scientific inquiry and practical work to provide students with scientific processes. These
include observation, measurement, setting the hypotheses, and learning the skills needed to conduct
experiments. To achieve this aim, scientific equipment and the appropriate tools should be provided to
science teachers, whether in the classroom or in traditional science labs. However, in reality, there is
still a lack of scientific equipment and tools to achieve this aim, and this has been a motivation behind
this study investigating the use of computer simulations. The computer simulations replace real

equipment with digital (or virtual) ‘manipulatives’ (Triona & Klahr, 2003).

The use of a simulation program, as an alternative to practical work, requires material resources, such
as an appropriate room, modern computers, projectors with large screens for display, and importantly,
good instructional program design. All of these factors, if available in schools, could increase the
success of simulation software in science education. On the contrary, if they are lacking the outcome

could be negative. This was clear on many occasions in the study.

In addition to a lack of updated computers and projectors, other factors that may negatively influence
the use of simulation in a computer lab (Exgl) were revealed during interviews with the teachers.
Assuming the lack of technological equipment (i.e. modern computers and projectors) is solved
through the provision of new equipment, other factors could affect the effective use of a simulation
program. For example, the location of a computer lab and its dependency on a school’s administrative

rules for entry, and whether access is restricted or freely available at any time.

According to the teachers’ statements during interviews for this study, some factors can be conclude
that it may led to negative results through the use of simulation in computer lab (Exgl). Because there
is not computer lab, or equipment such as computer, projectors private to science section, therefore, as
mentioned in chapter four “the intervention” of the current study used the computer laboratory, which
is dedicated to or private to the Learning Computer Section (LCS) and not to the Science Section. A
quick look at the mean scores of the three topics of the first experimental group, who used the
simulation lab, shows the mean score of the second topic was better than the mean score of the first

topic. This might be because teachers and students are familiar with, or have adapted to, using the
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simulation program; therefore, it was expected that students’ learning in the third topic would improve
over the second topic. However, this did not happen. The reason for this, and the cause for this drop in
the results of the third topic, was lacking equipment (i.e. computers and projectors) in the school’s
Science Section. So, | used of a place dependence of the computer lab, where it follows the rules, under
management and control of another department's (i.e., the Computer Section) and not the Science
Section. Therefore, the science teachers did not have control over the laboratory, such as permission or
authorisation for freely available access, or the use of any computer. In addition, the third topic was
conducted after the school spring holiday (two weeks). During this time the computer department at the
MOE (and at all schools) undergoes maintenance work (through private computer companies that a
have contract with MOE). This includes formatting all computers to prepare for the second semester.
This led to the deletion of all previous programs, except basic programs such as Word and Excel. As a
result, when the students came to study the third topic in the computer labs they found that the
simulation program had disappeared from the majority of computers. Therefore, some teachers were

forced to revert to traditional teaching methods, thus affecting the results of this study.

The use of older computers also affected both the efficiency of teaching with simulation programs, and
outcomes of the study, because the older computers are used to teach students basic computer skills.
The simulation programs require new or modern computer software. In addition, the computer
laboratories were not originally intended or designed to be computer laboratories. In terms of space
(computer location), lighting, electrical wiring and the distribution of computers in the lab, all of these
elements obstructed the movement of teachers among the students, leading to negative results in the

first experimental group.

It is possible to conclude from the above that providing modern technology or educational tools in the
computer lab, and allowing science teachers to use these freely, could help produce more positive
learning outcomes and positively impact on the effectiveness of simulation programs. However, from a
broader perspective, we find that this is insufficient in ensuring the success of simulation use. Krysa
(1998) suggests that a limited number of computer labs in a school, and their location far from the
classroom, will lead to limitations and difficulties in accessing the hardware. In particular, the existence
of a large number of students in a class (thirty in total) leads to increased difficulties of physical
movement in a computer lab, and a limited amount of time for lessons, where time may be lost through
movement from classroom to computer lab. All of these factors can negatively affect and diminish the

learning benefits of instructional programs, even if the equipment in a computer lab is modern.
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Chigona and Chigona (2010) conclude that even if high quality technology equipment is available,
other factors may affect the use of computers in teaching. For example, the school administration
should play a positive role in supporting and encouraging teachers to use ICT through the provision of
facilities and to use the technology freely and entering and using any technology available in the school
computer lab or classroom, as well as factors relating to providing enough educational programs for all

topics.

Accordingly, the support, belief and attitude of decision-makers in the MOE towards using technology
in the teaching process, as well as providing sophisticated computers with projectors and large screens

in each classroom, may help the simulation program contribute towards effective science teaching.
7.5 Teacher skills development in science education methods

Officials in the MOE noted and acknowledged that traditional teaching methods are still dominant in
the primary school science classroom (see chapter one, NDCSC, 2011), even following the introduction
of the new science curriculum in the 2008-2009 academic year. Therefore, they asked science teachers
to reform over-used conventional teaching methods, and to instead use ‘constructivist’ teaching by
creating active learning environments to make students more active in science classrooms. To achieve
this change in teaching methods, the role of both science teachers and students should be changed. The
role of the science teacher must change from being the only source and deliverer of information to
students, to that of serving as a guide, advisor, and facilitator of access to information that enables
student learning. The students’ role should change from a passive receiver of information, memorising
facts for tests, to being a researcher, explorer, and observer of information. Furthermore, once they
understand knowledge and concepts they must develop their ability to illustrate the results and

construct the knowledge in their minds, rather than just memorise information.

For the first experimental group of teachers, who used simulation in the computer lab along with
blended teaching, the current study attempted, through the use of a simulation program, to offer an
opportunity for both science teacher and students to change their current role (i.e. teacher = sender of
information and dominant controller in the classroom, and students = recipients). However, as
traditional teaching is rooted in the classroom, and the vast majority of teachers still use traditional
methods, a number of teachers used a method similar to the theory of behaviourism as proposed by
Skinner. This recommends using rewards and punishments as learning reinforcement (Pritchard, 2005).
As noted by the science teachers, this type of traditional teaching method dominates the teaching of

science in primary schools in Kuwait (see chapter one).
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The teachers’ statements - during interview - suggest it may be difficult in a short time to change to the
new roles in a constructivist classroom, where the teacher serves as guide, advisor, and facilitator of
access to information, while the student’s role is that of researcher, explorer, and observer of
information and knowledge construction. To achieve this change, both teachers and students need time
to become familiar with the new teaching style. They must also have the skills and knowledge of how
to use constructivist classrooms (see table 1 in chapter two). Hartel's xyZET (2000) conducted a study
over a two-year period to give teachers and students the opportunity to cope with the new teaching
method through the use of simulation software, and to achieve the study goals of self-learning using

simulation.

Statements of some teachers in the experimental group (Exgl), indicate that the reason for the lack of
success of simulation software in improving science teaching was the large number of students in the
computer lab. The first 20 minutes of lesson time was described as good, because the role of the
science teachers was to demonstrate the use of the simulation program and explain the topic through
the use of scaffolding. However, during the second half of the lesson, when the students used the
simulation program on their own (i.e. self-learning), a vast majority asked for help in finding
information about the topic, and how to use and run the simulation programs. This was due to problems
with the computer technology or a lack of skill in using the computer, and this wasted time during
lessons. The majority of teachers in this group were forced to return to traditional teaching methods,
through simulation in computer labs, and repeat the lesson for the students to gain a better
understanding of the topic being taught. Of course, all of these factors affected the outcomes of the first

experimental group.

Many previous studies have succeeded in their goals by applying constructivist theory to the use of
simulation programs (Bakar & Zaman, 2007; Baser, 2006; Talib et al., 2005; De Jong & van Joolingen,
1998; Jimoyiannis & Komis, 2001; Limniou et al., 2007; Sun et al., 2008; Tekos & Solomonidou,
2009). In my opinion, there are many reasons why the use of simulation programs was a success in

these studies.

First, is the vast difference between the educational environment in the current study (Kuwait) and
other advanced educational environments (Finland, the Netherlands and Taiwan), in terms of
education, culture, and the improvement and development of the education process. Where the teachers
and students still have conventional roles in the teaching process at Kuwaiti schools; where science
teachers are accustomed to being dominant and in control, are only source of knowledge delivery in the

classroom, and where students are accustomed to receiving information and ideas from the teachers,
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this is because a large number of students can save time finishing a topic lesson. Therefore, changing
the role of teachers and students takes and needs a long time, during which teachers will need in-
service training to develop sufficient skills in how to manage classrooms and use various teaching

methods.

Secondly, the young age (10 to 11 years) of the primary school students affected their ability to use or
manipulate the simulation programs. The simulation programs displayed buttons on the screen’s
surface for interaction (buttons for play, back or stop, change variables or values) and these could be
difficult for the young students to use. This will affect how successful the students were in using the
computer simulation, and any benefits gained in their leaning experience. In addition, teachers
observed weaknesses in the students’ ability to read instructions on the computer screen. This caused
students in the first experimental group to ask many questions while using the simulation program in
the second half of the lesson, and led to a loss of time reading through the instructions on the computer
screen. Therefore, | think the reason for the success of the vast majority of previous studies on
simulation programs is that the users were older students (middle school, secondary school and
undergraduate). Therefore, they encountered fewer problems with reading instructions on the computer
screen or operating the keyboard or mouse, reflecting the different abilities between students at the

primary level and above.

In conclusion, with regard to the experimental group that used simulation programs in the computer lab
with blended teaching, a change in the roles of both teacher and student requires a long period of time.
In addition, teachers require in-service training to develop their skills in managing lessons through the
use of scaffolding and discussions in the classroom. Teachers should also learn how to use a variety of
teaching methods within an integrated educational program, and there should be focus on developing
the reading and computer skills of primary level students. Otherwise, applying self-study methods in

order to use constructivism with simulations, or other educational programs, will not succeed.

In contrast, the simulation program made a positive contribution to the results of students in the second
experimental group. Teachers who taught this group used simulation as an educational tool to support
traditional teaching. I think the cause was that the teachers’ role had not changed. They remained the
dominant teacher in the classroom. They were not the only source of information, as the simulation
program served as another source of information in the classroom. The presentation of the science
topics through visual means gained the students’ admiration and attention during the lesson, and made

them more active and engaged with the teacher
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Generally, one shortcoming or limitation highlighted by the current study, in the failure of simulation
programs to improve student learning, was the attempt to change the role of the teacher without

providing training in classroom management in constructivist teaching.

Providing training sessions with an educational basis for teachers increases the advantages of using
technology. It also improves teachers’ knowledge of computers, as well as developing their skills and
confidence. In addition, time management methods in using computers for teaching can present
opportunities to create various methods of teaching, as well improving the understanding of subjects to
achieve pedagogical objectives (Schaffer & Richardson, 2004). These training sessions positively
affect the attitudes of teachers and their views towards using computers in teaching. It removes their
fear of using computers, a feeling Cox and his colleagues called “computer-phobic” (Cox, M., Preston,
& Cox, K., 1999). In Kuwait, the role of the Department of Development and In-service Training in the
MOE is very important, and should play an active role in developing and supporting all teachers in the
use of educational methods that create an active learning environment. In such an environment,
students are the centre and their role should be as a researcher and explorer of information and
knowledge, facilitating knowledge construction in their minds to better understand information, not

simply memorising information.
7.6 Learning science topics by computer simulation software

Many studies recommend the use of computer-based educational programs in science teaching and
present many justifications and scenarios for their use. For example, Leonard (1992) claims that
microcomputer-based technology in science education offers many benefits: it is more economical than
using real laboratory facilities and materials; it saves on instruction time; it makes self-learning
possible; it provides rapid evaluation of student responses and gives feedback; the simulation program
is interactive; it can provide or furnish more concrete representations of abstract concepts through
vision and sound; and it can model events, phenomena or experiments not usually conducted in a

normal classroom.

However, the importance and benefits of using educational computer-based programs - as above shown
- are not inadequate to be factor for educational program success. Hsu and Thomas (2002) conclude the
advantages that simulations bring into the classroom are not reaped automatically, but only come as a
result of good and careful planning during the display of science topics on a computer screen. Thus, the
good design of educational programmes - as simulations in the current study - may be an influential

factor in the success of a simulation program's contribution to science education.
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As mentioned in the theoretical chapter, the simulation software — or any computer-based educational
programme — depends on two senses of the student: the eyes and the ears (dual-channel). Each of these
senses has a limited capacity to receive information. Thus, if there is a lot of information and
knowledge (i.e. words) displayed on the computer screen, as well as images and sounds, students
cannot receive all this information at the same time, rather it will lead to dispersion and a lack of
concentration. This happens because of a lack of coordination between presentation modes (verbal and
pictorial knowledge) and sensory modalities (ears for auditory and eyes for visual). The way of
presenting the topic to be taught, either by pictures (in form of a printed text, static graphic or dynamic
graphic), or in the form of sound (spoken by teacher or automated voice such as the sound of by
computer-speakers) should be consistent and coordinated. Therefore, as Mayer proposed in the
Multimedia Theory of Cognitive Learning (MTCL, 2009), the design of the simulation program is very

important.

Because of a lack of interactive simulation software in Kuwait, the current study resorted to hiring a

specialist company called “EduMedia-science” (www.edumedia.science.com) to produce the

educational simulation programs, including some science topics for primary school level (see appendix
11 and chapter four for further details). The company was hired in an attempt to create an appropriate

program for this experimental study (i.e. ICSS).

According to statements given by the teachers in interviews, and reports during lessons, students in
each experimental group who were exposed to a simulation program were better at conceptual
understanding than students exposed to traditional methods. For example, the results of students who
used simulation in the lab in the "Circulation & Digestive system (C & DS)" test showed they had a
better conceptual understanding than students taught by traditional methods of teaching. The "artery
concept” in the circulation system test was selected as a specific concept to examine the effect of
simulation programs on the conceptual understanding of students. The results of students who used
simulation in the classroom in the "Electrical Circuit (EC)" test showed they had a higher level of
conceptual understanding than students who were subject to traditional teaching methods. The topic of
the "Electric Current” in the electrical circuit test was selected as a specific concept to examine the
effect of a simulation program on student’s conceptual understanding. The results show students who
use simulation, whether in a computer lab or in a classroom, achieve a better level of conceptual
understanding than students taught by traditional teaching methods. However, it should be clear that the

simulation program might clearly show or illustrate some specific science concepts, but not all
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concepts on the same topic or on other topics, as found in previous studies on ecology, genetics and
protein structure (Sherwood & Hasselbring, 1986; Gibbons et al., 2004 and White et al., 2010).

