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Abstract
The aim of the research is to assess the effectiveness of Virtual Lab (experimental group) compared
to Physical Lab (control group) in the level of Science Process Skill mastery of topic salt experiment.
This research also was done to compare the students’ level of Science Process Skill mastery by gender
and to find interaction effect between groups and gender on the level of Science Process Skill mastery.
The instrument that used to evaluate the effectiveness is “Science Process Skill mastery test (SPST)”. A
quasi-experimental research design with nonequivalent control group pre-test and post-test was used in
this research. The participants of this research were chosen by purposive sampling from Malaysian 4th
grade science stream students. This research involved a total of 147 participants, which is 64 male and 83
female. The two-way ANCOVA analysis showed that the effectiveness of group (VLab and PLab) on the
mean score of SPST post-test was significant. The SPST post-test mean score of PLab is higher than the
post-test mean score of Virtual Lab. It concluded that the students’ level of Science Process Skill mastery
in experiments for confirmatory tests for anions and cations is better when Physical Lab is used. The
effectiveness of gender on the mean score of SPST was not significant. The analysis also showed that the
interaction effectiveness between group and gender in SPST was not significant. This means the group's
influence on the mean score of SPST is not caused by the gender as well as the gender influence on the
mean score of SPST is not caused by groups.
Keywords: SPS mastery, virtual lab, physical lab, gender effectiveness, salt topic.

Introduction

Chemistry is a unique and interesting subject. However, chemistry is considered as a
difficult subject among Malaysian students (Chu & Hong, 2010). This is due to a misunderstanding
of content derived from various sources. As a result, curriculum for the chemistry of secondary
school was designed to give students the opportunity to be actively involved in the process of
learning knowledge, scientific skills, and technology literacy. This enables students to solve and
decide their daily life problems based on scientific attitudes and noble values. It is also intended
to develop a dynamic and viable community in line with the latest scientific information and
technologies. Thus, the chemistry curriculum has been developed with the emphasis on the
acquisition of knowledge and mastering of science process skills (SPS) through practical
learning approaches. Practical work is a fun activity carried out in chemistry lessons to help
students to develop scientific skills (SS) besides it promotes creative thinking and scientific
attitude.
Practical work is used to develop scientific attitude among students. It can also provide
important information regarding SPS and increase student interest in chemistry subject. Besides,
chemistry practical will help students to improve their problem-solving method in learning
chemistry. Practical activities in laboratories can increase interest and change students' attitudes
towards chemistry as well as assisting the teachers to teach (Tüysüz, 2010). Practical work gives
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students the opportunity to interact directly with the material world using tools, data collection
techniques, models, and science theories (National Research Council, 2005). Experimental
activity in laboratories can attract students to pure science subjects such as chemistry. This
further enhanced by the emergence of Information and Communication Technology (ICT)
that accommodates new teaching method which further enhances the existence of the current
Malaysian Education System into a smart education system. Experiments carried out in a
physical laboratory (PLab) can be done virtually using ICT technology, e.g., the use of ICT
in experiments is the virtual lab (VLab). VLab is the center of creativity that meets every
thought. Such systems need to be trusted in education and technical aspects (Drigas, Vrettaros,
Koukianakis, & Glentzes, 2005). VLab differs from the PLab by giving an advantage to
computer-controlled teaching and experimental pedagogy. VLab is able to enhance teacherstudent interaction during the experiment and it could be less costly compared to PLab
(Ibrahim, 2011). Most current teachers have a high level of awareness about the importance of
ICT integration in the teaching and learning process of science. However, teachers practicing
ICT in the process of teaching and learning science are still at a moderate level (Surif, Ibrahim,
& Hassan, 2014). School teachers need to understand the need of ICT usage in enhancing the
effectiveness of teaching and learning practices. Conducting experiments using VLab is one of
the way teachers can practice ICT in the lessons.
According to Burns, Okey, and Wise (1985), practical work in the teaching and learning
activity confined to developing students SS in many subjects. It is used to prove a theory and
help students to discover new knowledge either individually or in groups (Tatli & Ayas, 2012).
The aim of the chemistry experiment is to provide students with detailed information on SPS.
It also improves the mastery of science concepts and SS. However, in Malaysia, the priorities
for these skills in science teaching are highly ignored. Most teachers who teach science
do not master the SPS and they just require the students to copy a practical report from a
reference book or from a senior student's practical report. They feel that the practical class
is not important in training to prepare them as a skilled science teacher. Studies conducted in
Malaysia stated that the mastery of SPS is at a less satisfactory level and this will cause students
to have low achievement in chemistry (Shaharom Noordin & Nur Laili Lockman, 2011). The
studies also showed that the teaching and learning process is an important factor in determining
the achievement of SS among students. So, the conducive teaching and learning environment
should be sought so that students have the opportunity to learn, master and apply SS to face
the flow of globalization in education. Cheun (2012) found that the opportunity for students to
handle experiments and determine the types of experiments to be made are very limited. This
would be solved using VLab which enables students to understand the chemical concept and to
increase experimentation opportunities for students to determine the type of experiment they
want to do (Herga, 2016).
Millar (2004) quoted by saying that practice in laboratories requires high cost and most
schools lack of laboratory materials and apparatus. This cost factor can be accommodated
through these teaching methods. Most experts agree to change the chemical curriculum by
adapting to using ICT, internet and other 21st century technologies to make teaching and
learning effective. They have a positive view on ICT and quoted that these changes can improve
the learning environment by using VLab which can allow various experiments to be conducted
at a reasonable cost. This further was supported by Allerhand & Dobie Galuska (2000) by
saying that, VLab is one of the good methods of implementing the latest chemical practices,
because it has the advantage to increase SPS during the experiment. Apart from this, students’
proficiency in SPS also increased after using the VLab (Yang & Heh, 2007). This experiment
in the chemistry learning is expected to encourage the participation of students in their learning
activities by working cautiously and systematically in handling laboratory activities (Sapriati,
Rahayu, & Kurniawati, 2013). However, most teachers do not apply this experiment in the lab
due to many students in one particular class, add-on to lack of quality time and their inability and
inappropriateness in using the effective methodology in the laboratory, not forgetting students
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negative attitude in using the practical activities in laboratories (Walton, 2002). Apart from
this, there are also students who are not interested in conducting group experiments because
of insufficient apparatus in the lab (Sonte, 2006). Effective teaching in the laboratory depends
on the skills of teachers in using various teaching methods by utilizing new teaching materials.
Background

