Universal Journal of Educational Research 4(3): 465-474, 2016

DOI: 10.13189/ujer.2016.040301

http://www.hrpub.org

The Effect of Simulation-assisted Laboratory Applications

on Pre-service Teachers’ Attitudes towards

Science Teaching

Seyma Ulukék', Ugur Sari®”

'Department of Science Education, Faculty of Education, Bozok University, Turkey
*Department of Science Education, Faculty of Education, Kirikkale University, Turkey

Copyright©2016 by authors, all rights reserved. Authors agree that this article remains permanently open access under the
terms of the Creative Commons Attribution License 4.0 International License

Abstract In this study, the effects of computer-assisted
laboratory applications on pre-service science teachers’
attitudes towards science teaching were investigated and the
opinions of the pre-service teachers about the application
were also determined. The study sample consisted of 46
students studying science teaching Faculty of Education. The
study data were obtained after students participated in an
eight-week computer application embedded in the margins
of the course “Laboratory Applications for Science Teaching
II”. Explanatory design, which is a mixed method research
design, was used in the study. The quantitative data in the
study are collected by using attitude scale and the qualitative
data are collected via semi-structured interview form. For the
analysis of the quantitative data, paired sample t-tests and bar
graphics were used. For qualitative data analysis, content
analysis was made. The results reveal that computer-assisted
laboratory applications had a significant effect on pre-service
teachers’ attitudes towards science teaching. Moreover, the
pre-service teachers defined the simulations as useful
applications. They also indicated that the simulations were
effective for their learning, supported their knowledge, and
affected their attitude and motivation towards the lesson in a
positive way. They also defined the characteristics they
expected from simulation programs as being easy to use and
enjoyable, and concretizing the information and developing
creativity.

Keywords Attitude, Computer Simulations, Laboratory
Applications, Science Teaching

1. Introduction

In today’s circumstances where science and technology
develops rapidly, science courses, which have a broad
conceptual framework, are taught using several different
methods, techniques and models. Of these, one of the most

effective is the laboratory method, which provides
permanent learning and also gives students the opportunity
to work individually or in a group [1]. With effective use of a
laboratory, theoretical knowledge is turned into practical
knowledge, necessary experience is gained, manipulative
skills are enhanced and the students learn to work together,
share information and ideas, ask searching questions,
determine the problems and find solutions by co-operating
with the people around them [2]. For these reasons, we can
claim that it is necessary for an effective science course to
use laboratory applications [3].

Although it is stated in the literature that laboratories are
important and laboratory applications are necessary for good
science teaching, it is also noted that several factors restrict
or negate the effective use of laboratory applications. These
include: planning of the curriculum without considering the
laboratory applications and short lesson times [4-6], negative
views and attitudes of some teachers towards laboratory
applications [7,8], lack of effective and sufficient teaching
materials [9], not paying enough attention to safety in
laboratory conditions [10], crowded classrooms [11],
problems in classroom management and students’ lack of
background information about the topic [12] and using
justification activities in laboratory instruction [13,14]. All
these situations contribute to make it problematic the use and
the effectiveness of the laboratory during the teaching. In
order to overcome these kinds of problems and enhance the
success of students in science, suitable alternative teaching
methods have been developed. For example, the use of
computer simulations that attract attention in education
studies is one of the promising developments in computer
technology with educational potential [15].

With the help of simulations that are easy to use in Science
teaching, the students can observe natural events which
cannot be seen directly because they may be too large or too
small, too slow or too complex [16,17]. In addition to this,
experiments that are difficult to control, are too expensive
and hazardous and also too difficult or impossible to be
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realized in laboratory environments, can be performed via
simulations in a virtual environment [16, 18,19]. With
computers, by producing a virtual environment in which
several simulation applications appropriate to real
environment can be realized; data that are difficult to obtain
under laboratory conditions can be more easily achieved,
experimental data can be processed rapidly and reliably,
much data can be gathered in a short time and an
experiment can be repeated as much as necessary [16,18,
20].