I assume the results reflect the success of simulation software to visualise science topics (see Abood,
2007, p.199; Wellington, 1985, p.60; Wellington, 2000, p.201). For example, the digestive system path
process - i.e. starting from the mouth and ending in the large intestine — O that computer simulation
might be especially useful for helping students see structure in phenomena and processes that are
traditionally invisible to students, such as the electrical current in this study. A process can be invisible
if it is too small (e.g. pollination of flowers), too big (e.g. solar system), too fast (e.g. chemical
reactions), or too slow (e.g. plant growth). Visualisations can make these processes accessible, so
learners can perceive the important structures. Also, de Jong & van Joolingen (1998), in comparing
simulation-based instruction with textbooks and lectures, said that simulation offers the opportunity for
students to learn in a relatively realistic problem-solving environment, through practicing task

performance without any stress.

Moreover, the teachers added that the simulation program made the students more attentive than when
solely exposed to traditional teaching. The practice has been for the teacher to initiate the question, but
once the programs were running, students began to ask about what they observed. Therefore, the

simulation program made students more attentive and increased their curiosity to learn.

In conclusion, the characteristics and features of educational programmes such as interactive computer
simulation cannot automatically offer meaningful learning into the classroom. However, the simulation
program - or any educational programme - requires good design and it should be consistent with the
idea of how students learn, and how the student gets or receives knowledge for it to be efficient in an

educational process (Mayer, 2009).

7.7 Practical implications

According to the findings of the current study, and after reviewing factors that may impact on the
results of the current study, there are several major implications that have significance for both decision
makers at the MOE, and researchers at the local (Kuwait) and international level, in the field of

educational computer-based simulation programs in science education.
7.7.1 Implication for decision makers
The results of the current study attempt to show clearly the potential contribution interactive simulation

programs can make to the reform and development of science education in primary schools in Kuwait.
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To achieve this, the Ministry of Education in Kuwait should pay greater attention in preparing training

courses in response to some of the issues highlighted, and should put these at the top of its agenda.
1- Preparation of training courses for in-service science teachers

The Ministry of Education in Kuwait, through the Department of Development and Training, should

provide the follow training course:

A. An ICT skills training course. This aims to increase the opportunities of science teachers to
be trained in ICT. At the end of this course teachers should know:

a- How to deal with computer software applications,
b- How to fix simple problems they may face,
c- How to use computer software properly in the teaching process.

B. Education methods and educational programmes. The aim of this course is to provide

teachers instruction in;

a- The types of educational programmes (teaching programs such as Drill and

practice; learning programs such as simulation and adventure games),
b- The most suitable teaching method for each type of educational programme.
2- Provide technology equipment in science classrooms

Despite a lack of technology equipment in the classroom and a science section to use for computer
simulation in the classroom with support of school administration. However, this study found that use
of a simulation the positively contributed in the classroom in supporting science teaching. Therefore, if
the MOE provides the necessary equipment (such as modern computers and projectors with a large

screen) | think this may help students learn and understand science topics in a more enjoyable way.

It is financially very costly to provide modern computers with large screens displaying data in all
school classrooms. Therefore, a good solution is to purchase an appropriate number of computer
laptops and projectors for the Science Section. Electrical extensions and connections should also be

provided in each classroom to allow teachers to connect their own laptops.
7.7.2 Implication for further study in Kuwait

Lack of studies in Kuwait (or any in other Arab country with a similar educational environment) in

examine how effective computer simulations are in primary school science teaching. Therefore, we
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need additional studies to determine what factors may support or hinder the application of computer
simulations in science education. As mentioned in previous chapters, the limitations and problems

faced in this study are as follows:

1- The absence (none that I can find) of previous studies in Kuwait, or in other Arab countries,

that have studied simulation.

2- The scarcity of previous studies examining the effectiveness of using computer simulations

in primary school science education.

In addition, several studies covering different cultures and education systems, mentioned in the
literature review chapter, were similar and consistent with the findings of the current study (Akpan &
Andre, 1999; Bilek & Skalicka, 2010; Kiboss et al., 2004; Stern et al., 2008; Sun at el., 2009, Taskin &
Kandemir, 2010). However, comparison with these studies may be unfair for several reasons, for
example, (a) the difference in the students’ level of education (middle school, high school or
undergraduate), and (b) the level of educational development between the current study environment
and other study environments (such as the UK, the USA, Finland, the Netherlands and Taiwan).
Another important reason is that there are no - during my research- studies in Kuwait or other Arab
countries (i.e. similar to the Kuwaiti educational environment) that use simulation within a

constructivist classroom to benefit from its results and to avoid its problems that faced the researcher.

Therefore, to determine how effective simulation software is in primary school science education

requires further research. This should focus on:

a) Teacher attitudes towards the use of simulation
b) How supportive the school administration is in using ICT

c) Teacher qualification and skills in using ICT (such as simulation program)

The research has also revealed contradictions between current classroom practices in Kuwait and the
constructivist approaches that are necessary to make efficient use of ICT teaching. Besides research, an
implication therefore is to include more Continuing Professional Development (CPD) for science

teachers. Such training, besides training ICT skills, should:

a) Support science teachers in enhancing their professional skills by learning more
about:
e Contemporary scientific ideas

e Experimenting with effective teaching methods
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e Modern scientific techniques.

b) Help teachers to motivate pupils by providing them with a more exciting,
intellectually stimulating and relevant science education, enabling them to achieve
the knowledge and the understanding they need - both as the citizens and as the
scientists of the future

d) Encourage the students to use self-education
e) Develop teachers' questioning skills (i.e. How, Why, What if?) and their ability to handle
student active classroom discourse, to use discussion method to stimulate students to pursue

knowledge on their own or to develop critical thinking skills in students.
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CHAPTER EIGHT: CONCLUSIONS AND IMPLICATIONS

8.1 Introduction

This chapter provides the study conclusion, including aims of the current study followed by a summary
of the research questions, study design and data gathering. As well as the results obtained in this
research. Furthermore, the chapter reviews the strengths and weaknesses of the current study in order to
add important recommendations and proposals for future research in this field, as suggested by the

findings.
8.2 Aims of the study

The goal and purpose of this study were to identify the effectiveness of using ICSS program in science
education in primary school in Kuwait in terms of improving students’ academic achievement;
addressing students’ misconceptions and changing them to correct scientific concepts; and improving
students’ attitude toward learning science. Furthermore, this study aimed to contribute to the field in
helping to achieve the goal of educational reforms in the state of Kuwait, represented in changing the
science curricula for primary school students starting from the 2008-2009 academic year (See
Appendix 2).

8.3 Research question, study design, data gathering and main findings
8.3.1 Research question

The study problem was summarised in the following research question:

What effects does the use of interactive computer simulation software as compared to traditional
methods in the teaching of science have on students’ academic achievement, on changing their
misconceptions and on improving their attitude towards science teaching and learning? in addition to,
what are the opinions and impressions of science teachers and students involved in the experimental
group concerning the use of simulation software in science teaching and learning in grade 5 in primary

schools in Kuwait?
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8.3.2 Design study

The current study adopted a quasi-experimental design to answer the research question; three groups
were established in different educational environments in primary school for fifth grade, two
experimental groups and one control group. The first experimental group (Exgl) used simulation in
computer lab with use blended teaching; the second experimental group (Exg2) used simulation in the
classroom as a supportive of the traditional education. Both of them offset by the control group (Cg)
had similar teaching but use a traditional teaching method without computers.

Eight schools were involved distribution in the two experimental groups two schools of boys' and two
schools for female in each experimental groups

The simulation program use as an intervention (i.e. ICSS) was applied in the academic year 2010-2011
in grade fifth in  three science topics: the food chain (FC), circulation and the digestive system
(C&DS) and electrical circuit (EC). The purpose of using three topics was to provide the teachers and
students an opportunity to be familiar with in using the ICSS, as well as to avoid any mistakes may
occurring during use simulation program in the first topic (i.e. lesson one which is food chain (FC)) and
avoided it into next topic, the aim of obtaining more accurate results. The groups are described in detail

below.
8.3.3 Data gathering

Three measurement tools were used to verify the hypotheses. After ascertaining their validity and
reliability, the following measurements were used:

1- Pre and post achievement tests on the knowledge and concepts covered in the lessons: Pre-tests
were distributed to half of the students participating (for two primary schools — one male and one
female), whereas post-tests were distributed for all the students participating in the experimental
and control groups; each topic was covered separately (FC, C&DS and EC).

2- Questionnaires on students’ pre- and post-intervention attitude toward science teaching and
learning: Questionnaires were distributed to all the students participating.

3- Questionnaire on the usability and usefulness of the simulation programme in science teaching
and learning: This questionnaire was only distributed to students who used simulation in the
experimental groups to measure their attitudes concerning the usability of the simulation software,

as well as the usefulness of and their satisfaction in science learning.

224



8.3.4 Main findings

After conducting the experiment with the measuring tools and gathering the data, an analysis of the
results showed that in the first experimental group there was no statistically significant difference
between the students who used the simulation in the computer lab (Exgl) and those who followed the
traditional teaching method (Cgl) In terms to academic achievement and students attitude toward
teaching and learning science. In the second experimental group there was statistically significant
differences indicate that students who used the simulation programme in the classroom (Exg2) were
performed better on academic achievement tests and in their attitude toward teaching and learning
science than students who were exposed to the traditional teaching method (Cg2). Both students in
experimental groups were better in conceptual understanding in a specific topics and concepts than
students who in control groups. According to science teachers statements through interviews,
simulation program make students more motivated and involved during the lesson and they feel enjoy
with it.

8.4 Recommendations

In light of the review of the literature and the findings of the current study, the following educational
recommendations can be given:
A- With regard to educational programmes and equipment:

1- Itis important to make use of the extensive technological development in computer
programmes such as simulation, which was used in the current study to more clearly
represent processes, experiments and scientific phenomena related to abstract
scientific concepts for the benefit of primary students.

2- Specialists in the field of educational design should be made available to assist
science teachers in designing and developing their teaching practice, helping with all
the academic decisions relating to science software according to the modern
educational theories and methods.

3- The most up-to-date computers and equipment should be provided in real science labs
or the classroom to ensure the success of simulation programmes or any other
educational programme.

4- A technician should be present in the school or be made available to conduct a

training course for science teachers on how to fix any basic emergent troubles that
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might occur while using the educational programmes, whether this is a simulation

programme or any other programme, to ensure that the lesson continues as it should.

B- With regard to the teachers:

1-

2-

Teachers should be urged to develop their computer skills by completing training
courses in this area.

Training courses should be organised for science teachers that look at how to develop
various modern teaching methods, such as the blended teaching method, and consider
the preconceptions of the students through the simulation programme and any simple
programmes available on the computer.

Teachers’ attitudes towards the use of educational programmes such as simulators
should be investigated, and efforts should be made to develop these attitudes or
orientations in a positive direction.

The teachers should be urged to enhance the concept of self-learning amongst the
students through designing and providing scientific syllabuses that make use of
simulation programmes in a completely interactive way, from the student entering the

order (input) to accessing feedback (output).

8.5 Implications for future research

According to the results concluded in the current study, proposals can be set out for further studies that

can help to build upon the results of this research, including the following:

-
1

A similar study can be conducted for intermediate-stage students (aged 12-15 years), with

care taken to avoid the points of weakness in the current study.

A study could be conducted to verify the extent to which the infrastructure is provided in

primary schools with regard to using educational programmes such as simulators.

A similar study should be conducted with care taken to ensure that the teachers of the

experimental groups have the necessary skills related to using modern approaches in terms

of the blended teaching method, or any other modern learning or teaching techniques.

Studies should be conducted on whether the computer curriculum in grade 5 at the primary

level encourages the students to apply self-learning through the development of Internet

search skills and highlights the importance of computers in learning other materials

(science, mathematics).
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5- Research can be pursued on the attitudes of decision makers in the Ministry of Education
with regard to developing the science curriculum, and specifically in changing and
designing the scientific experiments included electronically in the science curriculum

simulation software or in another form.

In conclusion, the current study attempted to contribute to the modern technological progress
represented in the use of computer simulation programmes to face the challenges relating to science
teaching in general and in primary schools in Kuwait in particular. Simulation software for science
education was used in an attempt to achieve official the Ministry of Education requirements related to
developing the science curriculum and using modern educational methods and theories as part of the
reformed science education in Kuwait. In the light of the challenges and obstacles preventing science
teachers from applying the science teaching approaches highlighted by officials, it was considered that
simulation software could contribute to removing or allowing teachers to overcome some of these

obstacles to bring about more meaningful learning.

227



REFERENCES

Abood, H. (2007). The Computer in Education. Amman: Dar Wa’ael.

Abrahams, 1., & Millar, R. (2008). Does Practical Work Really Work? A Study of the
Effectiveness of Practical Work as a Teaching and Learning Method in School Science.
International Journal of Science Education, 30(14), 1945-19609.

Abu-Hakima, A. (1983) The modern history of Kuwait, London, Luzac & Company.

Afshari, M., Abu-Bakar, K., Luan, W. S., Abu-Samah, B., & Fooi, F. S. (2009). Factors
Affecting Teachers’ Use of Information and Communication Technology. International Journal
of Instruction, 2(1), 77 -104.

Akpan, J. P., & Andre, T. (1999). The Effect of a Prior Dissection Simulation on Middle School
Students' Dissection Performance and Understanding of the Anatomy and Morphology of the
Frog. Journal of Science Education and Technology, 8(2), 107-121.

Al-Abdulghafoor, F. (1983) The development of education in Kuwait 1912 - 1972. MA thesis,
University of Kuwait.