According to Reid and Shah (2007) chemistry experiments are an effective way of
learning to develop SS among students. Experiments conducted in laboratories can help develop
SS among students as well as assist in the learning of chemistry subjects. During chemistry
experiments, students are trained to handle apparatus and they can observe experimental
results. This enhances students gaining of detailed information on the process of science and
help to increase their interest in the learning of chemistry (Patricia, 1990). Experiments give
students the opportunity to conduct systematic investigations through planning, execution
and discussion (Nurzatulshima Kamarudin, Lilia Halim, Kamisah Osman, & Subahan, 2009).
Through experimental teaching methods, various learning objectives can be achieved in one
lesson. Experiments can also strengthen three key elements in the curriculum namely knowledge,
SS and noble values that can be obtained directly through laboratory use. PLab is generally
recognized as a good way of learning science or chemistry subjects. But, the importance and
value of VLab or alternative simulations to replace the PLab may still be disputed (Yunus &
Ali, 2013).
In the chemistry labs, students can link visible process to symbolic and phenomenal
equations. Lab activities also will encourage students to make abstract understanding through
different representations (Kollöffel & Jong, 2013; McElhaney & Linn, 2011). Even though the
physical experiments take a long time to complete a test, yet it encourage more careful planning
and provide suggestions and reflections for subsequent investigations (Renken & Nunez, 2013).
The 21st century skills are the starting point for inquiry learning. The learning of inquiries
depends largely on learning through experiments or practices. According to Hofstein (2004),
adequate data exist to prove that the experimental activity in laboratories plays a very important
role in learning. Experiments also can provide students with authentic and practical learning
experiences that have the potential to change the learning environment in the classroom, besides
encourage their motivation to learn. Practical activities are used to validate and illustrate theories
and present experiences for future teaching (Sapriati et al., 2013). Additionally, the experiment
activities will also help students actively engage in practical work, write good practical reports
and create positive attitudes towards chemistry practice.
Knowledge needs to be updated continuously to deal with this modern world. Today's
modern technology has given many advantages to the teaching and learning process. ICT plays
an important role in teaching and learning process. The use of technology in teaching and
learning can help students to improve the cognitive level and effective outcomes in learning
(Lee, Waxman, Wu, Michko, & Lin, 2013). Such use of technology can become an effective aid
for student-centered learning if the program is capable to fit the special needs of the students
in supporting the knowledge acquisition and emphasizing technology capabilities of creating a
new learning experience (Pedersen & Liu, 2003). This is due to the fact that; Technology cannot
be separated from education. It helps to overcome various problems in teaching and learning,
especially in the experimental teaching in laboratories, which has become increasingly popular.
According to Zwickl, Finkelstein, & Lewandowski (2012) it’s use in conducting experiments in
the advanced laboratories can create a comprehensive laboratory transformation process which
supports the latest teaching goals and contributes to an effective assessment of the experiments
carried out.
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PLab Learning Method with SPS Mastery
SPS is a skill that scientists use to gain information about the world (Bulent, 2015).
SPS mastery will only be achieved if the teacher takes into account the type of laboratory they
want to use in teaching so that students can focus on SPS in each of their learning activities.
The use of SPS in an activity which will contribute to a better understanding among students
as well as students also will understand each skill and learn how to master the skills. This
creates critical-minded students so that they will always try to find solutions for a problem
(Ambross, Meiring, & Blignaut, 2014). The study on the use of PLab inquiry-oriented learning
has an impact on SPS and creative thinking skills, which concludes that PLab activities can help
students to master SPS and improve the level of creative thinking skills. This study involved 36
trainee teachers who had enrolled in the science lab course. Experiments conducted in PLab can
provide students with confidence about SPS and help students to think creatively and critically
(Yakar & Baykara, 2014; Sodikun, Prayitno, & Sugiyarto, 2016). According to research, the
high school chemical curriculum framework reports that students should directly be involved
in investigative activities in order to demonstrate their ability in science practice. Research also
quoted by saying that the laboratory activities are difficult to be implemented in schools because
of various challenges (Levy, Thomas, Drago, & Rex, 2013). Although the goals and standard
experiments in the lab have been well documented in various countries, the opportunity to carry
out these activities is still limited (Huang, Chiu, Liu, & Chen, 2011). Among the challenges
and constraints faced by students in conducting investigative inquiries in laboratories are that
students cannot analyze the issue of an investigation. It is difficult for students to write in words
about the procedure of an experiment because students are not familiar with measurement tools
and do not understand the lesson content that is required for the investigation (Girault, d’Ham,
Ney, Sanchez, & Wajeman, 2012).
VLab with an inquiry-based learning plays a very important role in enhancing the
mastery of SPS among students (Prajoko, Amin, Rohman, & Gipayana, 2016); (Yildirim,
Çalik, & Özmen, 2016; Germann, Aram, & Burke, 1996; Koksal & Berberoglu, 2014; Roth
& Roychoudhury, 1993). The effectiveness between the experiments that have been carried
out in the VLab with the mastery of SPS is very significant in many studies. This relationship
has been illustrated in a study conducted by Feyzioglu (2009). According to this study,
positive relationships exist between the effective use of laboratories and SPS mastery. Studies
show that SPS cannot be improved if the VLab is not used effectively (Hofstein & MamlokNaaman, 2007). The study also shows there is a significant, consistent and high correlation
between laboratory use and SPS mastery in science subjects. Factors affecting the efficiency of
laboratory use include the use of laboratory methods that can expose SPS, teacher readiness to
apply laboratories, use of technological innovation in laboratory environments, and establish
relationships between laboratory work, everyday life, and conceptual knowledge. Myers
(2004) examined the effects of research laboratories on student SPS and found that students
using learning based on research laboratory approach have higher SPS and content knowledge
level compared to students taught by traditional methods but there is also a study that explains
that students are confused between SPS with Bloom taxonomy and problem-solving stage.
As such, the VLab always plays a very important role in understanding and mastering SPS
in an experiment (Simsek, 2010). As such, the VLab always plays a very important role in
understanding and mastering SPS in an experiment (Simsek, 2010).
VLab Learning Method with SPS Mastery
Chemistry is a subject that has many abstract concepts. Thus, make students think that
chemistry has a lot of difficult concepts to learn. Students experience problems in chemistry
because of abstract concepts (Nakhleh, 1992). For that reason, students are forced to learn the
concept of scientific chemical knowledge. The place where students can learn this scientific
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knowledge is in the laboratories. The laboratory activities contribute to students about ideal
exercises using constructivist approaches, investigative approaches, tests, a problem-solving
method, thinking like scientists and give a logical explanation of a chemical concept. However,
the education system at this point did not include laboratory activity in their studies because
of various problems. Therefore, VLab is an alternative solution for the problem of laboratory
activity. Students conducting experiments using VLab, can produce better experiment results
compared to students conducting experiments with PLab (Tatli & Ayas, 2010).
Computer-assisted learning including the use of simulation laboratories has enormous
potential in solving problems through complex activities. The learning requires a structured
approach to use simulation laboratories as teaching tools. The teaching tools need to emphasize
SPS assessment. The importance of SPS assessment was discussed by Harlen (1999) stating that
SPS should be used in the context of science. While, SPS is a way to understand and to develop
the mastery of science. In addition, SPS is also the ultimate goal of science education because
this skill is not only required by scientists but is needed by scientifically literate societies because
science plays a major role and affects the students’ life. The study on effect of using a simulation
laboratory on SPS achievements carried out by Huppert, Lomask, and Lazarowitz (2002) found
that the use of this simulation laboratory did not show a significant change in the mastery of
SPS for microbiological subjects although students’ score in experimental groups (simulation
laboratory) is higher than students’ score in the control group (traditional laboratory). This
outcome is also supported by Beichner (1990) whereby the use of a computer-based simulation
laboratory cannot help students in mastery of SPS. While in the study carried out by Yang
and Heh (2007) on 150 students from a private high school in Taiwan on physics subjects
found that students from the experimental group (virtual lab) achieved better in the mastery of
SPS compared to the students from the control group (traditional lab). This study shows that
VLab can help students to master the SPS among level 10 students in Taiwan. Further studies
needed to find the relationship between VLab and the mastery of SPS in chemistry subjects to
contribute to the literature as there is not much literature available about the mastery of SPS in
VLab.
Aim of Research
The aim of this research is to assess the effectiveness of VLab (experimental group)
compared to PLab (control group) in the level of SPS mastery of topic salt experiment among
4th grade students. This research also was done to compare the students’ level of SPS mastery by
the gender. Other than that, the aim of this research is also to find the interaction effectiveness
between groups and gender on the level of SPS mastery.
Research Methodology