For successful application of computer simulations, which
are an alternative model to the traditional laboratory model
and have widespread use, the attitudes and motivations of
science teachers and pre-service science teachers towards
science are as important as the development of qualitative
educational software. When the literature about science is
reviewed, it is understood that science teachers play key
roles in realizing the objectives of science education [21].
Teachers’ successful realization of their responsibilities is
directly related with the attitudes they develop towards their
profession; the attitude towards science teaching is one of the
important constituents of effective science teaching [22].

The attitudes of teachers towards science teaching affect
not only their understanding of science and their thinking,
but also implementations in science classes [23]. In their
studies, Mattern and Schau [24] discovered that teachers
with positive attitudes towards science and science teaching
provided more productive classroom environments and, as a
result, their students developed positive attitudes towards the
course and teacher, which enhanced their success and
motivation for studying science. Other studies in the field of
science teaching showed a parallel relation between the
attitudes of teachers towards science and science teaching
and students’ attitudes towards science. These attitudes
towards science were shaped during pre-service times
[25,26].

Ozdemir and Kaptan [22] stated that the learning-teaching
process that pre-service science teachers experienced before
their university education formed the basis for their attitude
towards science teaching; the information students received
in science courses until their undergraduate education, their
success in these courses, the attitudes of their teachers, the
experiments done in classes or in laboratories, and the
classroom environment provide a basis for the attitudes
developed by the students towards science teaching. During
university education, teacher training programs, and their
contents, the attitudes of instructors teaching science courses
or any courses about science and science education have
effects on pre-service teachers’ attitudes towards science
teaching. For carrying out intended in-class applications and
to enable science teaching to reach the desired level, it is
crucial to affect the attitudes of pre-service teachers towards
science teaching in a positive way before they begin to work.
Because of this, applications that will positively affect the
attitude towards teaching should be used in faculties of
education, where the attitudes of pre-service teachers are
primarily shaped. Moreover, although the attitudes of
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teachers and pre-service teachers towards science are
analyzed in detail, there are not enough studies on
pre-service science teachers’ attitudes towards science
teaching. Therefore, the study aims to complete this gap in
literature. In this study, we investigated the effect of
simulation-assisted laboratory applications on the attitudes
of pre-service teachers towards science teaching and
teachers’ opinions about the application. On the basis of the
aim of the study, following research questions are
determined:
® Do the simulation assisted laboratory applications
have significant effect on attitudes of pre service
teachers towards science teaching?
® What are the opinions of pre service teachers about
simulation assisted laboratory applications and the
programs used?

2. Methodology of Research

2.1. General Background of Research

In this study, explanatory design, which is one of the
mixed method research designs, is used. In this kind of
research that includes both qualitative and quantitative
research designs, researchers first gather quantitative data,
analyze them and then gather qualitative data in order to
complete and refine them [27].

For the quantitative analysis part of the study, one sample
pre-test/post-test design, which is among the experimental
designs, is used. The characteristic feature of this design is
that the study is done with one sample and the measurements
of the sample are taken both before and after the method is
applied [28]. For the qualitative part of the study,
semi-structured interviews are carried out in order to reveal
the opinions of pre-service teachers about the application.

2.2. Sample of Research

Participants of this study are 46 junior students studying
Elementary Science Teaching at Kirikkale University’s
Faculty of Education during the spring semester of
2011-2012 educational year. Convenience sampling is used
for determining the participants [28]. The reason for
choosing this method is that the preservice teachers have
voluntarily accepted to participate in the study.

2.3. Data Collection Tools

2.3.1. Science Teaching Attitude Scale

The Science Attitude Scale, developed by Thompson and
Shringley [30], and adapted by Tekkaya, Ozkan and
Cakiroglu [29], is used in order to determine the attitudes of
pre-service science teachers towards science teaching. The
reliability coefficient of the ‘Science Attitude Scale’ is 0.83
and it is composed of 21 items in total, 11 of which are
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positive, 10 of which are negative. The item statements are
ranked with a 5-point Likert style scale as: strongly agree,
agree, undecided, disagree and strongly disagree. For the
negative items in the scale, inverse scoring is performed.