Al-Dael, S. (2002). The impact of the use of computers in teaching mathematics on
achievement second grade students. Journal of Educational and Psychological Sciences, 6(3),
46-61.

Al-Enezi, T. (2009). The Effect of Simulation in E-Learning in Misconceptions and Motivation
toward Learning. Arabic Gulf University, Bahrain.

Al-huthaify, K. (2008). The impact of the use of e-learning at the academic achievement level
and mental abilities and the attitude towards science in middle school students. Journal of King
Saud University, Educational Sciences and Islamic Studies, 3, 675-715.

Ali, M. (2002). Effectiveness of use of the Internet in the Acquisition of students of the Faculty
of Education in Nizwa school mathematics. Journal of Educational and Social Studies, 8(4),
189-234.

Al-Jasem, N.. . (1992) Education in Kuwait 1939-1943 in light of Adrian Valence's two reports.
Journal of the Gulf and Arabian Peninsula Studies, 17 (66), 28- 33.

Al-Karsh, M. (1996). The impact of teaching engineering unit through computer-aided in the
achievement and develop the skills of mathematical proof among students in a first grade
secondary. P. 15-50.

Al-Mosa, A. (2005). The use of computers in education (Vol. 3046). KSA: King Fahad national
library.

Algamdy, H. (2005). Cognitive direction: Piaget's theory of cognitive development. Department
of Psychology, University of Umm al-Qura.

Al-Reshead, A. (1971) Kuwait History, Beirut Dar Maktabat Al-Hayat.

Al-Shamlan, S. (1969) Views from kuwait history: Abdullatef Al-Othman. Kuwait: Kuwait
Television.

Al-ttamar, J., & Sulaiman, M. (2006). Effectiveness of Using Computer Assisted Instruction
(CAI) in Developing Achievement of First Degree Equations Among Seventh Grade Students
in the State of Kuwait. Journal of Educational and Social Studies, 8(4), 14-39.

228



American Association for the Advancement of Science. (1990). Benchmarks for science
literacy, New York: Oxford University Press.

American Educational Research Association. (2006). Standards for reporting on empirical
social science research in AERA publications, Educational Researcher (Vol. 35, pp. 33-40).

Anderson, G., & Arsenault, N. (1998). Fundamentals of educational research. London: Falmer
Press.

Asker, A., Jamea, H., alfara, F., & Hawana, W. (2003). Introduction to Scientific Research.
Kuwait: Alfalah bookshop.

Atkinson, C., & Mayer, R. E. (2004). Five ways to reduce PowerPoint overload. 1, 1-15.

Austin, K. A. (2009). Multimedia learning: Cognitive individual differences and display design
techniques predict transfer learning with multimedia learning modules. Computers &
Education, 53(4), 1339-1354.

Baddeley, A. (1992). Working Memory. Science, 255(5044), 556-559.

Baddeley, A. D. (2002). Is Working Memory Still Working?. European Psychologist, 7(2), 85-
97.

Baguley, T. (2009). Standardized or simple effect size: what should be reported? British journal
of psychology (London, England: 1953), 100(Pt 3), 603.

Bakar, H., & Zaman, H. (2007). Development of V Lab-Chem for Chemistry Subject Based on
Constructivism Cognitivism Contextual Approach. Paper presented at the Proceedings of the
International Conference on Electrical engineering and informatics institute Technology
Bandung, Indonesia.

Barakat, K. (1967) Kuwait: extra-curricular activities. Paris: UNESCO.
Barrak, B. (2008). Aim of new science curriculum. Al-Qabas.

Baser, M. (2006). Effects of Conceptual Change and Traditional Confirmatory Simulations on
Pre-Service Teachers' Understanding of Direct Current Circuits. Journal of Science Education
and Technology, 15(5/6), 367-381.

Becker, K. (2002). Constructivism and the use of technology. The Technology Teacher
(electronic journal).

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, 45(3), 346-372.

Beshayrah, Z & Manzalawy, O. (2007). The impact of cooperative education and computerized
educational program in the student's academic achievement of the seventh grade in science
Agaba Governorate. Journal of Educational Issue 13. P. 231- 254.

Bilek, M., & Skalicka, P. (2010). Combination of Real and Virtual Environment in Early
Chemistry Experimental Activities. Science and Technology Education 1-8.

Bissell, J. (1998). Cognitive development and learning. [On-line lecture #2, Ed 173, University
of California Irvine], Available.www.gse.uci.edu/ed173.

Bloom, B.S., Engelhart, M.B., Furst, E.J., Hill, W.H., & Krathwohl, D.R. (1956). Taxonomy of
educational objectives: The classification of educational goals. Handbook 1: Cognitive domain.
New York: Longmans Green.

229



Borg, W. R., Gall, J. P., & Gall, M. D. (1993). Applying educational research (3rd ed.). New
York: Longman

Bransford, J. D. E., Brown, A. L. E., Cocking, R. R. E., & National Academy of Sciences -
National Research Council, W. D. C. (1999). How People Learn: Brain, Mind, Experience, and
School: National Academy Press.

Brooks, J.G., and Brooks, M.G. (1993). In search of understanding: The case for constructivist
classrooms. Alexandria, VA: ASC

Bryman, A. (2006). Integrating quantitative and qualitative research: how is it done?
Qualitative Research, 6(1), 97-113.

Callahan, J. L., & Reio, T. G., Jr. (2006). Making Subjective Judgments in Quantitative Studies:
The Importance of Using Effect Sizes and Confidence Intervals. Human Resource Development
Quarterly, 17(2), 159-173.

Carey, S. (1985). Conceptual change in childhood. Cambridge, MA: MIT Press

Center of Historic Documentations (2013) - Al Diwan Al Al  Amiri,
http://www.da.gov.kw/eng/aboutkuwait/independence.php

Cepni, S., Tas, E., & Kose, S. (2006). The effects of computer-assisted material on students’
cognitive levels, misconceptions and attitudes towards science. Computers & Education, 46(2),
192-205.

Champagne, A. B., Klopfer, L. E., & Gunstone, R. F. (1982). Cognitive Research and the
Design of Science Instruction. Educational Psychologist, 17(1), 31-53.

Chang, C.-Y. (2001). Comparing the Impacts of a Problem-Based Computer-Assisted
Instruction and the Direct-Interactive Teaching Method on Student Science Achievement.
Journal of Science Education and Technology, 10(2), 147-153.

Chigona, a. & Chigona., w. (2010). An Investigation of Factors Affecting The Use of ICT for
Teaching in the Western Cape Schools. Paper presented at the European Conference on
Information.

Chin, J., Diehl, V., & Norman, K. (1988). Development of an instrument measuring user
satisfaction of the human-computer interface.

Cindy, L., Silver, E. (2007). Computer-supported Collaborative Learning and Conceptual
Change. Paper presented at the CSCL'07 Proceedings of the 8th international conference on
Computer supported collaborative learning.

Clark, J. M., & Paivio, A. (1991). Dual coding theory and education. Educational Psychology
Review, 3(3), 149-210.

Clark, R. & Mayer, R. (2003). E-learning and the Science of Instruction. Proven Guidelines for
Consumers and Designers of Multimedia Learning (Vol. 322): Pfeiffer.

Cobb, P. (1994). Where is the mind? Constructivist and sociocultural perspectives on
mathematical development. Educational Researcher, 23, 13-20.

Coe, R. (2002). It's the Effect Size, Stupid. What effect size is and why it is important. Paper
presented at the Conference of the British Educational Research Association.

230


http://www.da.gov.kw/eng/aboutkuwait/independence.php

Coe, R. (2004). Issues arising from the use of effect sizes in analyzing and reporting research.
In: I. Schagen, & K. Elliot, Ed. But what does it mean? The use of effect size in educational
research. UK, National Foundation for Educational Research..

Cohen, J. (1988). Statistical power analysis for the behavioral sciences. Hillsdale, N.J: L.
Erlbaum Associates.

Cohen, L., Manion, L. and Morrison, K. (2004) Research Methods in Education, London:

Cohen, L., Manion, L., & Morrison, K. (2000). Research methods in education. New York:
Routledge Falmer,

Collins, K. M. T., Onwuegbuzie, A. J., & Sutton, I. L. (2006). A model incorporating the
rationale and purpose for conducting mixed methods research in special education and beyond.
Learning Disabilities: A Contemporary Journal, 4, 67-100.

Couture, M. (2004). Realism in the design process and credibility of a simulation-based virtual
laboratory. Journal of Computer Assisted Learning, 20(1), 40-49.

Cox, M., Preston, C., & Cox, K. (1999). What Factors Support or Prevent Teachers from Using
ICT in their Classrooms? Paper presented at the The British Educational Research Association.

Creswell, J. W., & Plano Clark, V. L. (2007). Designing and conducting mixed methods
research. Thousand Oaks, Calif: SAGE Publications.

Crook, C. (1994). Computers and the Collaborative Experience of Learning. London:
Routledge.

Crosier, J. K., Cobb, S., & Wilson, J. R. (2002). Key lessons for the design and integration of
virtual environments in secondary science. Computers & Education, 38(1), 77-94.

Culbertson, H. M. (1968). What is an attitude? Journal of Extension (JOE), 6(2), 79-85.

D.S Lininger, C. (1975). The Sample Survey: Theory And Practice: London Mcgraw Hill Book
Co.

De Jong, T., & van Joolingen, W. R. (1998). Scientific Discovery Learning with Computer
Simulations of Conceptual Domains. Review of Educational Research, 68(2), 179-201.

DeMarrais, K., & Lapan, S. D. (2004). Foundations for Research: Methods of Inquiry in
Education and the Social Sciences.

Denzin, N. K. (1978). The research act: a theoretical introduction to sociological methods:
McGraw-Hill.

Department of Curriculum Development. (2011). National Document to Constructing the
Science Curriculum in the State of Kuwait (NDCSC).

DiSessa, A. A. (2006). A history of conceptual change research: Threads and fault lines. In R.
K. Sawyer (Ed.), Cambridge handbook of the learning sciences (pp. 265-282). New York:
Cambridge.

Donaldson, M. C. (1978). Children's minds. London: Croom Helm
Driver , R. (1983). The pupil as scientist? Milton Keynes, England: The Open University Press.

Driver , R., Guesne, E., & Tiberghien, A. (1985). Children’s ideas in science. Philadelphia, PA:
Open University Press.

231



Driver, R., Asoko, H., Leach, J., Mortimer, E & Scott, Ph. (1994) Constructing Scientific
Knowledge in the Classroom. Educational Researcher, Vol. 23, No. 7. pp. 5-12.

Duhaney, D. (2012). Blended Learning and Teacher Preparation Programs. International
Journal of Instructional Media, 39, 179.

Ellington, H., Percival, F. and Race, P. (1993) Handbook of Educational Technology, 3rd
Edition, London: Kogan Page Ltd.

Evans, C., & Sabry, K. (2003). Evaluation of the Interactivity of Web-Based Learning Systems:
Principles and Process. Innovations in Education and Teaching International, 40(1), 89-99.

Farrokhnia, M., & Esmailpou, A. (2010). A study on the impact of real, virtual and
comprehensive experimenting on students’ conceptual understanding of DC electric circuits and
their skills in undergraduate electricity laboratory. Procedia Social and Behavioral Sciences, 2,
5474-5482

Fathallah, M. (2006). Advanced effective style of presentation (Power Point) alone and with
educational videos via closed-circuit television in the development of the achievement of
teachers’ students (pre-service) and their skills and attitude towards using methods and
techniques of education in teaching. Journal of Educational Sciences, 3, 49-112.

Fishbein, M., & Ajzen, . (1975). Belief, attitude, intention and behavior: an introduction to
theory and research. London (etc.): Addison-Wesley.

Fraenkel, J. R., & Wallen, N. E. (2008). How to design and evaluate research in education (7th
ed.). Boston ; London: McGraw-Hill Higher Education.

Frailich, M., Kesner, M., & Hofstein, A. (2009). Enhancing Students' Understanding of the
Concept of "Chemical Bonding" by Using Activities Provided on an Interactive Website.
Journal of Research in Science Teaching, 46(3), 289-310.

Gibbons, N. J., Evans, C., Payne, A., Shah, K., & Griffin, D. K. (2004). Computer simulations
improve university instructional laboratories. Cell biology education, 3(4), 263-269.

Glasersfeld, E. V. (1984). An Introduction to Radical Constructivism. In P. Watzlawick (Ed.),
The Invented Reality: How do we know what we believe we know? (pp. 17-40). New York:
Norton & Company, Inc.

Graham, C. (2004). Blended Learning Systems: Definition, Current Trends, And Future
Directions: Pfeiffer - An Imprint of Wiley.

Greene, J., Caracelli, V. & Graham, W. . (1989). Toward a Conceptual Framework for Mixed-
Method Evaluation Designs. Educational Evaluation and Policy Analysis. American
Educational Research Association, 11(3), 255-274..

Harrison, A. W. & Rainer, R. K. (1992). The Influence of Individual Differences on Skill in
End-User Computing. Journal of Management Information Systems, 9(1), 93-111.

Hartel, H. (2000). xyZET: A Simulation Program for Physics Teaching. Journal of Science
Education and Technology, 9(3), 275-286.

Hattie, J. (1999). Influences on student learning. University of Auckland.

Henriques, L . (1997). Constructivist Teaching And Learning. California State University,
Long Beach. Faces of Constructivism. Abstracted with author's permission from A Study to

232



Define and Verify a Model of Interactive Constructive Elementary School Science teaching
(1997, May). Unpublished Ph.D. Dissertation, University of lowa. lowa City. IA USA.

Hewson, P. W., & Hewson, M. G. A. B. (1984). The Role of Conceptual Conflict in Conceptual
Change and the Design of Science Instruction. Instructional Science., 13(1), 1-13.

Higgins, S., Packard, N., & Race, P. (1999). 500 ICT Tips for primary teachers. London. UK.:
Kogan Page Limited.

Hofstein, A & Mamlok-Naaman, R. (2007) The laboratory in science education: the state of the
art. Chemistry Education Research and Practice, 2007, 8 (2), 105-107.