Virtual Lab (VLab)
VLab is developed using interactive elements, multimedia elements and actual
experimental scenarios. To develop a learning experience that can improve the mastery of SPS
among students, the design of VLab is based on Constructivism theory and two approaches
that is contextual and collaborative. The Cognitive Theory of Multimedia Learning (CTML)
(Mayer, 2001) was used to design and built the VLab. This is because VLab is based on
multimedia learning material. The main concept in the development of VLab is an interactive
multimedia composed of texts, graphics, simulations and animations. The development of this
laboratory involves three stages namely identifying problems, VLab development and VLab
assessment. The problems were identified based on the analysis of Malaysian Certificate of
Education (SPM) report, teacher and student interviews and analysis data from questionnaires.
VLab development is based on instructional design Model Kemp (Morrison, Ross, & Jerold
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E. Kemp, 2007) to include elements such as interface, interactivity, user-friendly, teaching
and learning objectives, environment and targeting groups and the development of multimedia
courseware prototypes. VLab assessment involves formative and summative evaluations.
VLab is also developed based on cognitive domain from Bloom's Taxonomy to reinforce
the cognitive skills of the students. VLab was developed based on the Malaysian 4th grade
chemistry syllabus that involves three experiments. Those experiments are Confirmatory Tests
for Anions in Aqueous solution, Confirmatory Tests Cation in Aqueous solution and Confirmatory
Test for Ammonium ion, Ferum (II) ion, Ferum (III) ion and Lead (II) ion. Important factors
in developing VLab are the content that meets the learning outcomes, measurable learning
outcomes, the best content delivery strategy, the students' ability to evaluate their achievement
and the students’ ability to apply knowledge gained through VLab activities. Figure 1 shows the
example of experiment procedure flow chart used in VLab.
Start

Dissolve the unknown sample in distilled water to
form aqueous solution
+ NaOH (aq)

No precipitate
NH4+

Blue precipitate
Cu2+

White precipitate
Zn2+, Pb2+, Ca2+,
Mg2+, Al3+

Dirty green
precipitate
Fe2+

Reddish-brown
precipitate
Fe3+

+ excess
NaOH (aq)
Insoluble precipitate
Ca2+, Mg2+

Soluble precipitate
Zn2+, Pb+2, Al3+
+ KI (aq)

Solution of Ca2+ or Mg2+

Solution of Zn2+, Pb2+ or Al3+

+ dilute sulphuric acid
White precipitate
Ca2+

No precipitate
Mg2+

Yellow precipitate
Pb2+

No precipitate
Zn2+ or Al3+

Solution of Zn2+ or Al3+
+ NH3(aq)

White precipitate, soluble in excess aqueous
ammonia solution.
Zn2+

White precipitate insoluble in excess aqueous
ammonia solution
Al3+

Figure 1. Example of experiment procedure flow chart to identify cations.
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Figure 2. An example of experiment in vlab.

Research Design
The research uses a quasi-experimental design to compare the effectiveness of VLab and
PLab. This design is used because a random distribution of participants cannot be implemented
between the control group (CG) and the experimental group (EG). The random distribution
cannot be implemented because the research is conducted on existing classes. The existing
classes mean the original classroom of students set by school management. That means all
participants were maintained in their original classroom. The researcher did not form a new
class with a random distribution concept to avoid interference. However, random selection was
conducted on existing classes to choose CG and EG. The type of quasi-experimental design used
is a nonequivalent control group pre-test and post-test design. On salt topic, there are two subtopics that have multiple experiments. As for this research, it only involves experiments from
a sub-topic, qualitative analysis of salt. From the sub-topics, only experiments of confirmatory
tests for anions and cations are selected. This research started in August 2017 and the design of
this research is shown in table 1.
Table 1. Research design.
Confirmations the Anion and Cation
Class 1
Class 2

Treatment
Pre-test

X1(VLab-EG)

Pre-test

Post-test

X2(PLab-CG)

Post-test
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The participants of this research were selected by purposive sampling because the
participants are students in National Secondary School (NSS) from 4th grade science stream
around the Kuching city, Sarawak Malaysia. Three schools were randomly selected to
participate in this research. Researcher finds a school that has two science steam classes from
the State Education Department. From the list of school given by State Education Department,
the researcher randomly selected the schools. Two schools were randomly selected to engage
in real studies while one school was engaged for pilot studies. This research was conducted
for eight weeks and involved two science stream classes in each school. Overall, this research
involved a total of 147 participants. Table 2 shows the number of participants involved in the
research. The informed-consent rules and ethical procedures were followed. All participants
are voluntarily involved in the research. They have been informed about knowledge of relevant
benefit, risk, the purpose of research, expected duration and procedures.
Table 2. The number of participants involved in the actual study.

