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Abstract This study investigated the effects of scientific inquiry simulations on higher order thinking skills

and attitudes of chemical reaction. A mixed method approach was implemented; an experimental pre-test
post-test and a focus group were conducted to collect data. Seventy-six students from 9th grade were randomly
assigned to the experimental and control group. Thirty-eight students participated in each group. A Higher Order
Thinking Skills Exam, a Chemistry Attitude Scale and a Scientific Inquiry Worksheet were used for data collection.
A focus group was also conducted with ten students from each group to shed more light on the findings. The results
showed that the post-test scores and attitudes of students who were taught with scientific inquiry simulations were
found to be higher than those in the control group who were taught with scientific inquiry activities. The findings
support the notion that chemistry teachers should be supported to use scientific inquiry simulations for teaching
chemistry.
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1. Introduction

2. Theoritical Perspective

Information and communication technology is important
in our daily lives; it has affected every aspect of our
society. Around the world, the educational systems try to
integrate technology in classroom activities to overcome
the difficulties that hinders students from getting active
learning. Among the ICT tools that teachers in developing
countries use in teaching science are simulations. Teachers
can use simulations to enhance learning through omitting
some elements of real world phenomena to make it simpler
for students to understand. Instructional simulations can
also help students test their hypothesis and predict the
results of their actions and get immediate feedback in a
scientific context [1].
Chemistry is an important subject in the Palestinian
curriculum. Students can see chemistry, and it is
applications in everything surrounded them. However,
students fail to understand the chemical phenomenon and
connect what they learn at school with life. One of the
main objectives of chemistry is to help students write
correct chemical equations and know the evidence of
chemical reaction occurrence. However, students usually
find it difficult to understand “rate of chemical reaction”
since it is an abstract concept and they usually have
misconceptions [2].

Chemical reactions are abstract concepts, and teachers
considered them among the most difficult subjects to teach.
Recently, science educators use scientific inquiry to help
students build their mental models by asking questions,
planning solutions, testing hypothesis, and reflecting on
their constructed knowledge [3]. Therefore, scientific inquiry
could help students achieve better learning and reach
higher order thinking skills when learning chemical reactions.
Literature shows that educational simulations have
positive impact on students’ learning [4,5,6]. Literature
also revealed that students can achieve better learning if
learners engage in “deep knowledge construction” when
using educational simulations [7]. Olakanmi [8] found that
students who learned chemical reaction by computer
simulations scored better achievement and developed
higher motivation than students who used traditional
method. Therefore, educational simulations could help in
the scientific inquiry learning process since they allow
students to observe scientific phenomena, write hypothesis
and test them, conduct virtual experiments, measure
variables, and construct results.
Simulation software that teachers usually use in
teaching chemistry is “Crocodile Chemistry”. The
software was designed for individual use, as well as group
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demonstration. The user can use glassware, chemicals, and
equipment tools to combine and watch chemical reactions.
This research will use scientific inquiry simulations for
teaching chemistry in the Palestinian context. It is thought
to be important, since it will clarify for teachers how to
use Crocodile Chemistry Software to develop educational
simulations and specifically scientific enquiry simulations.
It will also develop a model for teachers to follow to
improve students’ higher order thinking skills when
learning chemical reactions.

3. Research Aim
The purpose of this research is to develop, implement,
and evaluate scientific inquiry simulations derived from
the Palestinian curriculum and investigate their effects on
students’ higher order thinking skills when learning
chemical reaction. The research attempts to answer the
following research questions: Q1. How do proposed
scientific inquiry simulations affect students’ higher order
thinking skills when learning chemical reaction? Q2. How
do proposed scientific inquiry simulations affect students’
attitudes when learning chemical reaction?

4. Methodology
4.1. Research Design
A mixed method approach was used in this research; an
experimental pre-test post-test design was implemented to
collect quantitative data and a focus group was conducted
to collect qualitative data.

4.2. Sampling
Students from Raqa school in Palestine participated in
this study. The sample represented the entire population of
students in the 9th grade. Seventy-six students were
randomly assigned to the experimental and control group.
Thirty eight students participated in each group.