House of Commons Science and Technology Committee. (2002). Third report. Science
education from 14 to 19. London: HMSO. Retrieved February 27, 2007, from
http://lwww.publications. parliament.uk/pa/cm200102/cmselect/cmsctech/508/50802.htm.

House of Education. (2009a). Science textbook in Primary school in Kuwait. First edition,
Weberson education. ISBN: 978-9953-495-02-6.

House of Education. (2009b). Science textbook in Primary school in Kuwait. First edition,
Weberson education. ISBN: 978-9953-495-03-3

Hsu, Y.-S., & Thomas, R. A. (2002). The impacts of a web-aided instructional simulation on
science learning. International Journal of Science Education, 24(9), 955-979.

Huberty, C. J. (2002). A history of effect size indices. Educational and Psychological
Measurement,, 26, 227-240.

Huppert, J., Lomask, S. M., & Lazarowitz, R. (2002). Computer Simulations in the High
School: Students' Cognitive Stages, Science Process Skills and Academic Achievement in
Microbiology. International Journal of Science Education, 24(8), 803-821.

Jaakkola, T., & Nurmi, S. (2008). Fostering elementary school students’ understanding of
simple electricity by combining simulation and laboratory activities. Journal of Computer
Assisted Learning, 24(4), 271-283.

Jick, T. D. (1979). Mixing qualitative and quantitative methods: Triangulation in action.
Administrative Science Quarterly, 24, 602-611.

Jimoyiannis, A., & Komis, V. (2001). Computer simulations in physics teaching and learning: a
case study on students' understanding of trajectory motion. Computers & Education, 36(2), 183-
204.

Kennepohl, D. K. (2001). Using computer simulations to supplement teaching laboratories in
chemistry for distance delivery. Journal of Distance Education, 16(2), 58.

Kiboss, J. K., Ndirangu, M., & Wekesa, E. W. (2004). Effectiveness of a Computer-Mediated
Simulations Program in School Biology on Pupils' Learning Outcomes in Cell Theory. Journal
of Science Education and Technology, 13(2), 207-213.

Kind, P., Jones, K., & Barmby, P. (2007). Developing Attitudes towards Science Measures.
International Journal of Science Education, 29(7), 871-893.

Kluever, R. C., Lam T. C., Hoffman, E. R., Green, K. E., & Swearinges, D. L. . (1994). the
Computer Attitude Scale: Assessing Changes in Teachers’ Attitudes toward Computers.
Journal of Educational Computing Research, 11(3), 251-261.

233


http://www.publications/

Kluit, N. (2006). Multimedia Learning Theories and Online Instruction. College & Research
Libraries 67 no 4. P. 364-9

Krathwohl, D. R. (1998). Methods of Educational & Social Science Research: An Integrated
Approach. Second Edition: Addison Wesley Longman, Inc.

Krysa, R. (1998). Factors Affecting the Adoption and Use of Computer Technology in Schools.
Educational Communications and Technology.

Kumar, D. D., & Sherwood, R. D. (2007). Effect of a Problem Based Simulation on the
Conceptual Understanding of Undergraduate Science Education Students. Journal of Science
Education and Technology, 16(3), 239-246.

Kuwait Information Office. (2006) Kuwait education overview [Online]. Mumbay: Kuwait
Information Office. Available: http://www.kuwait-
info.com/sidepages/state_ministries_education asp.

Kwiatkowski, J. (2000). Questionnaires in Usability Engineering. Cork, Ireland. 2nd edition.
Human Factors Research Group..

LeCroy, C. W., & Krysiko, J. (2007). Understanding and Interpreting Effect Size Measures.
Social Work Research, 31(4), 243-243.

Leonard, W.H. (1992) A comparison of student performance following instruction by
interactive videodisc versus conventional laboratory, Journal of Research in Science Teaching,
29, pp. 93-102.

Limniou, M., Papadopoulos, N., Giannakoudakis, A., Roberts, D., & Otto, O. (2007).
Integration of a viscosity simulator in a chemistry laboratory. Chemistry Education Research
and Practice, 8(2), 220-231.

Liu, L., Hmelo-Silver, C. (2007). Computer-supported Collaborative Learning and Conceptual
Change. Rutgers, the State University of New Jersey. p. 454-463

Loveless, A. & Ellis, V. (2001) ICT, Pedagogy and the Curriculum. First published by
RoutledgeFalmer.

Lund, A. (2001). Measuring Usability with the USE Questionnaire. STC Usability SIG
Newsletter.

Manlove, S., Lazonder, A. W., & Jong, T. (2006). Regulative support for collaborative
scientific inquiry learning. Journal of Computer Assisted Learning, 22(2), 87-98.

Marbach-Ad, G., Rotbain, Y., & Stavy, R. (2008). Using computer animation and illustration
activities to improve high school students' achievement in molecular genetics. Journal of
Research in Science Teaching, 45(3), 273-292.

Martinez-Jimenez, P., Pontes-Pedrajas, A., Polo, J., & Climent-Bellido, M. S. (2003). Learning
in chemistry with virtual laboratories. Journal of Chemical Education, 80(3), 346.

Marvin, M (1975). Patrick H. Winston, ed. A Framework for Representing Knowledge (The
Psychology of Computer Vision ed.). New York: McGraw-Hill

Mayer, R. E. (1983).Thinking: Problem solving and Cognition. New York. H. Freeman & Co.
Mayer, R. E. (2009). Multimedia Learning. Second Edition: Cambridge University Press.

McNamara, C. (1999). General Guidelines for Conducting Interviews. Minnesota University,
Minnesota.
234



Meadows, J. (2004). Science and ICT in the primary school: a creative approach to big ideas.
London: David Fulton.

Millar, R. & Driver, R. (1987). Beyond Processes, Studies in Science Education, 14:1, p. 33-62

Mosteller, F. (1990). Improving research methodology: an overview. In L. Sechrest, E. Perrin,
& J. Bunker (Eds.). Research Methodology: Strengthening Causal Interpretations of
Nonexperimental Data. Department of Health and Human Services, Public Health Service,
Agency for Health Care Policy and Research. Washington, D.C.: U.S, 105-114.

National Research Council (NRC). (1996). National Science Education Standards. Washington,
DC: National Academy Press.

Norusis, M. J. (1998) SPSS 8.0 Guide to Data Analysis. Prentice Hall

Oloruntegbe, K. O., & Alam, G. M. (2010). Evaluation of 3d environments and virtual realities
in science teaching and learning: The need to go beyond perception referents. Scientific
Research and Essays, 5(9), 948-954.

Oppenheim, A. N. (1992). Questionnaire design, interviewing and attitude measurement.
London: Continuum.

Osborne, J., Simon, S., & Collins, S. (2003). Attitudes towards science: A review of the
literature and its implication. International Journal of Science Education, 25(9), 1049-1079

Ozdemir, G., & Clark, D. B. (2007). An Overview of Conceptual Change Theories. Eurasia
Journal of Mathematics, Science & Technology Education, 3(4), 351-336.

Ozmen, H. (2011). Effect of animation enhanced conceptual change texts on 6th grade students’
understanding of the particulate nature of matter and transformation during phase changes.
Computers & Education, 57(1), 1114-1126.

Paivio, A. (1986). Mental representations: A dual-coding approach: New York: Oxford.

Paivio, A. (2006). Dual Coding Theory and Education. Paper presented at the Pathways to
Literacy Achievement for High Poverty Children, The University of Michigan School of
Education.

Papadouris, N., & Constantinou, C. P. (2009). A Methodology for Integrating Computer-Based
Learning Tools in Science Curricula. Journal of Curriculum Studies, 41(4), 521-538.

Patton, M. Q. (1990). Qualitative evaluation and research methods. Newbury Park, CA: Sage.

Pea, R. D. (2004). The social and technological dimensions of scaffolding and related
theoretical concepts for learning, education, and human activity. The Journal of the Learning
Sciences, 13(3), 423-451.

Piaget, J. & Inhelder, B. (1969). The Psychology of the Child. Translated from the French by
Helen Weaver Basic Books. New York.

Piaget, J. (1962). Play, dreams and imitation in childhood. New York: Norton. press

Planning Department. (2009-2008). Educational Statistical Group. Ministry of Education.
Kuwait.

Posner, G. J., Strike, K. A., Hewson, P. W., & Gertzog, W. A. (1982). Accommodation of a
scientific conception: Toward a theory of conceptual change. Science Education, 66, 211-227.

235



Pritchard, A. (2005). Ways of Learning: Learning Theories and Learning Styles in the
Classroom. David Fulton Publishers.(Journal Article).

Richardson, V. (1997). Constructivist teaching and teacher education: Theory and practice. In
V. Richardson (Ed.), Constructivist Teacher Education: Building New Understandings (pp. 3-
14). Washington, DC: Falmer Press

Ross, S. M. & Morrison. G. R. (2004). Experimental research methods, In D. J. Jonassen (Ed).
Handbook of research on educational communications and technology, 2nd Ed., (pp. 1021-
1043). Mahwah, NJ: Lawrence Erlbaum Associates, Publishers.

Roulston, K. (2010). Reflective interviewing: a guide to theory and practice. London: SAGE.
Routledge.

Rovai, Al. (2007) A constructivist approach to online college learning. Internet and Higher
Education, 7. 79-93

Sale, J. E.M., Lohfeld, L.H.,&Brazil,K. (2002).Revisiting the quantitative-qualitative debate:
Implications for mixed-methods research. Quality & Quantity, 36, 43-53.)

Schaffer, S. P., & Richardson, J. C. (2004). Supporting Technology Integration within a
Teacher Education System. Journal of Educational Computing Research, 31(4), 423-435.

Schutez , P. A., Chambless, C., B , & DeCulir, J., T. (2004). Multi-methods research.
University of Georgia. Foundations for Research: Methods of Inquiry in Education and the
Social Sciences” chapter (16). Lawrence Erlbaum. Mahwah, NJ.

Selley, N. (2004). The art of constructivist teaching in the primary school: David Fulton
Publishers.

Shabaan, L., & Abdulrazik, E. (2008). Newly Science and math curriculum and educational
dilemma. Al-Qabas.

Shadish, W. R., Cook, T. D., & Campbel, D. T. (2002). Experimental and Quasi-experimental
Designs for Generalized Causal Inferenc. . Paper presented at the Boston: Houghton-Mifflin.

Sherwood, R. D., & Hasselbring, T. (1986). A Comparison of Student Achievement across
Three Methods of Presentation of a Computer-Based Science Simulation. Computers in the
Schools., 2(4), 43-50.

Skoumios, M., & Hatzinikita, V. (2005). The Role of Cognitive Conflict in Science Concept
Learning. . International Journal of Learning,, 7(12), 186-194.

Smeets, E. (2005). Does ICT contribute to powerful learning environments in primary
education? Computers & Education, 44(3), 343-355.

Smetanaa, L. & Bell, R. (2011). Computer Simulations to Support Science Instruction and
Learning: A critical review of the literature. International Journal of Science Education, 1-34.

Sobhi, T., & Abdullah, Z. (2003). Impact of learning with use a computer-assisted how to
master the provisions Tajweed of talented students. Journal of Educational Sciences, 4, 89 -
124.

Steinberg, R. N. (2000). Computers in teaching science: To simulate or not to simulate? Phys.
Educ. Res., Am. J. Phys. Suppl. 68, 16-24.

236



Stern, L., Barnea, N., & Shauli, S. (2008). The Effect of a Computerized Simulation on Middle
School Students’ Understanding of the Kinetic Molecular Theory. Journal of Science Education
and Technology, 17(4), 305-315.

Stieff, M., & Wilensky, U. (2003). Connected Chemistry: Incorporating Interactive Simulations
into the Chemistry Classroom. Journal of Science Education and Technology, 12(3), 285-302.

Sulaiman, A. (2007). Effective use of presentations in the teaching of artistic taste on cognitive
achievement of middle school students in the city of Medina. Journal of Educational and Social
Studies, 13(1), 96-125.

Sun, K.-T,, Lin, C.-L., & Wang, S.-M. (2009). A 3-D Virtual Reality Model Of The Sun And
The Moon For E-Learning At Elementary Schools. International Journal of Science and
Mathematics Education, 8(4), 689-710.

Sun, K.-t., Lin, Y.-c., & Yu, C.-j. (2008). A study on learning effect among different learning
styles in a Web-based lab of science for elementary school students. Computers & Education,
50(4), 1411-1422.

Sweller, J. (1999). Instructional Design in Technical Areas. Australian Education Review, No.
43: PCS Data Processing.

Talib, O., Matthews, R., & Secombe, M. (2005). Constructivist Animations for Conceptual
Change: An Effective Instructional Strategy in Understanding Complex, Abstract and Dynamic
Science Concepts. Journal of Instructional Technology, 2(3), 78-87.

Tao, P. K., & Gunstone, R. F. (1999). The process of conceptual change in force and motion
during computer-supported physics instruction. Journal of Research in Science Teaching, 36(7),
859-882.

Taskin, N., & Kandemir, B. (2010). The affect of computer supported simulation applications
on the academic achievements and attainments of the seventh grade students on teaching of
science. Procedia Social and Behavioral Sciences, 9, 137-1384.

Tastan, O., Yalcinkaya, E., & Boz, Y. (2008). Effectiveness of Conceptual Change Text-
oriented Instruction on Students' Understanding of Energy in Chemical Reactions. Journal of
Science Education and Technology, 17(5), 444-453.

Tatli, Z., & Ayas, A. (2010). Virtual laboratory applications in chemistry education. Procedia
Social and Behavioral Sciences, 9 P. 938-942.

Tekos, G., & Solomonidou, C. (2009). Constructivist Learning and Teaching of Optics
Concepts Using ICT Tools in Greek Primary School: A Pilot Study. Journal of Science
Education and Technology, 18(5), 415-428.

Triona L.M. & Klahr D. (2003) Point and click or grab and heft: comparing the influence of
physical and virtual instructional materials on elementary school students’ ability to design
experiments. Cognition and Instruction21, 149-173.

Trundle, K. C., & Bell, R. L. (2010). The use of a computer simulation to promote conceptual
change: A quasi-experimental study. Computers & Education, 54(4), 1078-1088.