NSS A

Gender
Male
12

Female
18

NSS B

21

25

46

NSS A

11

17

28

NSS B

20

23

43

64

83

147

Group

School

Class 1
Class 2
Total

Total
30

Instrument
Assessment test named “SPS mastery test (SPST)” was used as the instrument in this
research. The aim of this test is to find students' SPS mastery level when they are doing the
experiment in salt topics. Two sets of equal SPST were prepared as a pre-test and post-test. The
question division in SPST is based on two things; First, Test Specification Table (TST) according
to Bloom's Taxonomy (revised) cognitive level, which is categorized into six main categories
namely remembering, understanding, applying, analyzing, evaluating and creating (Krathwohl,
2002) and Second, the descriptions of 4th grade Chemistry Syllabus. The SPS testing after
the experiment consists of 13 structural questions (maximum 56 points). The questions were
designed with the help of two experienced chemistry teachers and validated by two experts
from the local university. Data from the pilot study shows that the correlations between average
score for SPST pre-test and SPST post-test are; r = .907, p <.001. Other than that, the students
answer sheets were assessed by two examiners and the result was, the correlation-coefficients
between the scores provided by both SPST pre-test examiners are strong; r = .836, p <.001
and the correlation-coefficient between the scores provided by both post-test examiners is also
strong; r = .998, p <.001.
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Table 3. Matrix diagram of the SPST
No

Learning
Objective

Remember

Understand

Apply

Analyze

Evaluate

Create

1.

Test of anion

3(b)

1(b), 1(d),
2(d), 3(d), 4(c)

1(c),
2(c),
3(c),

2(b), 5, 6

2(b), 4(b)

1(a), 2(a),
3(a)

2.

State the observation between
cation with
NaOH (aq) and
NH3 (aq)

3.

Test of cation
Fe2+, Fe3+, Pb2+,
NH4+

10(a),12a

10(b)

10(c),
10(c)

13

12b

11a

Total Point

6

12

12

8

8

10

7a.b.c
8a.b.c
9a.b.c

Data Analysis
All data are analyzed using descriptive and inference statistics. The descriptive statistics
was used to discuss descriptive data in form of mean, standard deviation and frequency, while
inferential statistics was used to discuss data by using two-way ANCOVA. Before the treatment
began, the participants were tested in terms of homogeneity of SPS mastery. The descriptive
statistical analysis showed that the SPST pre-test mean score for the CG was higher (M = 23.70,
SD = 5.44) compared to the EG (M = 22.42, SD = 4.47). While t-test analysis showed that there
was no significant difference between SPS Pre-test mean score for EG and CG; (t = -1.55, dk =
145, p = .123). This shows that EG and CG are homogeneous in terms of SPS mastery before
the intervention is implemented.
Research Result

The data analysis of this research was conducted on the sub-topic of qualitative analysis
of salt in topic salt. This sub-topic consists of experiments with confirmations of anions and
cations. Descriptive statistics for 147 participants involved in pre and posttests is as in Table 4.
Table 4. Descriptive statistics: Pre-test and post-test SPST mean score for group
and gender.
SPST
Pre-test

Group
CG
EG
Total

Post-test

CG
EG
Total

Gender
Male
Female
Total
Male
Female
Total
Male
Female
Total
Male
Female
Total
Male
Female
Total
Male
Female
Total

M
5.83
5.06
5.46
5.26
5.41
5.35
5.59
5.26
5.41
48.49
50.79
49.59
46.70
43.71
44.78
47.73
46.61
47.10

SD
3.24
2.75
3.02
2.01
2.77
2.51
2.79
2.75
2.76
11.18
12.81
11.96
12.27
13.08
12.80
11.59
13.36
12.59

N
37
34
71
27
49
76
64
83
147
37
34
71
27
49
76
64
83
147
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Table 4 shows that the SPST mean score of students increased from pre-test (M = 5.41,
SD = 2.76) to posttest (M = 47.10, SD = 12.59). The descriptive statistics of post-test CG (M =
49.59, SD = 11.96) is higher than EG (M = 44.78, SD = 12.80). While in terms of gender, mean
score post-test SPST male participants (M = 47.73, SD= 11.59) outperformed compared to
female participants (M = 46.61, SD = 13.36). Mean score post-test SPST of female participants
(M = 50.79, SD = 12.81) in CG is higher than male participants (M = 48.49, SD = 11.18.
Meanwhile the mean score post-test SPST of male participants (M = 46.70, SD= 12.27) in
EG was higher than female participants (M = 43.71, SD= 13.08). Figure 1 shows the post-test
mean score comparison of SPST followed by group and gender. The achievement gap between
male and female participants in both groups was small that is 2.31 (2.31%) for the CG and 2.99
(3.30%) for the EG with the achievement gap between male and female participants in the EG
greater than the CG.

Figure 3. SPST post-test mean score comparison by group and gender.

The two-way ANCOVA analysis was used to test the main effects and interaction effects
of group and gender. Table 5 shows the results of ANCOVA analysis of the main effects and
interaction effects on students SPS mastery in the experiments for confirmatory tests for anions
and cations.
Table 5. Two-way ANCOVA analysis for the main effect and interaction effect of
group and gender.
Resources

Sum of
Squares

df

Mean Square

F

p

Partial eta
squared

Group

712.932

1

712.932

4.692

.032

.072

Gender

10.473

1

10.473

.069

.793

.001

191.853

1

191.853

1.263

.263

.009

Group*Gender
Significance level = .05
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The results showed that the main effect of the group on the mean score of SPST was
significant, F (1,142) = 4.692, p= .032. Based on descriptive statistics, the SPST post-test mean
score of PLab is higher than a post-test mean score of VLab. It can be concluded that the
students’ level of SPS mastery in experiments for confirmatory tests for anions and cations is
better when PLab is used. This shows that the PLab method is more effective than the VLab
to improve students’ SPS mastery. The main effect of gender on SPST mean score was not
significant, F (1,142) = .069, p = .549. Based on descriptive statistics, mean score post-test
SPST for male participants was higher than female participants. It can be concluded that the
level of mastery of male participants in anion and cation confirmation experiment is better than
female participants. The results of the ANCOVA analysis also used to obtain interaction effects
between the group and the gender against the mean score SPST. Interaction results obtained
were also not significant, F (1, 142) = 1.263, p = .263. This means the group's influence on the
mean score of SPST is not caused by gender as well as the gender influence on the mean score
of SPST is not caused by groups.
Discussion

