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Abstract—Virtual reality (VR) laboratory is great potential for education. It
is recognized as a technological advance that can facilitate a learning process
through the development of highly realistic 3D visualization. Using VR labora-
tory in teaching and learning makes it possible to manipulate objects in the vir-
tual scene in a manner similar to the real world. Virtual reality laboratory was
developed to enhance the students’ critical thinking skills. A Research and De-
velopment (R & D) method with a post-test design was used in the research.
The subjects included the students who were enrolled at Senior High School in
Yogyakarta, Indonesia with a total of 96 grade 10th students. The samples di-
vided into three classes, namely EC-1 with virtual reality laboratory, EC-2 with
virtual reality and real laboratory, and CC with real laboratory while the quality
VR was applied to chemistry teachers. The findings of this research reveal that
the quality of VR laboratory integrated hybrid learning was in a very good cate-
gory. The results of students' critical thinking skills were analyzed using
ANOVA test and it was found that there is a significant difference on students’
critical thinking skills of the three classes. Students who took part in learning
using VR laboratory both in the EC-1 and EC-2 classes had better critical think-
ing skills compared to the CC class. Thus, the VR laboratory is potentially used
for further teaching-learning process.

Keywords—Virtual reality, 3D visualization, hybrid learning, critical thinking
skills, laboratory.

1 Introduction

Computer programming is crucial in today’s era and we are living in the place
where computer programs are found everywhere [1]; [2]. Technological advances that
are developing very rapidly make people rely on smartphone apps to manage their
daily routines which fuelled by computer programming. Currently, virtual reality
(VR) with 3D visualization has great potential for education. VR technologies have
been applied in science and chemistry [3]; [4]. VR technology can improve students'
academic performance [4]. It allows immersing a user in a 3D, interactive, provide
students with visual, experiential, and self-directed learning [5]; [6]. Using in teaching
and learning makes it possible to conjure visualisations that cannot be achieved using
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a traditional method. The simulations of virtual reality were developed and appropri-
ately placed in the teaching materials to enhance the student understanding of com-
plex concepts and learn [7]; [8].

Simulations in virtual reality are interactive digital teaching and learning that imi-
tate a real life. Simulations using virtual reality are also helpful because students can
practice their skills that otherwise could be dangerous to practice in real condition [4].
Students who played simulations in virtual reality and then engaged in discussions
that drew analogies between the simulations and concepts they were taught would
learn more than students who did not play the simulations. The immersive VR may
not be an optimal medium for learning basic concepts and facts, but could have great-
er potential in helping students develop their imagination through 3D interactions
once the students have a basic understanding of the material [9]. In virtual worlds,
students can be simultaneously provided with 3D visualization and learn to operate
the virtual worlds via virtual reality laboratories. So, they can practice meaningful
experiments and collect data.

The development of ICT has introduced a blender and a unity program that has not
been used optimally as chemistry learning media. The program can be used to develop
virtual reality with 3D visualization that can be operated with Android. The develop-
ment of virtual reality is very promising for future technology that can be developed
as a medium for virtual experiments. Using instructional media can make learning
more interesting and motivating, more interactive, easier to understand subject matter,
learning methods become more varied, learners become more active, and learning
processes can take place anytime and anywhere [10]; [11]; [12]. Using 3D visualiza-
tion in this research is also expected to be an alternative solution for schools that do
not have laboratory facilities, both in the form of chemicals and other practical
equipment.

The 3D visualization allows people to see things that cannot be seen in the real
world and observe things from the real world in ways impossible in the real world
[13]; [14]; [15]. By providing spatial information in visualization, it can make big
steps to unite visual effects and information acquisition. A chemist needs visualization
for the progress of the knowledge, especially in relation to complex chemical mole-
cules. In chemistry, 3D visualization is very important for understanding spatial rela-
tions between atoms [16].

The popularity of the information technology has grown rapidly, especially e-
learning. One of the developments of e-learning is hybrid learning that can present
online course material in interactive and stimulating ways for students and creating an
online learning community. Hybrid learning can use the Learning Management Sys-
tems (LMS) for example edmodo that allowing them to manage the distribution of
assignments, quiz, and course material. The importance of e-learning has been high-
lighted previously and as a result online forum can be used as a place for interactive
discussions [17]; [18]; [19]. Hybrid learning is being combined with independent
online study and traditional classroom method [20]. Hybrid learning allow students to
communicate with their peers and teachers thus empowering them to learn and discuss
together online.
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Online learning is one of the important communication and there are some systems
that can be used such as e-mail, discussion boards, instant messages, and online fo-
rums [19]; [21]. Hybrid learning consists of synchronous and asynchronous technolo-
gies. Synchronous technologies can bring a real-time element into communicating
online and enhance a learning experience [22]; [7]. Asynchronous technology is a
good collaboration involving an interaction between teachers and students, although
students cannot receive instant feedback [23].