Tuysuz, C. (2010). The Effect of the Virtual Laboratory on Students’ Achievement and Attitude
in Chemistry. International Online Journal of Educational Sciences, 2(1), 37-53.

237



Vrtacnik, M., Sajovec, M., Dolnicar, D., Pucko-Razdevsek, C., Glazar, A., & Brouwer, N. Z.
(2000). An Interactive Multimedia Tutorial Teaching Unit and Its Effects on Student Perception
and Understanding of Chemical Concepts. Westminster Studies in Education, 23(1), 91-105.

Welker, J., & Berardino, L. (2006). Blended Learning: Understanding the Middle Ground
between Traditional Classroom and Fully Online Instruction. Journal of Educational
Technology Systems, 34(1), 33-55.

Wellington, J. (1985). Children, Computers and Curriculum, An introduction to information
technology and education. London: Harper & Row.

Wellington, J. J. (1998). Practical work in school science: which way now? London: Routledge.

Wellington, J. J. (2000). Teaching and learning secondary science: contemporary issues and
practical approaches. London: Routledge.

White, B., Kahriman, A., Luberice, L., & Idleh, F. (2010). Evaluation of Software for
Introducing Protein Structure: Visualization and Simulation. Biochemistry and Molecular
Biology Education, 38(5), 284-289.

Wilson, N., McClean, S. I., & Information Technology Training, 1. (1994). Questionnaire
design: a practical introduction. Newtownabbey, Co. Antrim: University of Ulster.

Windschitl, M., & Andre, T. (1998). Using Computer Simulations To Enhance Conceptual
Change: The Roles of Constructivist Instruction and Student Epistemological Beliefs. Journal
of Research in Science Teaching, 35(2), 145-160.

Wu, H. K., Krajcik, J. S., & Soloway, E. (2001). Promoting understanding of chemical
representations: Students' use of a visualization tool in the classroom. Journal of Research in
Science Teaching, 38(7), 821-842.

www.edumedia-sciences.com. Interactive simulations for science teaching.
Yacoob, Q. (1982). Child Development at Piaget. Lebanese Book House. Beirut

Yaremko, R. M., Harari, H., Harrison, R. C., & Lynn, E. (1986). Handbook of Research and
Quantitative Methods in Psychology: For Students and Professionals: Lawrence Erlbaum
Associates, Hillsdale, NJ.

Zacharia, Z. (2003). Beliefs, attitudes, and intentions of science teachers regarding the
educational use of computer simulations and inquiry-based experiments in physics. Journal of
Research in Science Teaching, 40(8), 792-823.

Zacharia, Z. C. (2005). The Impact of Interactive Computer Simulations on the Nature and
Quality of Postgraduate Science Teachers' Explanations in Physics. International Journal of
Science Education, 27(14), 1741-1767.

Zacharia, Z. C. (2007). Comparing and combining real and virtual experimentation: an effort to
enhance students' conceptual understanding of electric circuits. Journal of Computer Assisted
Learning, 23(2), 120-132.

Zacharia, Z. C., Olympiou, G., & Papaevripidou, M. (2008). Effects of experimenting with
physical and virtual manipulative on students' conceptual understanding in heat and
temperature. Journal of Research in Science Teaching, 45(9), 1021-1035.

238



Zacharia, Z., & Anderson, O. (2003). The effects of an interactive computer-based simulation
prior to performing a laboratory inquiry-based experiment on students’ conceptual
understanding of physics. American Journal of Physics, 71, 618.

239



APPENDICES

240



APPENDIX 1: EDUCATION HISTORY OF KUWAIT

Before starting to review the history of education in Kuwait, it would be useful to present - in brief - a
general picture of the country describing the location and historical emergence of the state of Kuwait.
In order to explore the educational system of Kuwait from a historical perspective, we shall begin by
describing the traditional educational system — informal education. This will then be followed by a
detailed account of the establishment of modern, formal educational institutions in Kuwait.

1. Kuwait’s Location and History

The State of Kuwait is located in the north-western corner of the Arabian Gulf (or Persian Gulf). It is
bounded in the east by the Arabian Gulf, in the south and west by the Kingdom of Saudi Arabia, and in
the north and the west by the Republic of Irag.

The total area of Kuwait is 17,818 square kilometres (km) or approximately 7,000 square miles
(Ministry of Planning, 2005, Statistics).

Historians have differing accounts about the origins of the State of Kuwait. According to one historian,
a letter sent by Sheikh Mubarak Al-Sabah (1896-1942) to the British Resident mentioned that “Kuwait
is a poor land, our grandfather Sabah came in 1022 (A.H.) corresponding to 1613 (A.D.).” Although six
rulers starting in 1776 (A.D.) ruled Kuwait before him, with many events and incidents contributing to
the establishment of the State of Kuwait, Sheikh Mubarak Al-Sabah, who ruled Kuwait from 1896-
1915, is considered the founding father of the State of Kuwait. In order to forestall attempts by
neighbours (in particular, the Ottoman Empire) and certain tribes to take over Kuwait, Sheikh Mubarak
entered into an agreement with Great Britain on 23 January 1899. This agreement stated that Kuwait is
a self-governing country under British protection. At that time, the inhabitants (or peoples) of Kuwait
were working in fishing, trading and pearl diving. Britain sent consultants to establish a burgeoning
modern bureaucracy. (Center of Historic Documentations - Al Diwan Al Al Amiri, 2013)

Though Kuwait had been an independent political entity for more than two centuries, it only gained
international recognition as a sovereign state in June 1961, a few weeks after which it joined the Arab
League, and in 1963 became the 111th member to join the United Nations (Abu-Hakima, 1983; Al-
Reshead, 1971).

In 1962, a Constituent Assembly passed the country’s first constitution. Article 6 of the Kuwait
Constitution states that:

“The system of Government in Kuwait shall be democratic, under which
sovereignty is resident in the people, the source of all powers. Sovereignty shall

be exercised in the manner specified in the constitution” (The Constitution of
Kuwait, 2000).

2. History of Education Development in Kuwait

The history of education in Kuwait can be divided into two categories: informal education and formal
education. The following is a brief overview of both types up to present-day modern formal education.

2.1 Informal Education (1887 — 1911)

Kuwait, similar to the other Islamic countries, began education through taking an interest in teaching its
people Islamic values. Therefore, the mosque was considered the main centre for teaching Islamic
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principles, such as the method of prayers and religious education, including learning and memorising
certain verses of the Qur’an and sayings of the Prophet Mohammed (hadiths). Oral education and
learning were the main methods used for this purpose. Hence, it is clear that the students were not
taught reading and writing skills in the correct way in order to become fully literate.

This early teaching system in mosques was dominant until the establishment of a new place and style
of teaching known as Al-Kut’tab. “Alkatateeb” is a plural Arabic verbal noun literally meaning, places
of writing, and hence places of teaching and schooling. This system was created by those who had
memorised the Holy Qur’an and by other knowledgeable people in the religious and juridical sciences;
they called the system for teaching males “Almullaah” and the system for teaching females
“Almutawwa’a” — both are represented as the teacher in this day. Al-Kut’tab’s importance lies mainly
in being centres for teaching literacy, basic mathematics and recitation of the Holy Qur’an. It is
important to point out that the state was not responsible for funding or establishing such places; this
responsibility fell upon wealthy people who made (Awaqaf) trusts to finance these Alkatateeb. These
places, which played the role of primary schools in our current education system, had a very important
position (Al-Shamlan, 1969).

During this period, some citizens who received a good education and those interested in education
found that the Alkatateeb system of education must evolve because the Katateeb were unable to keep
pace with modern life and the demands of the newly emerging Kuwaiti society. Therefore, they
decided to establish an entirely new set of educational institutions that could provide more organised
and formal schooling — instead of Katateeb — involving competent teachers who could properly teach
children reading, writing and several branches of knowledge and compulsory attendance. This idea was
presented to wealthier citizens and merchants who were asked to make donations to establish formal
schools. Because these Kuwaiti citizens believed in the importance of education, they raced to donate.
So, for example, someone (Hamad Alkhaled Alkhoder) donated his land for the building of a school,
while other wealthy individuals provided financial support for school construction. And that is how
formal education was launched in Kuwait (Ibid, 1969 ).

2.2 Formal Education (1911 — 1961)

Through donations made by Kuwait’s wealthier citizens and merchants, the first school was established
in Kuwait in 1911 and was named Al-Mubarekiyah School. In the beginning, only reading, writing and
basic mathematics were taught there. Afterward, Al-Ahmediyah School was opened in 1921 in the era
of Sheikh Ahmad Al-Jaber, in which the English language was taught in addition to mathematics,
reading and writing. Subsequently, many other schools were opened, such as Al-Saadah School, which
focused on educating poorer children and orphans. The number of schools kept increasing due to the
support of wealthier citizens and merchants. In the 1920s, the Kuwaiti economy suffered a serious
collapse of its pearl trade. This crisis also affected education more generally as support dwindled and
led to the closure of some schools and a decline in the standards of others. Wealthy donors were unable
to provide funding or other forms of support to schools, such as buildings, furniture and books, which
probably led to a decline in education. Therefore, educators and citizens called on the government to
support education. In 1936, Kuwaiti ruler Sheikh Ahmad Al-Jaber ordered the establishment of the
“Al-Ma’arf” Council (i.e. Council of Education or Knowledge). This council laid the foundations for
the Ministry of Education and consisted of 12 elected members and was presided over by a member of
the ruling family. It objectives were as follows:

1. To provide education under the supervision of the government
2. Todraw up plans and organize education development
3. To specify the financial resources required for operating educational institutions
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After education became subject to government supervision, teachers were recruited from neighboring
countries, such as Palestine and Egypt, in order to benefit from their administrative and educational
experience. Many schools were established, including the first school for girls, called Al-Westa School,
which was opened in 1937, followed by the Al-Qabilyah School. Education made substantial progress
between 1936 and 1973 through the addition of new subjects to the curriculum, such as Islamic history,
principles of geography and principles of mathematics, which included geometry and integral calculus,
as well as basic subjects like reading and writing. In the 1945-1946 academic year, there were 12
schools that were under the supervision of Council of Education: a secondary school for boys, seven
primary schools for boys, and four primary schools for girls in which there were 2,815 boy students
and 820 girl students taught by 108 male teachers and 34 female teachers, all of them separately —
boys’ schools are separate from girls’ schools to this day.

In 1955, after a huge expansion in the number of schools and their types and levels, the education
process was reorganised and the educational ladder or scale was rearranged as follows:

- Two years of kindergarten (optional not obligatory): 5 — 6 years old
- Four years of primary stage (obligatory): 7 — 10 years old

- Four years of intermediate stage (obligatory): 11 — 14 years old

- Four years of secondary stage (optional): 15 — 18 years old

This scale continued to be used until Kuwait gained independence in 1961 (Barakat, 1967, Al-
Abdulghafoor, 1983, Al-Jasem, 1992).

2.3 Establishment of the Ministry of Education (1962)

After Kuwait became independent in 1961, the first Ministry of Education was established and the
basic objectives of the Ministry were stipulated in 1967. With the population growth in Kuwait, the
number of students and schools increased. Ministry of Education statistics referred to a huge increase in
the number of the students from 600 in 1936 to 561,826 in 2009. This increase was accompanied by an
expansion in the number of schools, rising to 1,359 for all stages in 2009. Also, the number of teachers
increased from 26 in 1936 to 67,015 in 2009. Moreover, due to the persistent efforts of the Ministry,
illiteracy rates in Kuwait were reduced from 57% in 1965 to less than 4.1% among men and 6% among
women in 2009. These rates attest to the strong interest of the State of Kuwait in developing education
among its citizens.

The first governmental university called “Kuwait University” was established in 1966. This was
followed by the establishment of the Public Authority for Applied Education and Training (PAEET) in
1982. Under its auspices, the Institute of Teachers was established, which became the College of Basic
Education in 1993 for qualifying specialised teachers for the primary stages of various subjects, such as
the Arabic language, Islamic religion, history, physical education, art education and the English
language. Each teacher taught subject a separate (there is no comprehensive teacher for classroom in all
educational stages)

2.4 Changing Educational Scale Policy (2004-2005)

To cope with the new, modern educational systems both at the global and local levels, the Ministry of
Education introduced a new educational ladder or scale in 2004-2005 to replace the old one (four years
each of primary, intermediate, and secondary, which had been applicable since 1955). The new
educational ladder or scale consists of:
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- Two years of kindergarten (optional not obligatory): 5 — 6 years old
- Five years of primary stage (obligatory): 7 — 11 years old
- Four years of intermediate stage (obligatory): 12 — 15 years old
- Three years of secondary stage (optional): 16 — 18 years old
The reasons behind the change of the educational scale:

1. To take into account children’s growth characteristics and students’ needs at different stages
(childhood, adolescence and youth); in particular, to provide a proper educational environment
to children in primary school as well as in late childhood, which ranges from ages 6 to 11 and
has its specific social, physical, mental and psychological growth characteristics.

2. To provide an attractive environment for growth, so that students are transferred to the
intermediate stage at a proper age unlike the old educational ladder or scale.

3. To add one year to obligatory education, making it nine years (five years of primary and four of
intermediate) instead of eight years in the old educational scale (four years of primary and four
of intermediate).

4. To assist students in completing the intermediate stage after selecting the proper type of
secondary education that satisfies their desires and capabilities, and ensure that students are
mature enough to make this selection after nine years of education.

2.5 Change Science Curriculums for Primary School (2008 -2010)

After changing the education ladder or scale, textbooks were developed and revised to accord with the
new educational ladder and learners’ growth. The science curriculum was one of the areas targeted for
improvement given that science teaching had not changed in 20 years (the old curriculum was added in
1987). The new curriculum began to be followed in the 2008-2009 academic year for the first three
grades and in the 2009-2010 academic year for the fourth, fifth, sixth and seventh grades.