4.3. Instruments
For the purposes of this research, a Higher Order
Thinking Skills Exam, a Chemistry Attitude Scale and a
Scientific Inquiry Worksheets were developed. The
developments of the instruments are now described.
The researcher, a science supervisor, and a teacher used
Crocodile Chemistry Software to design four scientific
inquiry simulations derived from the school curriculum.
The simulations were piloted in another school before they
used in this study. These simulations were used to teach
chemical reaction for the experimental group. The
participants in the experimental group were asked to run
each simulation and answer a scientific inquiry worksheet.
The control group participants were asked to use
worksheets and conduct scientific inquiry activities. At the
beginning and the end of the experiment, both groups
participated in the Higher Order Thinking Skills Exam and
the Chemistry Attitudes Scale. At the end of the learning
sessions, two focus group were conducted with 10

students from each group. “Think aloud” protocol was
used to help the participants verbalize what they were
thinking and feeling throughout their experience.

5. Data Analysis
5.1. Students’ Achievement Prior to the Study
A t-test was used to evaluate scientific inquiry
simulations effectiveness on students’ higher order
thinking skills. The academic performance of the
experimental group (scientific inquiry simulations) was
compared to the control group (scientific inquiry activities)
before participating in the experiment. An independent
sample t-test was conducted to assess whether a
significant difference in higher order thinking skills scores
between the experimental and control groups on the pretest. The results are presented in Table 1.
Table 1. t-test results comparing experimental group and control
group on higher order thinking skills pre-test.
Group
Experimental
Control

N
38
38

Mean
15.26
14.57

Std. Deviation
4.37
3.76

t-test
.731

*P >.05.

An independent sample t-test was also conducted to
assess whether a significant difference in chemistry attitudes
scores between the experimental and control groups prior
to the research. The results are presented in Table 2.
Table 2. t-test results comparing experimental group and control
group on chemistry attitudes before participating in the research
Group

N

Mean

Std. Deviation

t-test

Experimental
Control

38
38

3.84
3.71

.199
.240

1.03

*P >.05.

The results show that there are no significant
differences in students higher order thinking skills on
chemical reactions as well as attitudes towards chemistry
before participating in this study, t (38) = .731, p>0.05 for
higher order thinking skills in chemical reaction. For
chemistry attitudes, the results were t (38) = 1.03, p>0.05.
The results reveal that the experimental and control group
were at the same level before participating in the study.

5.2. Students’ Achievement after the Study
An independent sample t-test was conducted to assess
whether significant difference in higher order thinking
skills scores between the experimental and control groups
after participating in the research. The results are
presented in Table 3.
Table 3. t-test results comparing experimental group and control
group on higher order thinking skills post-test.
Group

N

Mean

Std. Deviation

Experimental

38

63.68

18.25

Control

38

44.73

18.99

*P <.05.

t-test
4.43
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Table 3 shows that a significant difference between the
experimental group and the control group in higher order
thinking skills, in favor of scientific inquiry simulations, t
(38) = 4.43; p < 0.05. This result suggests that scientific
inquiry simulations have better impact on students’ higher
order thinking skills of chemical reaction than classroom
scientific inquiry activities.
An independent sample t-test was also conducted to
assess whether significant difference in chemistry attitudes
scores between the experimental and control groups after
participating in this research.

Most of the participants in the scientific inquiry
simulations focus group (90%) mentioned that learning
chemistry was enthusiastic. Each student was able to
conduct his experiment and repeat it several times to get
the required results. One of the students said, “I was happy
because I could conduct dangerous experiments safely”.
The participants in the scientific inquiry activities were
also excited in conducting their activities. Most of them
(70%) were happy to sense the change in temperature and
color of the chemical compounds.

Table 4. t-test results comparing experimental group and control
group on chemistry attitudes after participating in the research

6. Discussion

Group
Experimental
Control

N
38
38

Mean
4.27
3.81

Std. Deviation
.168
.756

t-test
3.41

*P <.05.