Through the use of virtual reality (VR) with hybrid learning, students can be more
visually aware of their classmates and converse in real-time with them [21]. They
would receive feedback from teachers and allow them to actively involved in group
discussions at the same time. VR is developed with 3D visualization with features of
different shapes, objects, and animation. It makes learning more fun and can be used
to teach students with different procedures for carrying out assignment [24]. Hybrid
learning also brings a great deal to an e-learning experience, communicating online,
and on providing adequate support for a variety of learning assignments.

The 21% century skills suggest a temporary core skill known as 4C which include
critical thinking and problem solving, communication, collaboration, creativity and
innovation [25]. Critical thinking skills are one of the skills that need to be developed
in the current era. These skills include the skills of analyzing, evaluating, and synthe-
sizing. Critical thinking skills can be defined as a person's ability to test their idea in
dealing with problems the art of analysis and evaluating thinking, deducting and infer-
ring conclusions from problems and facts [26]; [27]. In this research, we developed a
virtual reality laboratory designed to train students' critical thinking skills so that they
are accustomed to thinking deeply in solving problems encountered.

The main issues from the literature show that virtual reality can enhance students’
critical thinking skills. We developed a virtual reality laboratory integrated hybrid
learning to achieve research goals of improving students' critical thinking skills
through the VR. Thus, the following research questions for this research:

1. How are the characteristics of virtual reality laboratory on chemistry?

2. How is the quality of virtual reality laboratory on chemistry?

3. Are there differences in critical thinking skills among students who use virtual real-
ity laboratory integrated hybrid learning both as supplements and subtitutes with
students who carry out practical learning in a real laboratory?

2 Method

This research used Research and Development (R&D) method - ADDIE model, in-
cluding: analysis, design, develop, implement, and evaluate [28]. The development
product was a virtual reality laboratory in a chemical bonding practicum course. The
assessment of the effects of a virtual reality laboratory was conducted based on a post-
test design where there were two experimental classes (EC-1 & EC-2) and one control
class (CC). A total of 96 participants were recruited from three classes of 10" grade
students of a senior high school. One class with a total of 32 students were cluster
randomly selected as the experiment class-1; the second class with a total of 32 stu-
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dents were assigned as the experiment class-2; while the third class with a total of 32
students were assigned as the control class.

The independent variable in this research was instructional media. The EC-1 used a
virtual reality laboratory integrated hybrid learning, EC-2 used real laboratory and
virtual reality laboratory integrated hybrid learning, while CC used real laboratory.
The dependent variable was critical thinking skills and the posttest was obtained for
measures. Chemical bonding tests were conducted to obtain data on students' critical
thinking skills. It consists of 6 items of short essay questions. The posttest included
the critical thinking skills. These measures had Cronbach's alpha reliabilities of 0.82.

2.1  Research design

The procedure of the research in this development refers to the ADDIE develop-
ment model which can be explained as follows. The first step was initial needs analy-
sis which included collecting information by observing learning activities directly in
school and also through interviews with senior high school teachers. The purpose of
this stage is to obtain various information regarding the availability of infrastructure,
learning media, implementing learning, reviewing the curriculum to form indicators
of achievement of competencies, and potential that can be developed from learning in
schools. Besides, a literature study was also conducted by reviewing various existing
literature such as journals, research reports, and other sources. The initial needs analy-
sis is done by formulating a general description of the 3D visualization learning media
that will be developed to suit the characteristics of the students. Based on the results
of the analysis, a new approach is being developed in the making of 3D visualization
objects by utilizing technological developments, such as augmented reality and virtual
reality [29]; [30]. In Indonesia, the use of 3D visualization media based on virtual
reality is still rare.