2.3.2. Interview form Regarding the Simulation Assisted
Laboratory Applications

To reveal the opinions of the pre-service teachers about
simulation-assisted laboratory applications, a
semi-structured interview form was developed. The
questions on the form were developed by reviewing the
literature. The views of two experts were taken to assess
content validity and then the number of questions was
reduced to four.

2.4. Computer Simulations Used in the Study:

For the experimental group, the Direct Current Kit,
developed for Colorado University’s Physics Education
Technology (PhET) Project, Lab Faraday’s Electromagnetic
Simulation Software(http://phet.colarodo.edu/en/simulations),
and “Crocodile Physics” Software (http://crocodile-clips.com
/en/Crocodile-Physics) were used. The PhET software was
adapted into Turkish and the relevant experiments were
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arranged in a way that the students could do the experiments
easily by themselves in a virtual environment. The materials
and tools necessary for the experiment were chosen from the
tools menu and on a display screen they can be formed into
any desired style; necessary controls and varieties were made
by using the tools. Moreover, necessary measurement values
were given by measurement tools; graphics can be drawn by
graphic tools when needed, so that the data could be
evaluated (Figure 1).

The Crocodile Physics program gives students an
opportunity to perform virtual experiments, which are
appropriate to their own designs, on the topics of electricity,
motion, optics, and wave (Figure 2). In the Crocodile Physics
program, the topics are presented as a whole. As seen in
Figure 2, on the left of the screen, there are models separated
by topic, object, and the menu that give opportunities for
experiments. Users can form the tools and materials and
options, such as graphics, they will use in the program by
themselves and they can use these in a picture and in symbol
form. On the upper part of the screen, there are shortcut keys
that allow users to make changes on the mechanism of the
experiment. Before carrying out the study, the researchers
taught the pre-service teachers how to use the software for
about two hours.
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Figure 2. Crocodile physics program

2.5. Implementation

This study lasted for 8 weeks and 32 lessons within the
margins of the “Laboratory Applications II for Science
Teaching” course of the Elementary Science Teaching
Program.

The instructions for laboratory experiments prepared by
the researchers included the objectives for the topic
‘Electricity in our lives’. 6th, 7" and 8th degrees science
courses all have this topic, so the pre-service teachers will
teach it in their future career. Under the supervision of the
instructor responsible for the course, the application was
conducted by the researcher in 4 lessons each week. Before
the application, pre-service teachers were informed about the
functions of the simulation activities and instructions of the
experiments to be done; a model application was shown
about a problem.

For an effective application, pre-service teachers were
grouped and, while forming the groups, the researchers made
sure to include teachers with different grade point averages
(according to grade point averages of the course “Laboratory
Applications II for Science Teaching”) within each group to
ensure heterogeneity within the groups but homogeneity
among the groups. Later on, the pre-service teachers were
divided into 9 groups, 5 groups of which had 6 people and 4

groups of 4 people. To decrease the number of pre-service
teachers and to ease the researchers’ work, the groups were
divided into two. Five groups were randomly chosen for the
first two lessons and the other five groups were asked to
participate in the other two lessons. In order to eliminate the
effect of time the groups were asked to take turns
participating in the classes every week. After that, each
group was provided with a computer. In the first lesson,
when the application began, the first problem state of the
study was delivered to pre-service teachers in a written
format and group members were asked to detect the problem
state by working together. During this phase, the researcher
helped and guided the groups, where necessary, so that
mistakes or deficiencies were detected. Until the next week’s
class, within a week, the pre-service teachers were asked to
find the information sources and think about experiments for
the solution of the problem by gathering together and sharing
the information they got. So the students who found the
necessary information first do the experiment that will be
helpful for the solution of the problem in a virtual
environment and then they do it in a real laboratory
environment, integrating the information they got from the
virtual experiment with the outcome of the real experiment
and reach the solution of the problem. In the first 30 minutes
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of the next lesson, two or three groups were randomly chosen
and asked to present the activities they did. If these
presentations were not enough, other groups were asked to
make presentations about the things they did. Under the
guidance of the researcher, a discussion was held and the
problem was solved so that the students could progress to the
other problem. That week, students submitted the reports and
presentation files they prepared. At the end of the application,
post-tests were done and the voluntary pre-service teachers
were asked to give their opinions about the application. The
application phase lasted for 8 weeks total, including the pre-
and post-tests.