The findings of STST showed that the SPST mean score of the CG was higher than the
mean score of EG. There was a significant difference in mean score of SPS between CG and
EG. The level of SPS mastery among students who conducted experiments using PLab was
better than students who conducted experiments using the VLab. The effectiveness of PLab on
the student's SPS mastery for the confirmations of anion and cation experiments is better than
the VLab. Although the VLab can increase the student's SPS mastery level, this improvement
is not as good as the use of PLab. Although the experiment in PLab is generally bound to
conventional methods based on learning materials such as textbooks and practical books
provided by Ministry of Education Malaysia (MOE), but chemistry experiments in PLab are
still effective in developing students SPS in chemistry subject. During chemistry experiments
in PLab, students can be trained to handle apparatus and they can observe experimental results.
This will help students to get detailed information on the process of science and help increase
their' interest in chemistry (Patricia, 1990). Generally, the importance of PLab is recognized
as a good way of learning science or chemistry subjects but the importance and value of using
VLab to replace PLab is still questionable (Yunus & Ali, 2013).
In addition, in chemistry labs, especially PLab students can relate the learning content that
can be observed to symbolic equations or to visible phenomena. This will encourage students
to develop an abstract understanding of various representations (Jong, Linn, & Zacharia, 2013;
McElhaney & Linn, 2011). Although experiments in the PLab take a long time to carry out
a test, physical experiments encourage more careful planning and provide suggestions and
reflection on subsequent investigations (Renken & Nunez, 2013). This is in contrast with the
use of VLab which allows experiments implemented quickly but virtual experiments do not
provide broad opportunities for students to do careful planning. This is because all activities
in VLab have been programmed and this limits the planning process that those students can
do. The use of VLab still comprises some deficiencies compared to PLab. Dalgarno, Bishop,
Adlong, and Bedgood (2009) stated that the use of VLab will cause students’ uncertainty in
the process of conducting experiments. This is because students do not get manipulative skills
while conducting experiments in laboratories. They cannot handle the apparatus and laboratory
materials well during actual experiments. The study also showed that VLab can explain the
concept clearly and its prototype is inconsistent where the concept is expressed in the form of
general (May, Skriver, & Dandanell, 2013).
When students are conducting experiments using the VLab they are rarely involved in
idea sharing activities. This is because, during the experiments in VLab, students only focus
on their computers. The process of sharing ideas between group partners is less. This situation
is different in PLab whereby students have more opportunities to share and relate ideas to each
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other during the experiment. Although VLab integrates a collaborative learning approach, the
collaborative levels in the VLab and PLab are different. Researchers found that the collaborative
level of students in PLab was higher and more efficient than the VLab. Another weakness that
causes students to not master the SPS from the VLab is that students cannot practice hands-on
skills. Students never pay attention when they are engaged with the experiment in the VLab
and they tend to use the computer for other purposes. Teachers found that students were too
quick to give up on problem-solving when using VLab instead of using PLab. Students do not
want to find solutions through discussions with peers but they want the teacher to provide the
solution to them. This finding is in line with the findings conducted by Donnelly, O’Reilly, and
McGarr (2013).
While the students' SPS mastery in VLab experiments is less satisfactory but the VLab
still helps the students to improve the level of SPS mastery. This is because learning using
the VLab has the potential to carry out complex and dangerous experiments. Therefore, VLab
developed usage of a very structured approach to help students understand the importance of
simulation tools as learning aid materials. In the context of this study, the VLab development
needs to be structured to produce a simulation material that prioritizes SPS interest in chemistry
learning. SPS is important because it caters for assessment for understanding and mastery of
science. VLab is also a future learning tool to help students to do experiments. This is because
the cost of doing experiments using PLab is high. VLab can help students to carry out difficult
experiments in an easier way. This will help students master the SPS to do a complex and
difficult experiment (Dalgarno, 2002; Ibrahim, 2011). The VLab can also be programmed
so that it promotes an important SPS that can make teaching and learning process become
more meaningful besides enhance the mastery of SPS (Trundle & Bell, 2010; Koretsky, Kelly,
Gummer, & Northwest, 2011). The level of SPS mastery is not only dependent on the process
of experimenting and problem solving but it also depends on the potential content and activities
found in VLab. This content and activities must help to improve the mastery of SPS (Yang &
Heh, 2007).
Based on the data analysis conducted on the students' level of SPS mastery on gender,
there was no significant difference between male and female students. The findings of this
study are same with the findings of many other studies in Malaysia which state that gender
factors do not show significant differences with the SPS mastery (Yew & Tajuddin, 2015; Ong
& Shamalah, 2014; Ong & Johairi Abdul Rahim, 2012). However, descriptive analysis shows
that the mean score of male students is higher than that of female students. The findings of this
study support the study of Rahmani and Abbas (2014) which conclude that male students have a
higher level of SPS mastery than female students but it is contrary to the study of Ong and Bibi
Hazliana (2013). Results of the two-way ANCOVA showed that the interaction effect between
the group and the gender against the SPST score was not significant. This indicates that group
and gender variables affect SPST scores individually, where the mean score of the group is not
based on the gender and otherwise. The findings also show that male students get higher score
than female students if the experiment is conducted in VLab, and the female students get higher
mean score than male students if the experiment is conducted using PLab. This is in line with
the study conducted by Kondrat (2015) which states that female students are better in various
tasks while male students are visually oriented and outperforming compared to female students
in spatial abilities.
Descriptive statistics also shows that the SPS mastery between male and female students
in the CG is smaller than the EG. The VLab that integrates a variety of learning approaches
still does not cater to the learning styles of male and female students. VLab is less beneficial
for both gender in SPS mastery among students compared to PLab. The mean score between
male and female students of the EG was greater than the CG. This showed that the approach
used in the VLab was less likely to help students in reducing the SPS mastery gap between male
and female students compared with the use of PLab. Thus, a new learning approach should be
introduced during the VLab development so these new approaches can help to reduce the gap
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between the SPS mastery among male and female students. This is because the gender gap in
the mastery of SPS in the context of science education in Malaysia is wider when students move
up from primary to secondary schools (Ong & Bibi Hazliana, 2013).
Conclusions

Results of this research were found that the VLab did not show a significant effectiveness
on the student SPS compared to PLab. Even though PLab has a better effectiveness on the
student's SPS mastery, the mean score of the students SPS mastery is still increasing as the
experiments carried out using the VLab. This shows that the VLab is still able to increase the
level of SPS mastery. Experimental activity conducted in VLab is a student-centered activity.
It was also noted that, students were actively involved in conducting experiments using
the VLab. This will help students to improve the level of SS and SPS when they are doing
experiment in laboratory. VLab becomes as a teaching aid for the teacher that can motivate
students to learn chemistry. VLab has the tendency to become a teaching aid for teachers which
can motivate students to learn chemistry. In summing this, VLab would be a good choice
to help chemistry teachers in providing guidance to implement experimental sessions in a
laboratory in a more systematic manner without creating any room for mistakes and problems.
Undoubtedly, improvements still need to be made on the VLab to help students improve their
SPS mastery. Students gender does not affect SPS mastery in chemistry experiments. There
are no any significant differences between male and female mean score of SPST. However,
descriptive analysis shows that the mean score of male students is higher than female students.
The interaction effectiveness between the group and gender on the SPST is also not significant
whereby the SPST mean score difference of group is not due to gender and SPST mean score
difference of gender is not due to group.
Note