This study attempts to achieve the aim of changing the science curriculum, particularly for the fifth
grade, through seeking possibilities of benefiting from simulation program characteristics to develop
and improve the academic achievement of students, challenge misconceptions, and change students’
attitudes towards learning science.
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APPENDIX 2: The Educational Research and Curricula sector, curricula development department letter

The Educationl Research and Curricula Sector Faldigd g M Sgomdipllad
Curricula Development Department | 5, 215, famm. YRl [ S—T's ~% 1KY

e o ey 200 A e )
L 276'"7//2 / Z#@—Ql}—l' C)LEQ)..QJ
[ a

To Whom Concern

This is to inform you that the science curriculums in the State of Kuwait
has been changed as following:

1- Grades (1,2,3) for the school year 2008/2009.
2- Grades (4,5,6,7) for the school year 2009/2010 .

3- Grades (8........ etc) will change later on .

Sincerely ,
Head Director of Curricula Development Department

Dr. soud Alharbi

Copy to:
- File .
- science unit.

EAYVAQA : pusaald — EAEYE 0 2 Lails — Cugsatl 13001 (gun i 3t - slawali V: .o
P.O.Box : 7 Safat - Code No. 13001 KUWAIT - Tel.: 4842405 - Fax : 4837898
www.moe.edu.ku manahij@moe.edu.kw
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APPENDIX 3: Letter from the first primary school which involved in second experimental group

AL:CANADY o sl
Translation Co. 6 3 ‘I : " . ey psialed

State of Kuwait
Ministry of Education
Al Jahra Educational Area

Rahiyah School A/ for Girls corresponding t0:21/12/2011

To Whom It May Concern

You are kindly informed that that /Mr. ./ Hasan M Alfajjam, Ph.D
Student at Durham University, has visited our school : Rahiyabh School
A/ for Girls for the academic year 2010/2011 to make an experiment in
our school using Data Show for searching to what extent the use of
Simulation Program in teaching the science subject for the fifth grade has
an effect on the scientific collection of the students and their attitude in

learning the science subject.

School’s Principal
Awatef Al Hadeb
(Sealed and Signed)

Seal: State of Kuwait, Ministry of Education, Public Department of Al Al
Jahra Educational Area, Rahiyah School A/ for Girls
Jad pall aill Aaisua FORIRYS

Certitied True and Correct Translation
of The Attached Text in .A..Y.(..l.g.).‘..c;..

=2 Ak

Dz |lo

(+419) YYNEEY 00 — YYLEYOL teygilh— 2SI gl s by s = ol pncns = sl G0l 5l 5L = e — cagy S
Kuwait - Hawalli - Ibn Khaldoon St. - Al-Ghareeb Commercial Complex - Beside KFH Branch - Tel.: (+965) 22644350 - 22644355
E-mail: al-canady_translation @hotmail.com
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APPENDIX 4: Letter from the second primary school which involved in first experimental group

ALLCANADY $aisi
Translation Co. s‘ \d ‘ " . G g

State of Kuwait
Ministry of Education
Public Department of Mubarak Al Kabeer Educational Area

Abdulwahab Al Fares School A/ Boys
Thursday corresponding to 15/12/21011

To Whom It May Concern

The Department of Abdulwahab Al Fares School A/ Boys certifies that
/ Mr. ./ Hasan M Alfajjam , Ph.D Student at Durham University, has
made an experiment in our school for the academic year 2010/2011 using
Computer Lab for searching to what extent the use of Simulation
Program in teaching the science subject for the fifth grade has an effect
on the scientific collection of the students and their attitude in learning

the science subject.

School’s Principal
(Sealed and Signed)

Seal: State of Kuwait, Ministry of Education, Public Department of
Mubarak Al Kabeer Educational Area. Abdulwahab Al Fares School A/

Boys el el Aagaus Aan 0l

Certitied True and Correct Translation
i The Attached Text ing 4mobay G
—2 AR

P

Gl

S

(+4712) YY1£gYo0 — YY16EY0.
Kuwait - Hawalli -

3 Qﬂh-‘@wﬂ‘ saill S ey Sloy = sy all pame — ansil Gpata el p L - o =y S
Tbn Khaldoon St. - Al-Ghareeb Commercial Complex - Beside KFH Branch - Tel.: (+965) 22644350 - 22644355
E-mail: al-canady_translation @hotmail.com
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APPENDIX 5: Letter from the third primary school which involved in first experimental group

Translation

AL-CANADY -

il ot
.S.tate of Kuwait

Ministry of Education

Public Department of Capital Educational Area

Eshbiliyah Elementary School for Girls
Date: 19/12/2011

To Whom It May Concern

Eshbiliyah Elementary School For Girls certifies that / Mr. ./ Hasan M

Alfajjam , Ph.D Student at Durham University, has made an experiment
in our school for the academic year 2010/2011 using Computer Lab for
searching to what extent the use of Simulation Program in teaching the
science subject for the fifth grade has an effect on the scientific

collection of the students and their attitude in learning the science subject.

School’s Principal
Fawziyah Al Shatti
(Sealed and Signed)

Seal: State of Kuwait, Ministry of Education, Public Department of Al
Capital Educational Area, Eshbiliyah Elementary School for Girls

S alll dajaan daa g oda
Certified Yrue und Correct Translation

A "(
e EeE e

2z 172

(+410) YYAE£Y00 — YYALETO. 100 — 20 oI Jygaill s iy iy — s ) faae = il Gipala 0l 5L~ g — 2y I
Kuwait - Hawalli - Ibn Khaldoon St. - Al-Ghareeb Commercial Complex - Beside KFH Branch - Tel.: (+965) 22644350 - 22644355

E-mail: al-canady_translation@hotmail.com
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APPENDIX 6: Letter from the fourth primary school which involved in first experimental group

&
ALCANADY 5 addd]
Translation Co. 6 3 i ‘ " : T

State of Kuwait
Ministry of Education

Public Department of Hawally Educational Area

Mohamed Al Shaiji Elementary School — Boys
Date: 18/12/2011

To Whom It May Concern

The Department of Mohamed Al Shaiji Elementary School for Boys
certifies that / Mr. / Hasan M  Alfajjam, Ph.D Student at Durham
University, has made an experiment in our school for the academic year
2010/2011 using Computer Lab for searching to what extent the use of
Simulation Program in teaching the science subject for the fifth grade has
an effect on the scientific collection of the situdents and their attitude in

learning the science subject.

School’s Principal
Rogqaiyah Sayed Muslim
(Sealed and Signed)

Seal: State of Kuwait, Ministry of Education, Public Department of Al
Hawally Educational Area. Mohamed Al Shaiji Elementary School -

i 34l Gaill Aagaus Aax i 02 e
e, Aadle TN

Certified True and Correct Translation /i o\

o The Attached Text in ﬁ.y.u,i..b.‘,..&

—zAR

PasAre

(#4710) YY1EEYo0 — YY1EEY0. o qal = oS Lopaill s el Lilas — oy all paas — i1 gala ol gobd = Jea — cuy <
Kuwait - Hawalli - Ibn Khaldoon St. - Al-Ghareeb Commercial Complex - Beside KFH Branch - Tel.: (+965) 22644350 - 22644355
E-mail: al-canady_translation @hotmail.com

249



APPENDIX 7: Letter from the fifth primary school which involved in first experimental group

AL-CANADY S
Translation Co. G 3 I‘ ‘ “ . Sastannd) rminl

State of Kuwait
Ministry of Education

Public Department of Hawally Educational Area

Arwa Bent Al Hareth School / for Girls
Member of Schools’ network Affiliating to UNSECO

To Whom It May Concern

The School’s Department certifies that / Mr. ./ Hasan M Alfajjam ,
Ph.D Student at Durham University, has made an experiment in our
school for the academic year 2010/2011 using Computer Lab  for
searching to what extent the use of Simulation Program in teaching the
science subject for the fifth grade has an effect on the scientific

collection of the students and their attitude in learning the science subject.

School’s Principal
Baderiya Al Badiah
(Sealed and Signed)

Seal: State of Kuwait, Ministry of Education, Public Department of Al

Hawally Educational Area, Arwa Bent Al Hareth School / for Girls
Shall aill Aajoua Aa 5 ol
......... Sy Wy
{ ‘ertified True and Correct Translation ISR W ies!
£ The Attached Text in Aksh o & ’ /

_,.7/,\'\»(

e

27<//z_

(+470) YYAEEY00 - YY1EEY 0. ol — Sl Japall s ey Lo — G il pase ‘i,-‘-e'*)" Gl ol g ol = e = oy SI
Kuwait - Hawalli - Ibn Khaldoon St. - Al-Ghareeb Commercial Complex - Beside KFH Branch - Tel.: (+965) 22644350 - 22644355
E-mail: al-canady_translation @hotmail.com
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APPENDIX 8: Letter from the sixth primary school which involved in second experimental group

&
ALCANADY W adldi
Translation Co. 6 3 i : " : ks sl

State of Kuwait

Ministry of Education

Al Farwaniya Educational Area

Al Omariya Elementary School for Boys

To Whom It May Concern

School’s Department certifies that /Mr. ./ Hasan M Alfajjam , Ph.D
Student at Durham University, has made an experiment in our school for
the academic year 2010/2011 using Data Show for searching to what
extent the use of Simulation Program in teaching the science subject for
the fifth grade has an effect on the scientific collection of the students

and their attitude in learning the science subject.

School’s Principal
Hanadi Al Mahmoud
(Sealed and Signed)

Seal: State of Kuwait, Ministry of Education, Public Department of Al

Farwaniya LEducational Area, Al Omariya Elementary School for Boys

Certified True and Correct Translation
W The Attached Text in .AMA./Q,{...(

—= R

/Z$N;/

(+4710) YYEEY 00 — YYAEEYD. 150k — oI Jagail) oy by cilo = ooyl pana — ol Ggala ol g L= s — s S
Kuwait - Hawalli - Ibn Khaldoon St. - Al-Ghareeb Commercial Complex - Beside KFH Branch - Tel.: (+965) 22644350 - 22644355
E-mail: al-canady_translation@hotmail.com
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APPENDIX 9: Letter from the seventh primary school which involved in second experimental group

AL-CANADY $aisl
Traxélation Co. 6 .Li.‘-" . rastiac sl

State of Kuwait
Ministry of Education
Public Department of Al Ahmadi Educational Area

Maryam Hamad Bodi Schooi A/ for Girls Monday: 19/12/2011

To Whom It May Concern

School’s Department certifies that /Mr./ Hasan M Alfajjam, Ph.D
Student at Durham University, has made an experiment in our school for
the academic year 2010/2011 using Data Show for searching to what
extent the use of Simulation Program in teaching the science subject for
the fifth grade has an effect on the scientific collection of the students

and their attitude in learning the science subject.

School’s Principal
Eman Al Shatti
(Sealed and Signed)

Seal: State of Kuwait, Miniswry of Education, Public Depariment of Al
Ahmadi Educational Area, Maryam Hamad Bodi A/ for Girls

Foal paill dagaua das 5 o2

A, Aally
Certified True and Correct leanslaﬁon
1 The Attached Text in AY\(‘AQQ

—2 AR
e
2% [/2

(#A10) YYUEEY00 — YYULEVD. 0306~ a0 Il agail] i ey il = il g = sl sl il k= g = g <
Kuwait - Hawalli - Ibn Khaldoon St. - Al-Ghareeb Commercial Complex - Beside KFH Branch - Tel.: (+965) 22644350 - 22644355
E-mail: al-canady_translation @hotmail.com
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APPENDIX 10: Letter from the eighth primary school which involved in second experimental group

AL-CANADY $aisJl
Translation Co. 6 ; I. ‘ " . et il

To Whom It May Concern

Department of Fahad Al Askar Elementary School for Boys certifies
that Mr./ Hasan M Alfajjam , Ph.D Student at Durham University , has
made an experiment in our school for the academic year 2010/2011 using
the data show for searching to what extent the use Simulation Program
in teaching science subject for the fifth grade has an effect on the
scientific collection of the students and their attitude in learning science

subject.

School’s Principal
Nora Al Ojman
(Sealed and Signed)

Seal: state of Kuwait, Ministry of Education, Educational Capital Area,
Fahad Al Askar Elementary School for Boys.

38 yall adll Asaua 4aa o

..... s::a—:,“A el “
Certified True and Correct Translation e E ]
A The Attached Test in .p,.hu..b.,?.& ) Jg)

— AR

(#4710) YY1E£EY00 — YYUEEY 0. 10ab — oI fapaill s ey iilan = oyl pnme = assd ) (a0l LS — s — oy S
Kuwait - Hawalli - Ibn Khaldoon St. - Al-Ghareeb Commercial Complex - Beside KFH Branch - Tel.: (+965) 22644350 - 22644355
E-mail: al-canady_translation@hotmail.com
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APPENDIX 11: Letter from the edu-media company (www.edumedia-sciences.com) which has been

deal with them in the use of interactive computer simulation software (ICSS) in science education in
this study

To whom it may concern,

Charies Sol, certfy that PhD stucent Hasan Afajam from Durham University UK, has
register to eachecia onling teaching content. ' support him 10 apply ta the FD cealing with
the Effectiveness of Computer Simulation in Science Education (ECSSE) 0 enharce
CONCeDtuld CRaNge are stucent acacemic chievement n primary schoo's

eduMedia nas ceveloped a speciic weashe for primary level (ooto/ luror goumadiae
Zlgncgscomign/ci-anousl Because eduMenia content is cown'oadadle, It Jiows teachers
and researchers 1o embed the content in varicus ervironments

Sest regards

Charles Sol
Director
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APPENDIX 12: Food chain lesson test (In Arabic)
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APPENDIX 12: Food chain lesson test (In English)

- '; h“' -
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Stwse o Boweads
Slimiwery of EducwSon

District:

School:

Sdence Examination for Fifth
Grade
Second Lesson of Third Chapter
{Environmenta] Home of Living
Creature)
First Semester

Name:

Class §:

First Question: Put (True) or (False
1- Th=natorz] homeland is providing the basic iving requirements for the 1ving crssne

{3

2- Fodents have 3 little chance in live in case af reducingthe plants )
3- Ifths rzins ar= mors i any arvinonmeant, the numwber of animals will incrsase {3
4- Ifnumher of camiverons animesls is mare i sy food chain, the mmber af herbivare

amimals 45 less )

Second evion: Fill in spaces:

» Thafrogis feads on

o Bl e AR, T2 first 2piso

imsects ..