2.6. Data Analysis

For quantitative data analysis, SPSS 17.00 was used. To
identify significant differences between the pre-service
teachers’ attitude points, a paired sample t-test was used.
Using descriptive statistics, the changes in the attitude points
of the teachers were evaluated in detail with a bar chart.

For qualitative data analysis, the content analysis
technique was used. Content analysis necessitates in-depth
analysis of the collected data so, the themes that are not
apparent are revealed. The data and certain concepts that are
similar to each other are gathered together and arranged and
interpreted in a way that the readers can understand [30].

Thus, with content analysis, a frame is formed from the
collected data then codes, themes of these codes, and
sub-themes are determined. The last form of the
categorization process is evaluated by two field experts. The
criticisms made by experts are compared with the categories
of the researchers and the number of agreements and
disagreements are determined. The reliability of the study
was computed using the Miles and Huberman’s [31] formula
(Reliability= Number of agreements \ [Number of agreement
+ Number of disagreement]*100) and was 91%. If the
reliability coefficient is above 70%, it is accepted as reliable
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for the research [31].

While reliability is one way to increase the credibility of
the study results, basing the validity on a strong foundation is
another way. Reporting the collected data in detail and an
explanation of how the results were reached are important
for the validity [30]. By considering this fact, analysis results
are given in detail in order to ensure the validity. Later, the
frequencies of these codes are shown on a chart in order to
provide easiness for the reader and to visualize the study.
The identities of the students interviewed were not revealed
and numbers were assigned to each student (For female
students: F1, F2...; for male students: M1, M2...).

3. Results of Research

3.1. Results and Interpretations about Science Teaching
Attitude Scale

For the Science Teaching Attitude Scale, we found a
significant difference between the pre- and post-test scores
of pre-service teachers’ (Table 1). These results show that
simulation-assisted laboratory applications have a positive
effect on the attitudes of pre-service teachers towards science
teaching. We found that there was an 87% positive increase
in the attitudes of pre-service teachers towards science
teaching after performing the simulation-assisted laboratory
activities (Fig. 3).

Table 1. Paired sample t-test results related to science teaching attitude
scale scores

N M SD df t p
Pre test 46 54.52 8.44
45 -10.87 *0.00
Post Test 46 61.50 8.63
*p<0.05
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Figure 3. Pre-service teachers’ science teaching attitude scale scores.
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Table 2. Student opinions about the question ‘Are the simulation applications useful for you? If yes please indicate in what ways they are useful?”
Theme Sub Theme Codes Frequencies(f)
Providing permanent learning 17
Concretizing the information 12
Making the learning easy 6
Appealing to more than one sense 6
Supporting effective learning and information
Associating to real life 5
Understanding the lesson better 4
Recognizing the experiment tools better 4
Uses Completing the lack information 3
Finding the lesson enjoyable 18
Loving the lesson
Attitudes and motivation towards the lesson
Motivation for studying the lesson 5
Focusing attention on topic 4

3.2. Qualitative Data Results

Among 40 students who participated in the study, 36
volunteer students gave their opinions about the application.
The opinions of the pre-service teachers about
simulation-assisted laboratory applications were
investigated using these answers. Common themes were
determined and coded by referring directly to the opinions of
students and these codes subsequently interpreted.