This paper is part of PhD thesis. Title of the thesis is “The development and effectiveness
of a virtual lab compared to a physical lab in learning salt topic experiments in 4th grade
chemistry”. The research was conducted at Malaysia secondary school and the participant is
only from 4th grade. The PhD candidate study at the National University of Malaysia. This
thesis is not yet available in the repository. The PhD thesis was examined on oral examination
and accepted with minor correction on 29 June 2018.
References
Allerhand, A., & Dobie Galuska, A. (2000). Implementation of LabVIEW for computer-controlled
experiments in general chemistry laboratory instruction. Chemical Educator, 4171 (00), 71–76.
Ambross, J., Meiring, L., & Blignaut, S. (2014). The implementation and development of science process
skills in the natural sciences: A case study of teachers’ perceptions. Africa Education Review, 11
(3), 459–474. http://doi.org/10.1080/18146627.2014.934998.
Beichner, R. J. (1990). The effect of simultaneous motion presentation and graph generation in a
kinematics lab. Journal of Research in Science Teaching, 27 (8), 803–815. http://doi.org/10.1002/
tea.3660270809.
Bulent, A. (2015). The investigation of science process skills of science teachers in terms of some variables.
Educational Research and Reviews, 10 (5), 582–594. http://doi.org/ 10.5897/ERR2015.2097.
Burns, J. C., Okey, J. R., & Wise, K. C. (1985). Development of an Integrated Process Skill Test: Tips-II.
Journal of Research in Science Teaching, 22 (2), 169–177. http://doi.org/ 10.1002/tea.3660220208.
Cheun, L. C. (2012). Persepsi mengenai persekitaran makmal sains sebenar dan diingini dalam kalangan
pelajar sains tingkatan empat sekolah menengah kebangsaan bandar dan luar bandar, Sandakan
[Perceptions of the real and desired scientific laboratory environment among the students of form
four of the urban and rural national secondary schools in Sandakan]. Journal of Applied Research
in Education, 16 (1), 43–55.

ISSN 1822-7864 (Print) ISSN 2538-7111 (Online)

Murugan Mini RATAMUN, Kamisah OSMAN. The effectiveness of virtual lab compared to physical lab in the mastery of science
process skills for chemistry experiment

PROBLEMS
OF EDUCATION
IN THE 21st CENTURY

Vol. 76, No. 4, 2018

Chu, C. K., & Hong, K. Y. (2010). Misconceptions in the teaching of chemistry in secondary schools 557
in Singapore & Malaysia. In 2 Proceedings of the Sunway Academic Conference 2010 (pp.
1–10). Retrieved from http://eprints.sunway.edu.my/76/1/PDF_-_DR_CHU_FINAL_FOR_
PRINTING_231209_Pg_1-10.pdf.
Dalgarno, B. (2002). The potential of 3D virtual learning environments: A constructivist analysis. E-JIST :
E-Journal of Instructional Science and Technology, 1–19. http://doi.org/Journal-article (Web).
Dalgarno, B., Bishop, A. G., Adlong, W., & Bedgood, D. R. (2009). Effectiveness of a virtual laboratory
as a preparatory resource for distance education chemistry students. Computers & Education, 53
(3), 853–865. http://doi.org/10.1016/j.compedu.2009.05.005.
Donnelly, D., O’Reilly, J., & McGarr, O. (2013). Enhancing the student experiment experience: Visible
scientific inquiry through a virtual chemistry laboratory. Research in Science Education, 43, 1571–
1592. http://doi.org/10.1007/s11165-012-9322-1.
Drigas, A. S., Vrettaros, J., Koukianakis, L. G., & Glentzes, J. G. (2005). A virtual lab and e-learning
system for renewable energy sources. In International Conference on Educational Technologies
(Vol. 5, pp. 149–153). Retrieved from http://www.scopus.com/ inward/record.url?eid=2-s2.033645137921&partnerID=tZOtx3 y1.
Feyzioglu, B. (2009). An investigation of the relationship between Science Process Skills with efficient
laboratory use and science achievement in chemistry education. Turkish Science Education, 6 (3),
114–132.
Germann, P. J., Aram, R., & Burke, G. (1996). Identifying patterns and relationships among the responses
of seventh-grade students to the science process skill of designing experiments. Journal of Research
in Science Teaching, 33, 79–99. http://doi.org/10.1002/(SICI)1098-2736(199601)33:1<79::AIDTEA5>3.0.CO;2-M.
Girault, I., d’Ham, C., Ney, M., Sanchez, E., & Wajeman, C. (2012). Characterizing the experimental
procedure in science laboratories: A preliminary step towards students experimental design.
International Journal of Science Education, 34 (6), 825–854. http://doi.org/10.1080/09500693.2
011.569901.
Harlen, W. (1999). Purposes and procedures for assessing Science Process Skills. Assessment in Education:
Principles, Policy & Practice, 6 (1), 129–144. http://doi.org/10.1080/ 09695949993044.
Herga, N. R. (2016). Virtual laboratory in the role of dynamic visualisation for better understanding of
chemistry in primary school. Eurasia Journal of Mathematics, Science & Technology Education,
12 (3), 593–608. http://doi.org/10.12973/eurasia.2016.1224a.
Hofstein, A. (2004). The laboratory in chemistry education: Thirty years of experience with develpoments,
implementation, and research. Chemistry Education, Research and Practice, 5 (3), 247–264.
Hofstein, A., & Mamlok-Naaman, R. (2007). The laboratory in science education: the state of the art.
Chemistry Education Research and Practice, 8 (2), 105. http://doi.org/10.1039/b7rp90003a.
Huang, Y. M., Chiu, P. S., Liu, T. C., & Chen, T. S. (2011). The design and implementation of a meaningful
learning-based evaluation method for ubiquitous learning. Computers and Education, 57 (4),
2291–2302. http://doi.org/10.1016/j.compedu.2011.05.023.
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.
Ibrahim, D. (2011). Engineering simulation with MATLAB: Improving teaching and learning effectiveness.
Procedia Computer Science, 3, 853–858. http://doi.org/10.1016/j.procs. 2010.12.140.
Jong, T. de, Linn, M. C., & Zacharia, Z. C. (2013). Physical and virtual laboratories in science and engineering
education. Science AAAS, 340 (April), 305–308. http://doi.org/10.1126/ science.1230579.
Kargiban, Z. A., & Siraj, S. (2009). The utilization and integrating of ICT in chemistry teaching in Iranian
high schools. World Applied Sciences Journal, 6 (11), 1447-1456.
Koksal, E. A., & Berberoglu, G. (2014). The effect of Guided-Inquiry instruction on 6th grade Turkish
students’ achievement, Science Process Skills, and attitudes toward science. International Journal
of Science Education, 36 (1), 66–78. http://doi.org/10.1080/ 09500693.2012.721942.
Kollöffel, B., & Jong, T. (2013). Conceptual understanding of electrical circuits in secondary vocational
engineering education: Combining traditional instruction with inquiry learning in a virtual lab.
Journal of Engineering Education, 3 (102), 375–393.
Kondrat, X. (2015). Gender and video games: How is female gender generally represented in various
genres of video games? Journal of Comparative Research in Anthropology and Sociology, 6 (1),
171–193.