= Zourczofthe plants ensrzyis . fhason.. ...
= Thenutrition chains ars called ... ...... noirition giggls.

ds= in the nuirition chain.

Third evion: What do vou ect in the followin

» Ifths zgricoltorza]l fislds are spragred by the insecticids.

= Pollution of the naturz] homeland for the rats.

Fourth estion: Arranee ascending of the sutrtion chain:
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APPENDIX 13: Circulatory & digestive system lesson test (In Arabic)
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APPENDIX 13: Circulatory & digestive system lesson test (In English)

'-.""r‘:\'.
— Science Examination for Fifth
Mliaiery of Educysion Grade -
" Second Unit Name:
nint (Finst Chapter - Digestive and _
o Circulatory System) Class &

Finst Question: True or Falie
. The man's testh ate similar | )
- The wastes arz 2ot 1id of theough larss intestine | )

. Theblood is consisting of white and red cells anly | )
- The whits cells ar= assisting to czzse hemorrhaze | )

e

. The esophazus is taking the food of the mount to thestomack | ) 12

@n

. The heart consists of ventricles and aeriss | )

Second Question: lete the sentence with fhe proper expression

+ Theimportant part of the digsstive syatemis | 1

+ Thelunzpushes | 1o theblood arerizs.

+  Theblood is transfemed to 2l the body parts with assistance of | i
U ) ae msisting the mouth to out and aind the faod

« The nutrient a= tensfemed from the intsstine to the bload through | 1

Third Qruestion: What do vou expect in the following cases:

- Ifthe white clls 22 reduced in the blood

- Hablockaes is ocoumed in the areries.

Fourth Question: Select the correct anywer
1. Apart of the dizestive sysem & tensfring the food from the moh to the siomach:

#)3mall intzsting ) Larseintesting ) zsophazus ) Tonge
1. Apart of the ceulatory syeem transfers the blood to the semaining humen parts:
) Artary b Viins oybloody capillary  d)faad

Fifth Question: Write the Farf's Name:

The Mouth

ThzEsophazus
The Stomach

Szl Intstine

Larzz Intestine

e

30
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APPENDIX 14: Electric circuit lesson test ( In Arabic)
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FoLLow of electric circuit lesson test
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APPENDIX 14: Electric circuit lesson test (In English)

- — District:
SumE:lg;:ld:nnﬁrHﬂh schaal:

Electric Circle

Second Question:

S of Kawalit
iy of Kducydon

1. The followimzpicturs is representing an elacteic circuit and it connacting cisouit on

First Question: Selectthe Correct Answer

B C
]
& S5E
ﬂ attesy

.

Lighsing) ¥eu Lightng Lighsing) Yan Lighsng Lighsing ¥eu Lightng

e

D E F Third Question: Answer the following:
1. Youhave condnct the shown experiment on the diz zram in the lsboratory, and youheve
segistered the followinznotss:
#Ths cifcnit the mast uszhls in onr lifs is symbalizingby: .. and itis callsd

Lighsing) Nt Lighting
Lighting) Yee Lightin A
Hbeag ey «Ifyou tum off any of the lights mentionad in dizzram b, the ciscle will be ...

oIf vou 2dd 2 fourth lisht for the bothcircle, the light will be weak inthe circle ...

G H I sirclang. bis called ...... .. connection ‘ -
(&)
- — =
B
Ligheng ¥is Lighsn 3
Lighsing) Yan Lighsng Lighting ¥a: Lighting
J

Lighting) Nzt Lighting

Lighsny ¥irs Lighsag
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FOLLOW OF ELECTRIC CIRCUIT LESSON TEST

Fourth Question: Whatis the correct position for the electric current

B
A
Thare is only aleetdc The Electric cosremt i 2l
rusment in ane cable oy, cables g0 to helisht
C D
The electric curentinte The electsic cumrentisthe
able e ol baeys semei all bl e
stranztheninzinthe cable

-

The Fifth Question: Answer the Following
1. Heeeds an slectric circlz consisting of 3 lamhs, wirss and battery:
© What a2 your notes of the electric circle when buming of any Jambs?

o Whatis your conclusion

-

Good luck

i
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APPENDIX 15: The pre and post of questionnaire (in Arabic) for the students to measure the attitude for
them toward science teaching and learning
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APPENDIX 15: The pre and post of questionnaire (in English) for the students to measure the attitude for them
toward science teaching and learning

The Attitude Scale for Learning Science (grade fifth)

Note: Please put circle (pre / post)

According to your current situation in learning science, this questionnaire has statements about you and your
interest in science.

Keep in your mind this is a survey NOT a test, so there are no 'right' or ‘wrong' answers. We want to know what
you think. Please choose one of the following five options (Strongly agree, Agree, Neither agree or disagree,
Disagree, Strongly disagree) as applies to you.

Learning science at school
Do you agree with these views? (Please tick only one box in each row)

Neither

g S;rgrnegely Agree agree or Disagree iggg%g

'§ Statement o - disagree <">)

= c'- T : ; ‘ Y 2 ,\

2 = 0N )
1 | We learn interesting things in science

lessons

2 | Science lessons are exciting

| would like to do more science at
school

| like Science better than most other
subjects at school

5 | Science is boring

6 | I find science difficult

7 | I'learn science quickly

g | I get good mark in science.
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In my Science class, | understand

everything

10

Science is one of my best subjects

11

| feel helpless when doing science

Your plans for the future

Do you agree with these views? (Please tick only one box in each row)

Neither

E S;rgpegely Agree g_gree or | Disagree gggg%}é
£ Statement s e 'Saﬁ{ree <,,>)
2 ¥ 40 e
L I would like to study more science in the
future
5 I would like to study science at
university.
3 I would like to have a job working with
science
4 | Science is not important for my life.
5 | I would like to become a scientist.
6 I would like to become a science
teacher.
Scoring Directions:
Each positive item receives the score based on points
A=5 B=4 C=3 D=2 E=1
The scoring for each negative item should be reversed
A=1 B=2 c=3 D=4 E=5
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APPENDIX 16: The pre and post of questionnaire (in Arabic) for the students who used simulation to measure the
usability of interactive computer simulation software in science teaching and learning
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APPENDIX 16: The pre and post of questionnaire (in English) for the students who used

simulation to measure the usability of interactive computer simulation software in science

teaching and learning

What do you think about the Interactive computer simulation software (ICSS)

program?

Note: Please put circle (pre / post)

After your experience current in learning science with using ICSS, this questionnaire has
statements about you and your interest in learning science with using ICSS.

Keep in your mind this is a survey NOT a test, so there are no 'right' or 'wrong' answers. We
want to know what you think. Please choose one of the following five options (Strongly
agree, Agree, Neither agree or disagree, Disagree, Strongly disagree) as applies to you.

Your opinion about the program

Statement Neither

» S;ro:]egely Agree agree or Disagree gitsrgn?éz
2 9 disagree 9

E oh) 3 - & 4>
z w e/le, 3 < %\i

1 | Itis wonderful to use

, | I feel I need to have it

3 | Itis fun to use it at home.

4 | I enjoy working with it

5 | | am favor using it more than a textbook

6 | 1 would recommend it to a friend
Using the program

Statement Neither

< S;rornegely Agree agree or | Disagree (?itsrgn?éz
2 9 disagree 9
2 w e e \ & |
1 | Itis hard to use

5 Icons on the computer screen are easy to

understand
3 | Information on the screen is clear
A Presentation of choices is easy to

understand
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Informative on the computer screen let

> | me work without problem.

6 Terminology is related to the task which
I am doing. (Pack, start..etc)

. It is easy to browse and run this program
through the press buttons

g It is easy to use the program without any
help

5 It was difficult for me to understand the
messages shown on the screen

10 | 1'saved time by quick browsing

11 | The program works the way | prefer

12 | 1do many clicks to reach to task

Learning science from the program

Statement ronal Neither _ ronal
5 Cagree. | Agree | agreeor | Disagree | g ooty
€ o2 ) o "
2 N = 0Y = e
1 It is good using the program for learning
science
It is better than learning science from a
2
text book
3 This program made me like learning
science
4 | 'would recommend it to a friend
. All students should learn science this
way
. The program is not a good support in
learning science
. | rather prefer a traditional method
without using a computer
g | The program made science interesting
g | The program was easy to use at home
10 | did not learn anything new from the
program
The program gave me  better
11 | understanding of something | already
knew
1 The program helped me to understand

new concepts introduced in science
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The program did not allow me to

13 | observe things in science. For example,
plants grow or moon phases.
14 The program will help me get a better

grade in science
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APPENDIX 17: The Interview protocol for science teachers and students

Interview protocol

First; Science teachers’ interview
1. Interview before start intervention; the main topic is; Science teachers’

perspective of using ICT in education

1.1 Personal information:
Name (optional): A
Experience in teaching science (number of years): .......................
From where you graduated: Kuwait university, college of basic education, others
.............................................. (In / out of State of Kuwait).
What are you qualification: Diploma, Bachelor, Master, Doctoral.
Interview before experiment was aimed to know the personal information of science teachers,
experiences, skills and their perspective of using ICT in education.

1.2 General question:

1. In which extent you believe that the ICT is very important in our life this day?

2. How you using the ICT in your privet work?

3. In your opinion in which range do you think that the ICT is useful to use it in the
instructional or education?

4. Do you have ICDL?

5. If yes (Q4), so you’re fit to dealing with ICT (computer software’s and internet
browsing) what kind of software you good working with it?

6. When you were pre-service teachers (student in Education College) do you take
courses about the benefit of integrated or incorporated the ICT with curriculum or

using as tool in teaching?

2. Interview after intervention
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You were involved in the experimental and you used computer simulation software in
teaching science in computer lab / classroom and in the same time or in parallel you using
the traditional method. What | want to know your observations and perspective (feeling and
attitude to use it as education tool) in regarding:

Topic 1: The students’ feelings while using ICSS through teachers’ observation

Topic 2: Simulation influence on students’ understanding of the science topics

Topic 3: Usability of simulation for teachers in science teaching

Topic 4: External factors that affected on the efficiency of the simulation program usability
Topic 5: Teachers’ impressions of differences between using the simulation program or the

traditional method in teaching science

Second; Students’ interview:

You were involved in the experimental and you used computer simulation software in
learning science in computer lab / classroom. What | want to know your feeling and attitude
in regarding

Topic 1: Students’ tendencies toward technological devices
Topic 2: Students opinions on using simulation program in learning science
Topic 3: Students’ preferences between using a simulation program or traditional lab science

for conducting scientific experiments
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APPENDIX 18: A LETTER TO THE ASSESSORS OF THE (ACHIEVEMENT TEST/
QUESTIONNAIRES)

His Excellency /

Asalam Alikum (peace upon you)

The researcher is studying for PhD degree at the School of Education in Durham University,
UK. The title of his thesis is

“The Effectiveness of Using of Interactive Computer Simulation Software in Science
Teaching and Learning, on the Students achievement and attitude for the fifth Grade at
Kuwait Primary schools".

Given your unchallenged knowledge and expertise in the area of science education, I am
submitting to you the aims and the contents of the Three topics of Science which are (The
Food Chain, The Circulatory & Digestive System, and The Electrical Circuit), together with
the (achievement test and two of questionnaires) which | intend to use before and after the
study, given that this test has been prepared in accordance with the aims of the each lessons,

and taken of the questions bank in the Ministry of Education in Kuwait.

Your advice and comments regarding the suitability and clarity of achievement test questions
will be of great benefit to me in my research. Please use the attached form to write down

your comments as appropriate.
Thank you for your cooperation.

The PhD students

Hasan Alfajjam
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APPENDIX 19: Letter from (my) supervisor to my sponsor (Kuwait culture office) to let me
conducted the experiment in state of Kuwait in primary school

U
‘ ' Durham Shaped by the past, creating the future

University

School of Education

August 1% 2010

To: Head of Kuwait Cultural Office

This letter is to confirm that Hasan Al-Fajjam is a doctorate (PhD) student at Durham University
undertaking research on the use of ICT in primary science. Hasan is planning an intervention study
testing the effect of teaching science using computer simulation software in science education in
Kuwait. The research is an important contribution to science and computer education
internationally and will help to develop understanding of ways to improve education in Kuwait.

To carry out his research Hasan will need to contact a number of schools and work closely with
teachers. The research is designed not to affect any pupil negatively and full anonymity will be
ensured in all published data. The proposal has been reviewed by the ethics committee in the
School of Education and approved.

The experiment will be conducted over two periods of time in the schools. The first will start in
October (2010) and end in December (2010). The second will start in March (2011) and will end in
May (2011. The reason why two periods are required is that there are some lessons within the
experiment which will need to be taught during the first term and the others during the second
term according to the curriculum plan for science.

I sincerely hope that you will be able to support Hasan with his research and that you will be able to
assist him in undertaking his planned research, but please do not hesitate to get in contact with me
should you require further information.

Yours faithfully,

S € tlepge

Professor Steven Higgins
School of Education

Durham University

Leazes Road, Durham, DH1 1TA
Tel: 0191 334 8359 (Durham)
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APPENDIX 20: Approval letter (in English) from my sponsor (PAAET) to conduct the
experiment in state of Kuwait in primary school

WP B4 | - B B

Embassy of the State of Kuwait
c .-_,JLA.:.N.,.;.LQJI

Cultural Office
London

Date; US10/2010 2010
Rell SBAMGPASS2

Dear Mr. Hasan Alfajjam

Further 1o your request for approval to carry out a field thip in Kuwait from
01/10/2010 t0 31/12/2010 and form 010372011 tothdend of May 2011.