The students’ answers to the question ‘Are the simulation
applications useful for you? If they are, please describe in
what ways they are useful.” revealed that all of the students
considered simulations to be useful. The points that students
focus on most are that simulation applications are effective
for learning; and that they concretize the abstract information
and facilitate permanent learning (Table 2). Example
opinions of pre-service teachers relevant to these points are:
“I am very happy to get the education that our age
necessitates because after this application, the things I have
learned are more permanent.” (F4); “As the application is
more student-oriented and as it appeals to more than one
sense, it enables the information I get to be more permanent”
(MYS); “Before the application I have thought that I would be
unable to complete my knowledge of electricity but this
application enables me to fill these gaps in my knowledge”
(M2). Another point revealed here is that the simulations
appeal to more senses and they enable students to better
recognize the materials and tools of the experiment prior to
the real laboratory application. For example: “As the
application is more student-oriented and appeals to more
than one sense, in other words, as more sense organs
interact with each other, the information I get is more
permanent” (M2); “This application is very useful for me
because I have been confused about which tool works for
which action and how they are used, but after this
application, I can easily do experiments that I have had
difficulty with before as I now better recognize the tools and
materials” (F3).

In addition, students stated that the simulations provided

an enjoyable learning environment, so that they enjoy the
class; they love the class and their motivation for studying
that class is enhanced (Table 2). The following pre-service
teachers’ statements are relevant to this finding: “At¢ the
beginning of the application I didn’t expect that the class
would be enjoyable. I expected that it would be a class with
routine laboratory activities. But I was mistaken. The classes
were very enjoyable” (F17); “I think this application is very
enjoyable and instructive” (F11); “This application enables
me to like laboratory classes that have been nightmares for
me before and enhances my motivation for studying the
class” (F28).

Among the answers to the question “What are the
problems you have faced during the laboratory activities or
what aspects of the application did you not like?” difficulty
of use was the most important matter for the pre-service
teachers (Table 3). With the statements “The application is
very useful but as the program is in English and as I had
never used this program before; I had difficulties during the
simulation phase of the application” (F17); “My friends’
leaving all burden of the application to me and not helping
me for 8 weeks has caused me to have a negative attitude
towards the class and the instructor” (F14); “As I couldn’t
identify adequate program resources and as I had to consult
with the instructor whenever I had questions, I had
difficulties during the application” (M15). “As the programs,
especially the CrocodilePhyics program, are too confusing
and leaves all of the work to the students, it has caused me
difficulties to learn the program” (F23). The students
indicated that they couldn’t achieve all of the program’s
requirements and, as it is written in English, they found it
difficult to use.

Being unfamiliar with this method also caused pre-service
teachers to form a negative attitude towards the simulation
applications. Statements such as: “the application is
indisputably useful but it is a little difficult for me because
this is the first time that I have carried out laboratory
applications in this way and I am unacquainted with
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simulation applications” (F8); and “As we are accustomed to
traditional laboratory methods, we have found this kind of
lesson difficult. However, after we get accustomed to it, we
have understood that it is a very important application and
including it to our lessons is necessary” (F15), indicate that
although they internalize the traditional laboratory method,
they consider simulations important and necessary aspects
of the taught courses. Moreover, the pre-service teachers
complain about “their inefficiency in using the program”;
“the program’s requirement for creativity when designing
the experiment”; “lack of collaboration within the groups”;
and “their having negative attitudes towards computers”.
The students also indicate that they experienced barriers to
using the program. For example: “As I was unacquainted
with the program, I could not gain much experience from
using it” (F6); “I hate using computers and I had to use a
computer in this class. After all, I don’t have sufficient
ability for using computers” (F16). Those students that have
weaknesses in using computers appeared to be prejudiced
towards computer programs and therefore experience
problems and difficulties with the simulation applications.