ISSN 1822-7864 (Print) ISSN 2538-7111 (Online)

Murugan Mini RATAMUN, Kamisah OSMAN. The effectiveness of virtual lab compared to physical lab in the mastery of science
process skills for chemistry experiment

PROBLEMS
OF EDUCATION
IN THE 21st CENTURY
Vol. 76, No. 4, 2018

558

Koretsky, M., Kelly, C., Gummer, E., & Northwest, E. (2011). Student perceptions of learning in the
laboratory : Comparison of industrially situated virtual laboratories to capstone. Journal of
Engineering Education, 100 (3), 540–573. http://doi.org/10.1002/j.2 168-9830.2011.tb00026.x.
Krathwohl, D. R. (2002). A revision of Bloom’s Taxonomy: An overview. Theory IntoPractice, 4 (41),
212–218. http://doi.org/10.1207/s15430421tip4104.
Lee, Y.-H., Waxman, H., Wu, J.-Y., Michko, G., & Lin, G. (2013). Revisit the effect of teaching and
learning with technology. Journal of Educational Technology & Society, 16 (1), 133–146.
Levy, B. L. M., Thomas, E. E., Drago, K., & Rex, L. A. (2013). Examining studies of Inquiry-Based
learning in three fields of education: Sparking generative conversation. Journal of Teacher
Education, 64 (5), 387–408. http://doi.org/10.1177/002248711 3496430.
May, M., Skriver, K., & Dandanell, G. (2013). Technical and didactic problems of virtual lab exercises
in biochemistry and biotechnology education. In 41st SEFI Conference (pp. 16–20). Leuven,
Belgium. Retrieved from https://www.researchgate.net/publication/ 291334744_Technical_and_
didactic_problems_of_virtual_lab_exercises_in_biochemistry_and_biotechnology_education.
Mayer, R. E. (2001). Multimedia learning (2nd ed.). New York: Cambridge University Press. http://doi.
org/10.1016/S0079-7421(02)80005-6.
McElhaney, K. W., & Linn, M. C. (2011). Investigations of a complex, realistic task: Intentional,
unsystematic, and exhaustive experimenters. Journal of Research in Science Teaching, 48 (7),
745–770. http://doi.org/10.1002/tea.20423.
Millar, R. (2004). The role of practical work in the teaching and learning of science. High School Science
Laboratories: Role and Vision, (October), 25. Retrieved from http://sites.nationalacademies.org/cs/
groups/dbassesite/documents/webpage/dbasse_073330.pdf.
Morrison, G. R., Ross, S. M., & Jerold E. Kemp. (2007). Designing effective instruction (5th ed.). NJ:
John Wiley & Sons, Inc.
Myers, B. E. (2004). Effects of investigative laboratory integration on student. University of Florida,
USA.
Nakhleh, M. B. (1992). Why some students don’t learn chemistry: Chemical misconceptions. Journal of
Chemical Education, 69 (3), 191. http://doi.org/10.1021/ed069p191.
National Research Council. (2005). America’s Lab Report: Investigations in High School Science.
Washington, DC: National Academies Press. http://doi.org/10.17226/11311.
Kamarudin, N., Halim, L., Osman, K., & Subahan, T. (2009). Pengurusan penglibatan pelajar dalam amali
sains [Management of student engagement in science practices]. Jurnal Pendidikan Malaysia, 34
(1), 205–217.
Ong, E. T., & Bibi Hazliana, M. H. (2013). Penguasaan Kemahiran Proses Sains Asas dalam kalangan
murid sekolah rendah di Selangor berdasarkan jantina, lokasi dan aras tahun [Mastery of basic
science process skills among primary school pupils in Selangor based on gender, location and level
of the year]. Jurnal Pendidikan Sains & Matematik Malaysia, 3 (2), 77–90. Retrieved from http://
jpsmm.upsi.edu.my/images/Vol3No2Dec 2013/artikel 6- eng tek ong.pdf.
Ong, E. T., & Johairi Abdul Rahim. (2012). Tahap penguasaan Kemahiran Proses Sains Bersepadu (Kpsb)
dalam kalangan pelajar tingkatan 2 di daerah Temerloh [Level of integrated science process skills
(SPSi) among form 2 students in Temerloh district]. Jurnal Pengajian Pendidikan, 3 (3), 1–20.
Ong, E. T., & Shamalah, M. (2014). Penguasaan Kemahiran Proses Sains Asas dalam kalangan murid
India di beberapa buah sekolah rendah di Perak [Mastery of basic science process skills among
Indian students in some primary schools at Perak]. Jurnal Sains Humanika, 2 (1), 159–169. http://
doi.org/10.11113/SH.V2N1.389.
Patricia E. Blosser. (1990). The role of the laboratory in science teaching. In National Association for
Research in Science Teaching. Ohio State University, Columbus. Retrieved from http://www.
tandfonline.com/doi/pdf/10.1080/00207540902847447.
Pedersen, S., & Liu, M. (2003). Teachers’ beliefs about issues in the implementation of a student-centered
learning environment. Educational Technology Research and Development, 51 (2), 57–76. http://
doi.org/10.1007/BF02504526.
Prajoko, S., Amin, M., Rohman, F., & Gipayana, M. (2016). The profile and the understanding of Science
Process Skills Surakarta Open University students in science lab courses. In Prosiding ICTTE
FKIP UNS (Vol. 1, pp. 980–985). Malang, Indonesia.
Rahmani, R., & Abbas, M. (2014). The influence of single-gender peer scaffolding in problem-based
gaming on performance in double-loop learning and sub-dimensions of Science Process Skills.
Social and Behavioral Sciences, 116, 4103–4107. http://doi.org/10.1016/j.sbspro.2014.01.898.