The second step was product design carried out by collecting various references as
supporting components in the making of a virtual reality laboratory in the form of
materials, animations, videos, images, color compositions, tools and materials as well
as procedures for experimental simulation. Practicum designed in this VR was chemi-
cal bonding course. The third step was a development of VR products. Virtual reality
laboratory products were developed using a blender and unity on computer programs.
The blender program serves to build 3D visualization objects, animations in simula-
tions, and compose textures from 3D object components. After all 3D objects are
created, then combine all the objects and make the object interaction using the unity
program. After all 3D visualization objects are filled into one unit on a computer,
virtual reality laboratory product can be used using smartphones (Android).

The next step was an implementation by testing virtual reality laboratory products.
Tests were conducted with the experimental class (EC-1 and EC-2) and the control
class (CC) to test the effectiveness of the product developed through the students'
critical thinking skills. The last step was product evaluation by evaluating VR product
quality to senior high school teachers. The product implementation phase uses the
quasi-experimental method with posttest design which can be seen in Table 1.
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Table 1. Posttest design

Classes Treatment Post-test
Control Class (CC) X1 P1
Experiment Class -1 (EC-1) X2 P1
Experiment Class -2 (EC-2) X3 P1

Note: X1 = learning with real laboratory, X2 = hybrid learning mediated by virtual reality, X3 = learning
with real laboratory and hybrid learning mediated by virtual reality P1 = chemical bonding test

2.2  Data analysis

Analysis of Variance (ANOVA) technique and qualitative descriptive were used to
analyze students’ critical thinking skills. Quality of virtual reality laboratory was
analyzed by quantitative descriptive method. Thus, the data were classified into a

category based on the ideal rating category. The rating category can be seen in Table
2.

Table 2. Ideal rating category

Score Range Quality
X>X; +1.8SBi Very Good
X; +0.6SBi<X<X; +18SBi Good
X; -0.6SBi <X <X; +0.6 SBi Good Enough
X; -18SBi<X <X - 0.6 SBi Poor
X<X; -18SBi \/ery Poor

Note: X is the empirical score; X; is the average of ideal scores; SBi is the ideal score of standard deviation
3 Results

3.1  Developing process

The ability of providing highly interactive learning experiences was one of the
best-valued features of virtual reality. We decided to use Blender and Unity on com-
puter programs which have good support to build 3D objects. Blender is a program
for modeling, animation and rigging and Unity is for implementation [31]. Blender
was chosen as the primary tool for all 3D modeling and animation. It can be used for
modeling 3D objects, rendering, rigging, UV mapping, sculpting, animation, etc. The
3D objects created in this program include: laboratory room, cupboard, tables, clamp,
burets, beakers, magnets, funnels, and other laboratory equipment. The 3D objects
that have been created are then rendered so that the object's appearance becomes clear
and appropriate. The 3D model being built in Blender can be seen in Figure 1.
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Fig. 1. The 3D Model being built in Blender

Furthermore, all 3D objects integrated into Unity programs. Unity is best suited for
small or middle-sized development studios and combines visual simulation capabili-
ties with interactive functions and ease of use in the context of geometry data input
and output [31]; [32]. The 3D objects which has been incorporated into the Unity
program can be seen in Figure 2.

Fig. 2. Virtual reality laboratory in Unity

This virtual reality laboratory can only be operated using Android. However, we
can monitor via computer using the "Team Viewer" program. VR displays on com-
puters can be seen in Figure 3.
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Fig. 3. VR display on a computer through the “Team Viewer” program

Virtual reality can be operated using an Android equipped with 3D glasses and a
controller. The simulation allows students to virtually work through polarity com-
pounds in a lab. It starts by introducing the students to the virtual laboratory environ-
ment. The VR simulation increases motivation by having students experience the
excitement of learning, increases critical thinking and conceptual understanding, in-
creases scientific skills by having students test, explore, predict, observe, and makes
sense of relevant material in a virtual environment that simulates real laboratory [33];
[34]; [35].

3.2 Effect of virtual reality on critical thinking skills

The implementation of VR laboratory products aims to measure students' critical
thinking skills. The results of product implementation are the post-test values of criti-
cal thinking skills which can be seen in Table 3 and the summary of ANOVA can be
seen in Table 4.

Table 3. Descriptive statistics of critical thinking skill

Classes N Mean SD
Control Class (CC) 32 67.5 12.8
Experiment Class -1 (EC-1) 32 79.4 11.8
Experiment Class -2 (EC-2) 32 77.5 9.8

Table 4. Summary of ANOVA analysis

F Value Sig. Value Conclusion
9.789 0.000 Significantly different

The highest average of critical thinking skills was obtained by experimental class-1
and followed by experimental class-2. Both classes applied learning using an integrat-
ed hybrid learning virtual reality laboratory both as a supplement and as a substitute.
The combination of virtual laboratories has a positive effect on students' learning
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outcomes in conducting experiments [36]. This is also in accordance with the state-
ment of Higgins et al. (2012) the use of technology in the interaction between educa-
tors and students has a good impact on student learning outcomes because learning is
more effective.