Fifty-nine percent of the pre-service teachers indicated a
positive opinion for the question “Do you want to use these
kinds of simulations in your class when you become
teachers?”. Most teachers that would like to implement the
simulations felt that they were somehow advantageous:
“they concretize the abstract topics™; “appeal to more than
one sense”’; and “they are enjoyable and interesting” (Table
4). Students’ statements relevant to this include: “/
absolutely want to use this kind of application when I become

a teacher because it concretizes abstract topics such as

471

electricity, it appeals to more than one sense and it makes
the lesson more enjoyable and interesting” (M34); “As these
kinds of applications are enjoyable and instructive, I want to
use them in the future” (F26); “I am more willing to come to
the classes now than I was previously. The lessons have been
too monotonous for me before but now that I am able to have
lessons with both my friends and my instructor they are very
enjoyable for me” (M4).However, four of the pre-service
teachers stated that they would not want to use this kind of
applications when they become teachers, although they did
indicate that they had internalized the constructive approach.
The reasons given for this negative attitude included: that the
application was too time-consuming; and that they are
accustomed to traditional instruction and the close-ended
experimental technique. For example: “This kind of
application takes too much time, so I don’t want to use them
when I become a teacher” (F31); “It is obvious that the
application has benefits but I prefer the traditional technique
because I have become accustomed to it; I experienced only
close-ended experiments and demonstration experiments
throughout my own education” (M18); “This kind of an
experiment is time-consuming and needs too much work. So [
think it is more reasonable to use the traditional method”
(F26). When the answers of the pre-service teachers to the
question “Which of the programs you have used are most
effective according to you and why?” were analysed, it was
seen that while 19 teachers preferred the PhET programs, 10
of the teachers considered the Crocodile Physics program to
be most effective; and 5 of the pre-service teachers did not
express an opinion.

Table 3. Student opinions about the question “What are the problems you have faced during the simulation assisted laboratory activities or what aspects of

the application did you not like?”

Theme Sub theme Codes Frequency(f)
Difficulty in using the program 9
Not being familiar with the method 7
Application’s being tiring 3
Loss of time 3
Attitude Negative attitude Dislike of computer 3
Problems in collaboration 2
The application’s demands for too much work 5
(necessitating practicality)
Lack of source 2

Table 4. Pre-service teachers’ opinions about the question “Do you want to use these kinds of simulations in your class when you become teachers?”

Theme Sub Theme Codes Frequency (f)
I will use Thinking that it is a useful application. 20
Application status Thinking that it is time consuming 7

1 will not use

Preferring another method over this method 7
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Table 5. Pre-service teachers’ opinions about programs.

Category PHet Frequency (f) Crocodile Physics Frequency (f)
Concretizing information 10 5
Being easy to use 8 5
Being more enjoyable 7 5
Being real-like 6 3
Making learning easy 5 2
Providing permanent learning 4 1
Strengthening conceptual learning 4 2
Saving time 3 1
Associated to real life 3 2
Enhancing creativity 1 6

When the pre-service teachers’ opinions about programs
were analysed, the PhET programs were preferred because
they: provided permanent learning; were easy to use; were
enjoyable and life-like; made learning easy; developed
conceptual learning; and are associated with real-life (Table
5). Examples of students’ statements about the PhET
program include: “For me the PhET program is more
effective because it is more concrete. Its phase of
experimental design is short, the tools are life-like and it is
more colourful” (M16); “When I compare the programs, it is
easier to use the PhET program;, it is more enjoyable and
visual” (F9). Whereas 6 of pre-service teachers indicated that
they preferred Crocodile Physics because it is more effective
for developing creativity. Some of their statements are as
follows: “As the Crocodile Physics program leaves most of
the phases to students, it improves creativity”; (F5), “Many
of the phases in this program are open to exploration so it
enables me to use my mind and to brain storm and in this way
my creativity has developed” (M1).

4. Conclusions and Discussion

Here we show that simulation-assisted laboratory
applications positively affect the attitudes of pre-service
teachers towards science teaching. Analysis of pre-service
teachers’ opinions found that this was because of the
simulation applications’ ability to provide permanent
learning by concretizing information, developing the
students’ conceptual understanding and making science
enjoyable and accessible. Moreover, during the phase of
preparation for the real laboratory environment, simulations
affect the pre-service teachers’ attitudes in a positive way
because they enabled students to recognize the experimental
tools and materials, build their preliminary knowledge and
eliminate their motivation and anxiety problems, thus
enabling them to encourage the students to design
experiments.