ISSN 1822-7864 (Print) ISSN 2538-7111 (Online)

Murugan Mini RATAMUN, Kamisah OSMAN. The effectiveness of virtual lab compared to physical lab in the mastery of science
process skills for chemistry experiment

PROBLEMS
OF EDUCATION
IN THE 21st CENTURY

Vol. 76, No. 4, 2018

Reid, N., & Shah, I. (2007). The role of laboratory work in university chemistry. Chemistry Education 559
Research and Practice, 8 (2), 172–185. http://doi.org/10.1039/B5RP90026C.
Renken, M. D., & Nunez, N. (2013). Computer simulations and clear observations do not guarantee
conceptual understanding. Learning and Instruction, 23 (1), 10–23. http://doi.org/10.1016/j.
learninstruc.2012.08.006.
Roth, W., & Roychoudhury, A. (1993). The development of Science Process Skills in authentic contexts.
Journal of Research In Science Teaching, 30 (2), 127–152.
Sapriati, A., Rahayu, U., & Kurniawati, Y. (2013). Implementation of science practical work at Faculty
of Teacher Training and Educational Science, Universitas Terbuka, Indonesia. In International
Conference on education and language (pp. 345–350). Bandar Lampung University, Indonesia.
Retrieved from http://artikel.ubl.ac.id/index.php/icel/ article/view/219/219.
Shaharom Noordin, & Nur Laili Lockman. (2011). Tahap penguasaan kemahiran meramal dan kemahiran
mengawal pembolehubah dalam kalangan pelajar pendidikan kimia [The level of mastery of
predicting skills and the ability to control variables among Chemistry Education students].
Journal of Science & Mathematics Education, 1 (1), 1–9. Retrieved from http://eprints.utm.
my/id/eprint/11986/1/Tahap_Penguasaan_Kemahiran_Meramal_ Dan_Kemahiran_Mengawal_
Pembolehubah_Dalam_Kalangan_Pelajar_PendidikanKimia.pdf.
Simsek, C. L. (2010). Classroom teacher candidates 'sufficiency of analyzing the experiments in primary
chool science and technology textbooks' in terms of scientific process skills. Elementary Education
Online, 9 (2), 433–445.
Sodikun, Prayitno, B. A., & Sugiyarto. (2016). Pengembangan Modul Berbasis Inkuiri Terbimbing
pada materi sistem pencernaan makanan untuk meningkatkan keterampilan Proses Sains [Guided
inquiry based module development on food digestive system materials to improve science process
skills]. Seminar Nasional XII Pendidikan Biologi FKIP UNS, 12 (1), 544–550.
Sonte, S. S. H. (2006). Pemahaman dan sikap guru terhadap pentaksiran kerja amali (Sains PEKA)
di sekolah menengah daerah Kota Kinabalu [Understanding and teacher attitude on practical
assessment (PEKA Science) at Kota Kinabalu district secondary school]. Universiti Sabah Malaysia.
Surif, J., Ibrahim, N. H., & Hassan, R. A. (2014). Tahap amalan dan pengintegrasian ICT dalam proses
pengajaran dan pembelajaran sains [The level of practice and integration of ICT in the teaching and
learning process of science]. Sains Humanika, 4 (2), 13–18.
Tatli, Z., & Ayas, A. (2010). Virtual laboratory applications in chemistry education. Procedia Social and
Behavioral Sciences, 9 (2010), 938–942. http://doi.org/10.1016/j.sbspro.2010.12.263.
Tatli, Z., & Ayas, A. (2012). Virtual chemistry laboratory: Effect of constuctivist learning environment.
Turkish Online Journal of Distance Education, 13 (1), 183–199.
Trundle, K. C., & Bell, R. L. (2010). The use of a computer simulation to promote conceptual change: A
quasi-experimental study. Computers and Education, 54 (4), 1078–1088. http://doi.org/10.1016/j.
compedu.2009.10.012.
Tüysüz, 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. http://doi.org/13092707.
Walton, P. H. (2002). On the use of chemical demonstrations in lectures. The Royal Society Of Chemistry
Journal, 6(1), 22–27. Retrieved from http://www.rsc.org/images/Vol_6_ No1_tcm18-7042.pdf
Yakar, Z., & Baykara, H. (2014). Inquiry-based laboratory practices in a science teacher training program.
Eurasia Journal of Mathematics, Science and Technology Education, 10 (2), 173–183. http://doi.
org/10.12973/eurasia.2014.1058a.
Yang, K. Y., & Heh, J. S. (2007). The impact of internet virtual physics laboratory instruction on the
achievement in physics, science process skills and computer attitudes of 10th-grade students.
Journal of Science Education and Technology, 16 (5), 451–461. http://doi.org/10.1007/s10956007-9062-6.
Yew, W. T., & Tajuddin, S. B. (2015). Tahap pencapaian Kemahiran Proses Sains Bersepadu dalam mata
pelajaran sains dalam kalangan pelajar tingkatan lima [Level of Integrated Science Process Skills
achievement in science subjects among 5th grade students]. Journal of Science and Mathematics
Letters, 3 (1), 7–14. Retrieved from https://ejournal.upsi.edu.my/article/2016AR000376.
Yildirim, M., Çalik, M., & Özmen, H. (2016). A meta-synthesis of Turkish studies in science process
skills. International Journal of Environmental & Science Education, 11 (14), 6518–6539. Retrieved
from https://ejournal.upsi.edu.my/article/2016AR000376.
Yunus, F. W., & Ali, Z. M. (2013). Attitude towards learning chemistry among secondary school students
in Malaysia. Journal of Asian Behavioural Studies, 3 (11), 1–11.

ISSN 1822-7864 (Print) ISSN 2538-7111 (Online)

Murugan Mini RATAMUN, Kamisah OSMAN. The effectiveness of virtual lab compared to physical lab in the mastery of science
process skills for chemistry experiment

PROBLEMS
OF EDUCATION
IN THE 21st CENTURY
Vol. 76, No. 4, 2018

560

Zwickl, B. M., Finkelstein, N., & Lewandowski, H. J. (2012). The process of transforming an advanced
lab course: Goals, curriculum, and assessments. Physical Review Physics Education Research, 11
(2), 1–20. http://doi.org/10.1119/1.4768890.

Received: April 28, 2018

Accepted: July 09, 2018

Murugan Mini Ratamun

Postgraduate Student, National University of Malaysia, 43600
Bangi, Selangor, Malaysia.
E-mail: mnlmurugan@gmail.com

Kamisah Osman

Phd in Science Education, National University of Malaysia, 43600
Bangi, Selangor, Malaysia.
E-mail: kamisah@ukm.edu.my

ISSN 1822-7864 (Print) ISSN 2538-7111 (Online)