Based on Table 4, it shows that there is significant influence of virtual reality inte-
grated hybrid learning towards students’ critical thinking skills. Practicum using vir-
tual reality makes students more active and enthusiastic in participating in learning,
unlike the practices in a real laboratory that makes students saturated and less active
because they cannot develop their imagination [36]; [37]. Based on observations dur-
ing the learning process, class EC-1 and EC-2 obtained better results because students
in both classes had high curiosity, always asked questions in learning, and were active
in discussion and presentation activities. This is also supported by the application of
hybrid learning in EC-1 and EC-2. The lessons with VR laboratory allow more effec-
tive learning experience with significant improvements compared to learning with
traditional lessons alone [38].

Implementation of integrated virtual reality hybrid learning laboratory was con-
ducted in 4 meetings. Hybrid learning is carried out with face-to-face and online
phases: synchronous and asyncronous. The online phase in the learning process uses
various programs in the computer, including skype, instant messaging (IM), e-mail,
and online discussion forums. The online phase in hybrid learning provides additional
learning time to students, can add a reference to learning resources, influences learn-
ing outcomes, and encourages an interaction among students [39]; [40]. Hybrid learn-
ing makes students capable of working together in groups and solving problems to-
gether well. With the data obtained through discussion and practicum activities they
would try to combine the data they obtained both from practicum and discussion with
data obtained from other sources during hybrid learning. Thus, they will be trained to
think critically in solving problems.

The quality of VR applied to 8 senior high school teachers consists three aspects,
namely content, learning and technical quality. These three aspects were described
into 22 indicators. The quality of VR for each aspect can be seen in Table 5.

Table 5. The quality of VR

Aspects Average Score Category
Total Maximum
Content 30.20 32 Very good
Learning 29.44 32 Very good
Technical 30.13 32 Very good

Based on Table 5, the quality of VR laboratory integrated hybrid learning is in a
very good category. Teachers considered that the VR was assumed to be easy to un-
derstand, motivated students to help their learning process, and the display of VR was
clear like real laboratory. Teachers stated that the presence of a virtual reality labora-
tory would make students more enthusiastic in attending classes. This is supported by
the development of the digital era where students are more flexible in practicing vir-
tually with clear 3D objects and interaction in media that is fun and easy to operate.
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The virtual chemistry laboratory has been successfully developed as experimental
media, improvement of students’ creativity, has instructional characteristics with a
positive contribution to education, improves students’ achievement and the quality of
the virtual chemistry laboratory integrating hybrid learning is in a good category [41];
[42]; [43].

4 Limitations and Suggestions for Future Work

Although the study provides positive results, there are still some limitations in this
study. First, this virtual reality laboratory product can only be operated using Android.
Second, practicum material in this media only contains one subject, so it is necessary
to develop VR laboratory media on another subject. Thirdly, this media does not yet
have audio due to limitations on 3D glasses that are not yet equipped with head-
phones.

Suggestions for the use of virtual reality laboratory products based on the results of
research and development that has been done is that the virtual reality laboratory me-
dia can be further developed with different material and can be used as action re-
search. Furthermore, further research is needed to measure the effectiveness of the use
of 3D visualization media in virtual reality on a broader scale. In addition, it is neces-
sary to develop more virtual reality laboratory media with the addition of more com-
plex, interactive 3D objects. It is necessary to add audio and learning games in this
media.

5 Conclusion

Based on the results of research and development of integrated hybrid virtual reali-
ty laboratories, the conclusions are that the characteristic of virtual reality laboratory
is that this media can be operated using android with the help of 3D glasses and a
controller. This simulation in 3D visualization is a compound polarity practicum on
chemical bond material in a virtual environment so it is as if the user is doing a practi-
cum in the real world. The quality of virtual reality laboratories in chemical bonding
material is a very good quality in terms of learning, content, and techniques based on
the assessment from the chemistry teachers. There are significant differences in criti-
cal thinking skills between students who use virtual reality laboratory integrated hy-
brid learning both as supplements and substitutes with students who carry out practi-
cum learning in a real laboratory.
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