Table 4 show that a significant difference exists
between the experimental group and the control group on
chemistry attitudes, in favor of scientific inquiry
simulations, t (38) = 3.41; p < 0.05. This result suggests
that scientific inquiry simulations have better impact on
students’ attitudes than classroom scientific inquiry activities.

5.3. Focus Group Results
A focus group was conducted with ten students from
each group in this study. The focus group results were
analyzed alongside the finding of the t-test to shed more
light on the major finding. The questions participants were
asked, and a summary of their responses follows.
Question 1: Do you think it is easy for students to learn
by scientific inquiry? Why or why not?
The majority (80%) of the focus group participants
from the experimental group who learned by scientific
inquiry simulations believed that students could use
scientific inquiry simulations efficiently. One of the
students said, “our teacher showed us how to use the
simulations before we started using them, this helped us a
lot since it is the first time we use Crocodile Chemistry”.
Another student added. “I was ready to interact with this
activity since I have computer at home.”
The control group, who learned by scientific inquiry
activities, also found it easy to conduct their scientific inquiry
activities. Most of them the focus group participants from
the control group (70%) revealed that they were used to
use their chemistry lab for chemistry experiments.
Question 2: What are the obstacles that you faced in
learning by scientific inquiry? Explain.
A majority (70%) of the focus group participants in the
scientific inquiry activities had a view that the school
science lab is not suitable for conducting scientific inquiry
experiments individually. A student mentioned, “I was
watching my group working on the experiment and did
nothing to help them.” Another student said, “our teacher
did one of the experiments in front of us; the whole class
was just watching him and answering their worksheets.”
Otherwise, the participants in the scientific inquiry
simulations did not state any problem.
Questions 3: What are the benefits that you gained from
learning by scientific inquiry? Explain.

This study investigated the effect of scientific inquiry
simulations on higher order thinking skills of chemical
reaction and attitude of students toward learning chemistry.
The post-test scores of students who were taught with
scientific inquiry simulations were found to be higher than
those in the control group who were taught with scientific
inquiry activities (t (38) = 4.43, p<0.05). This result is
supported by Westho, Bergman & Carroll [9], Aktas,
Bulut & Yuksel [10], Karacop & Doymus [11], and
Olakanmi [8] who found in their studies that computer
simulations have positive impact on students achievement
compared to traditional teaching methods. The researcher
proposed this result to some advantages of the scientific
inquiry simulations. These benefits are: students who use
simulations to conduct scientific inquiry focus more on
the process in place of the material and the equipment [12].
They also perform their inquiry in a safe experimental
environment and conduct the experiments individually as
given from the focus group results.
This study results also showed a positive impact of
scientific inquiry simulations on students’ attitudes
towards learning chemistry (t (38) = 3.41, p<0.05). This
result was also supported by Olakanmi [8] and Hwang,
Wu & Ke (2011) [13] studies. The focus group could
explain this result; the students who learned by scientific
inquiry simulations mentioned that they were excited
doing their activities. The result could be because the
simulations were attractive and suitable learning
environment for the age group.
Even though, the present study has found that scientific
inquiry simulations are better than scientific inquiry
activities in promoting higher order thinking skills and
attitudes toward chemical reaction. Teachers should
combine both methods in their learning environments to
get benefit from each method characteristics. Scientific
inquiry simulations are better used when the inquiry is
dangerous, and the apparatus are not available. Scientific
inquiry activities are better used when it is necessary for
the students to sense the change in temperature and color
of the chemical compounds.

7. Conclusion and Implementation
In conclusion, the present study has found that
scientific inquiry simulations are effective learning
environments for promoting students’ higher order
thinking skill and attitudes toward chemical reaction. This
finding provides teachers, administrators, and stakeholders
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with research results that support integrating simulations
in teaching science at school level. It will also enable
curriculum designers to integrate simulations in science
curriculum combined with learning strategies that support
active involvement of students.
Given the research results, it is recommended that
science teachers should be supported to integrate
simulations in classroom activities. Simulations and
various technological tools should be included in preservice and in-service training programs. Further
simulations combined with other strategies should be
researched among students from different subjects to
enable generalizing the finding of this research and
increasing it is validity.
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