However, the applications had no effect on 6 of the
pre-service teachers’ attitudes towards science teaching.
These pre-service teachers were not accustomed to this

technique and encountered difficulties using the program;
these pre-service teachers did not enjoy using the computer
and there were collaboration problems. We propose that the
above mentioned difficulties resulted in them feeling anxiety
towards the application.

Our findings are broadly in line with previous studies
showing that simulation applications positively affect
attitudes. White and Bodner [32] found that students enjoy
using simulations and that this enables them to perform the
application and learn easily. Moreover, they state that
simulations are more effective in students’ learning new
concepts and methods. Rutten, Joolingen and Van der Veen
[33] analysed a total of 510 articles published between 2001
and 2010 that had investigated the effect of simulations on
science teaching. It was found that all of the analysed articles
reported that the use of simulations has positive effects. Sari,
Ulukdk and Ozdemir [34] indicate that simulation
applications have more positive effects on students’ attitudes
towards science lessons compared to traditional instructions.
However, another study indicated that computer-assisted
instructions have no effect on students’ attitudes [35,36].
Cepni et al [35] suggest that applications performed over a
short period of time do not effect students’ attitudes.

Given that this studies’ experiment group were using the
simulation applications for the first time and that they were
pre-service teachers, makes their opinions about the
instruction important. When their opinions were analysed, it
was found that the simulation applications have a positive
effect on the learning environment and that all of the
pre-service teachers considered the simulations to be useful.
According to our study group, the simulation applications
are advantageous because they: facilitate learning and
support knowledge by providing opportunities to make
learning easy; appeal to more than a single sense; concretize
abstract information; provide permanent information; fill
knowledge gaps; and link information to daily life.

Moreover, the pre-service teachers also found that the
simulations: provided an enjoyable learning environment;
increased recognition of experiment tools and materials;
increased attention; and positively affected attitude and
motivation, thus enabling students to enjoy the lesson.
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Fifty-nine percent of the pre-service teachers focused on the
opportunities that the simulations provided and indicated
that they would like to use these simulations in their lessons.
This is in line with other studies demonstrating advantages of
simulations [37-42] However, 40% of the pre-service
teachers felt that the applications were time-consuming and
that they would prefer a close-ended experimental technique
with traditional instructions. This was mostly because these
pre-service teachers were more familiar with these
traditional approaches. These pre-service teachers indicated
that they would not want to use this type of approach in their
future lessons. These opinions were associated with students
having difficulty using the simulations, leading to the
perception that the applications are overly demanding. Some
of the pre-service teachers’ preference for traditional
methods suggest that more time is required in order to foster
positive attitudes towards simulation applications in teaching
[35].

Among the simulation programs, the pre-service teachers
mostly considered the PhET programs as most effective,
although 6 pre-service teachers considered the Crocodile
Physics program to be most effective because of its ability to
increase creativity. The PhET simulations are presented to
students as a single interface that is separated according to
topic titles. In this interface, menu options (e.g., tools,
materials and graphics) that belong to one topic are readily
presented to the students. As a result, pre-service teachers
focused on the PhET programs’ ease of use in addition to
their ability to concretize information, being life-like and
enjoyable, making learning easy and strengthening
conceptual understanding. Contrary to the PhET simulations,
in the Crocodile Physics program, topics are given as a
whole within a single program. The students are therefore
required to generate the options that they will use in the
program (e.g., tools, materials and graphics). Because of this
feature, this program is more difficult to use. However, by
choosing the tools and materials, as well as graphic menu
options, the students are allowed to design the experiment,
which they describe as an opportunity to improve their
creativity. To conclude, our findings suggest that, in addition
to being easy to use and providing an enjoyable environment,
students also expect simulation programs to be open to free
designs that will improve their creativity.
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