We would like to inform you that we have receivdd a letter dated
20/09/2010 from vour sponsor (PAAET) in which they Mave approved your
request, on condition that the ficld trip should be one ip only for three
months extendable for two more months after the approval

Wish you all the Best

Yours Sincerely,

)
\\- — I
/Mr, Saif Basheer
Head of Postgraduate Department

o
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APPENDIX 20: Approval letter (in Arabic) from my sponsor (PAAET) to conduct the
experiment in state of Kuwait in primary school

fmﬁassy of the State af Kuwait
Cultural Oﬂi‘ce
London
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APPENDIX 21: The letter from college of basic education (in English) to ministry of
education (assistant undersecretary for public education) to facilitate the task of experimental
for this study in primary school

AL-CANADY & i st

Tranusdation Co, G = I L) ,.-.I.I

The Public Authority
For Applied Education & Training
Facully of Basic Edueation
Mr. /' Assistant Undersecretary of The Ministry of Education for Public
Fducation, Respoctable ...
Date; 23092010
Peace Be Upon You
Subject: Concerning Facilitating the task of My, Hassan
Mohamed Al Fajjam.
Researcher in Ph.D - Major: Curricula nnd Methodologies

In the frame of cooperation  between us to serve the educational and
learning objects, you are kindly informed 10 take what is necessary
conceming facilitating the tasks of Mr. / Hassan Mohamed Al Fajjnm,
researcher ot Ph,D |, Division: Curricula and Methodology, Faculty of
Basic Education who study in Dorham University — Britain in applying
the acadlemic questionnaire on the sticlents of the elementary students |
fifth grade which seeve his study in Phe D stage under the title
The effect of wsing Computer Simulation Program — CSP  in sclence
subject on scientific collection and enhancing the concepts of the
clementary students, fifth elementary stage,
We hope 1o assist the applicant his scientific task

Kind regards
I dasaaa A S ale
o) | Ay
Dean of the faculty VIR e ) Crnent Vrstsbathes
0w Siietord livg i AT o
Professon’ Abdullah Mohans Al Mohana TP
AR
(sealed and signed) "':| \
[EAREIAALELLE LIS LRTEL S TR IR ey L YR JERaE St s ot A Ll e A )s a0

B dn B i M A e b Uit bt Crmpb s Bk M990 sy 1o A 20009 - 20 s
Eoavit sl conely nasdatreaitiensnd!l oone
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APPENDIX 21: The letter from college of basic education (in Arabic) to ministry of education
(assistant undersecretary for public education) to facilitate the task of experimental for this

study in primary school
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APPENDIX 22: The approval letter (in English) from assistant undersecretary for public
education ministry of education after approval of science general instructor to conduct the
experiment in primary school in all sector

AL-CANADY &£, $ 2isl
"Trumssistion Co. 6 s ‘ " Lunidomes yeminbol

State of Kowall
Ministry of Edueation
Office of Underseeretary
Ref: 2153
Date: 2600/2010
Sir! Genernl Managers of Educational Aveas  Respectable ,,
Groeclings
Subject : Researcher/ Mohnmed Hassan Al Fajjam — Facilitating = task
With reference to the letter of the public Authority for Applied Education
dated 23/0972010 and the approval of the general technical instruetor on |
10420100
Having reviewed the plan and content of the research conceming the
aforementioned subgect,
Yaou are kindly informed to take what is necessary 1o Iacilitute the toks of
the researcher’ Hassan Mohamed Al Fajjam to apply his stdy on the
elementary male and female stodents, fifth grade in various educational

areas,
Kind regards

Assistant undersecretary for Public Edueation
(sealed and signed)

el ""— 1A A
Lo tiihl Tewr aml ¢ ALLLL IR FISTTT Y l\,s !

Vo At Tiat e }Ah "VEY [ N
f

AV Ty LARLTLEBICNTL IR0 [ e TSR S ) PR SR AR N R 2 AP
Feset ol 1 Xhbies b MORmbh U Resind Cimgles b LT E PN 22000050 - 20448
Poredl d onaly tasbasm® bossad rom
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APPENDIX 22: The approval letter (in Arabic) from assistant undersecretary for public

education ministry of education after approval of science general instructor to conduct the
experiment in primary school in all sector
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APPENDIX 23: Booklet guide (in Arabic) for the science teachers in how to use of interactive
computer simulation software (ICSS) in science teaching in this study

(@AM\ ua)ﬁl.)) eJM\ w\)ﬂ slslaal) @AUJ,! a\éﬁu\ d...ﬁé

plaaiu) Adlads LAl (o203 sl (2011-2010) ol sl Aud ) g 5 0l 13
b astall alei 8 agilaladl s Al alal) Jueastl) e V1 Caulal) 8 8lSUaall iy
sy S A3y A1) Al jally o shal) a3

284



oalal) Caall a3 aslall aladl BSLaall aligy Aladil A8 e JildI 1

285

Alany) Als el

i Juai¥l 8 aa i Y jludiudl
00447553160423 : sasiall dSlaall - Caila
0096599023358 : < <l — uila
h.m.h.f.alfajjam@durham.ac.uk 3555 ASIY) & yall

alfajjam@yahoo.com




dad 84l da_dua

Prof. Steve Higgins
Dr. Per Kind

Hasan Alfajjam

Durham University
School of Education

See the
experimental plan

fs | acliiMar

srle (s gt Calall Aadia o

ealall il e Gyl s o
o sladl s 5l BlSLaal el o Aniial) 4S5l (je i o

286




(Cr—gdll) (5 ginall

(uweadl) Olhgisesl

3 ) o glal) AR Fan ) Sladl agle 1 Jg¥) San gl
) G Y el Ll 5 5 ogilal) Aty - J Y1

8 ally gl - A Lall gtials 3o 200 gl Bty - 2D Ladl
Gphaiaall g ol Sl Bl Joadll Adal) 1 8 el Joall

Cupally gl 7 ) Joill il T A ) e syl el

Gyl e (AN Fan gl

b 053 Slams omingl) Slead) 15 ol
il Sleall
pead gl Aaa o Adailad) - S8 Ll

G ) age et saa gl
olall G 7Y el

o ¥ gy A Ll

RO LS T TG i P

SdsY ) o bl

Ll g g i) Ay

w&\mﬂe#\c@(wﬁ\)ﬁh)ﬁu&LQMM\aM

287




sliad) agle : A g¥) Baa gl
il g g il Al ¢ oY) Juadll

Sl po—lc 1 oVl a9l A
L—prinbg ¢ ©bll &py eVl Jas

Sl s &S (1) Gl ‘ B

C

Gl U L)
£ 92 gal BlSLaal
P A VS |

sV san Sl J N1 Jeadll g ja (a et Anduall o3a

A

el g Al ol jLady Al

I Jaadll A 1) Calaa Yy

IV eadll A aalid) [ ¢

288




BlSlacall aladinly J oY) Jaadll G G yal)

£ 53 A U ladial

5 ad, dadall

BJA)'S\ ;\)Aiw)duafﬁcab)ﬂ\uﬁw\o&

Aaalill e 4 5 el

289




Js¥) Juadll LY L) (clalbias) asalia

Pollination- gk

Ovary- o=

Ovule-4z5

Fertilization— <lad!

Ltk s 5558 3 o al aalia (o jad zali pully dadiall o2

e bl die (pa jeidasall oda

290




32 I ﬁ\jeiouﬁd.AﬁﬁJj

activity explore plant Arabic [Compatibility Mode] (Preview) - Microsoft Word

oAy -
—/ | pint preview @
A == ) [} onerage ¥ ShowRuler .
=h 2y J i;‘ [j 1 _i LJonepag b Next Page
sl . o] H_J]TWO Pages ¥ Magnifier
prht Options | Margins Orientation Size | Zoom 100% _ S } Previ Close Print
- > - =) page Width || &5 Shrink One Page - Previous Page iz
Page Setup i Zoom Preview
1181 1121 151 141 Y ]
— : . ¥
AU U kil
X X G*’
X X . .
k x 6 Aadal
X X A
X X
3 X
X X
& X
X X
& X
X X
& K
X X
% K
- X X
= % X
- X X
- X X
E X X =
- g 1 2 @l g
- e emeprpapssims N
- % (3 NET I N e X
: == &
& = X
X = X
- & K
- X X
% K
: X X
% X
X X
- % [ i
X _ X
X < X
3 TR FIVIF {
- X X
_ & X
X X
- & K L
i i i v
s £
- )
3
Pageilofl Ab33em Line:2 | Wordsi6l  ff  Arabic(kuwait) T

umentl - Mic.

dadall oda Helii 6 Antia —— e haiailadie

291







APPENDIX 23: Booklet guide (in English) for the science teachers in how to use of
interactive computer simulation software (ICSS) in science teaching in this study

The handbook for the Science Simulation Program (SSP) CD-ROMs

This is the Project for PhD study (2010-2011) to investigate the impact and
effectiveness of using computer simulation software, in students’ learning outcomes
and attitude, in primary science teaching in the State of Kuwait.

Supervisors
Prof. Steve Higgins
Dr. Per Kind

PhD student: Hasan Alfajjam

School of Education
Durham University

United Kingdom
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Introduction

This guide or handbook is showing you How to use the program for science simulation

to teaching or learning science fifth grade for age 9 - 11.

For any questions please do not hesitate to contact the:

UK Mobile: 0044(0)7553160423

Kuwait mobile: 00965 99023358

Or by E-mail: h.m.h.f.alfajjam@durham.ac.uk
alfajjam@yahoo.com

This program under supervision:
Prof. Steve Higgins

Dr. Per Kind

School of Education

Durham University

United Kingdom

Student: Hasan Alfajjam

294



The Introduction Page

Prof. Steve Higgins
Dr. Per Kind

Hasan Alfajjam

Durham University
School of Education

See the
experimental plan

s or iMedin

Press to
“Start”

This the first page in the program
This page including:

e The name of the supervisors
e The name of students
e The company which provided the simulation
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Content (index)
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Press here to go to Press “Back” to

the plants and its
go page 1

functions chapter

This page in the program including the CONTENTS of text science
book for fifth grade
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The first unit

Chapter I: The plants and functions unit

sl polc 1 oVl da>gll

| m 2 1% .
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" ”
Click here to view a Press “Back” tg

simulation of the subject go page 2

of the second lesson

This page shows the lessons of the first chapter of the first unit:

A
Test questions before and after tests

he main objectives of the first chapter

The Key concepts for the first semester
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The second lesson the first chapter presented in a way that
the simulation

Back

Press “Back” to
go page 3

This page in the program presents the flower parts.

This is the worksheet for the students’ activity.

This is the concepts for the flower parts lesson.
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The concepts for lesson two in chapter one

i tals are used to attract insects into the flower, they
may have guidelines on them and be scented.
— Is Coveredin a sticky substance that the polien grains
will acher
The style raises the stigma away from the Ovary to
petdl Style decrease the likelihood of pollen contamination.
varies in length
sti T This protects the ovule and once fertiization has taken
s&: - =y place it will become the fit
ooy |14 This is the flower's attachment to the stalk and in some
owle g Receptacle cases becomes part of the fruit after fertfization e.g
receptacle \ / strawbery
= Sepals protect the flower whilst the floer s developing
fromabud.
Flower stalk Filament This is the stalk of the Anther.
The Anthers contain pollen sacs. The
polien on to the outside of the anthers
against insects on entering the flowers. The polien once
Anther
deposited on the insect is transferred o the stigma of
another flower or the same flower The ovule i
able to be fertilized.
Please note
The stigma, style, ovary, and ovule are often known collectively as the carpel o
female parts of the flower
The filament and the Anthers are collectively known as the Stamen or the male pats

Press “Back” to
go page 4

Back

This page in the program presents the concepts for the flower parts,

this page showing when you press

B

in page 3.
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Worksheet for the flower parts lesson

ﬂ}ga ~ Ruler ~ Document Map QEJMM
= = Grdiines ~ Thumbnails [rworsges | -
Pint Full Sueen Web Outine Deaft Zoom 100% _
Layout Reading Lzjout Message Bar S) Page Width
Document Views Showkide

Press X to back
page 3

Press office
button to print
worksheet

B e e s

When you press ( see page 3) this page in the worksheet for the

flower parts lesson.
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The End



APPENDIX 24: The simulation lesson of how flower reproduce the seeds and fruits as pilot study before conducted the main experiment

Lesson (3): How does the flower
reproduce the seeds and fruits?
\ )

a N
Method: Picture (simulation) +

Narration + in screen print text
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APPENDIX 25: The worksheet for lesson of how flower reproduce the seeds and fruits as pilot study

before conducted the main experiment

L .
LT Science Department

Student Name

Class number

P \\**,
(1) 2) k a)
In terms of Flower (1) | Flower (2) | Flower (3)

The number of Sepal

The color of Sepal

The number of Petal

The color of Petal

The number of Stamen

The number of Pistil

Draw the Stamen

Draw the Stamen

Explain:

Why there are different colors of flowers?

Good luck
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In this
schedule
comparing
between
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APPENDIX 26: The Q-Q Plots normality test

Normal Q-Q Plot of Total (FC) topic 1 pretest
Normal Q-Q Plot of Total (FC) topic 1 pretest
Class= Experimental group

Class= Control group
3
2
pa
.
—
B :
5 5
z 5 o
3 H
- I
o @
g &
x [
[
2] 2
3 -3
T T T T T T T T T T T T T
-5 0 5 10 15 20 25 -5 0 5 10 15 20
Observed Value Observed Value
Normal Q-Q Plot of Total (FC) topic 1 Post-test
Normal Q-Q Plot of Total (FC) topic 1 Post-test Class= Experimental group
Class= Control group kal
pu
|
|
E o]
T 5
5 z
z T
T 4 £
2
g &
& & L
W,
3+
3+
4 -4
T T T T T T T ) T ) T
0 5 10 15 20 25 5 10 15 20 25
Observed Value Observed Value
Normal Q-Q Plot of Total (C&DS) topic 2 Pre-test
Normal Q-Q Plot of Total (C&DS) topic 2 Pre-test
Class= Control group
Class= Experimental group
2
-
2 2
g T
g’ 5
z
3 T o
H g
g o 2
3 g
w [
EE
2
24 3

T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25

Observed Value Observed Value

304



Expected Normal

Expected Normal

Normal Q-Q Plot of Total (C&DS) topic 2 Post-test

Class= Control group
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Normal Q-Q Plot of Total (EC) topic 3 Pret-test
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95% CI

95% ClI

Learing environment

First experimental group uses interactive computer simulation
software in computer laboratory (Exg1)
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