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Abstract—Titration is one of chemistry concepts which highly requires la-
boratory work in the learning process. However in the implementation, many ob-
stacles are often encountered in a conventional laboratory such as lack of mate-
rials, tools, and times which make it less optimal. Evidently these issues could be
solved by employing Virtual Reality (VR) technology. Thus far VR makes great
contributions especially to the education sector. One of them is through combin-
ing it in the process of developing virtual laboratory. Virtual laboratory played
an important role in the learning process specifically in terms of laboratory
works. It was possible to manipulate 2D (virtual world) objects similar to 3D
(real world) objects. This study developed Virtual Reality Laboratory (VRL) to
analyze its characteristics, quality, and impact on students' cognitive achieve-
ment. A research and development (R&D) method with a post-test design was
applied in this study. The subjects of this study were 102 high school students in
class XI. The samples were divided into 3 classes, namely CC (real laboratory);
EC-1 (VRL); and EC-2 (real laboratory and VRL). The findings of students' cog-
nitive achievement were analyzed using ANOVA and it was found that there
were significant differences in students' cognitive achievement in those three
classes. Students who used VRL had higher cognitive achievement than students
who used the conventional one. VRL also received excellent grades from chem-
istry educators. Thus, VRL is very useful as a supplement in the teaching and
learning process.

Keywords—titration, virtual reality, virtual reality laboratory, cognitive
achievement

1 Introduction

Acid-base titration is one of the chemistry concept considered to be difficult by stu-
dents [1]-[4]. Acid-base titration demands the students to comprehend acid-base sub-
ject matter, along with hydrolysis; and buffer. These three subject matters demand the
students to be able to understand the properties of particles in matter, atomic structure,
chemical formula and reactions, properties and composition of solutions, ionization and
equilibrium [5]. Moreover, the students must also be able to calculate the concentration
of a substance that was unknown, pH, volume of solutions, also have an excellent skill
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in drawing and are able to read titration graphs properly. Those skills required for stu-
dents in the concept of titration certainly make them easy to overcome the misconcep-
tions among students. Misconception in titration happens due to the inadequacy of stu-
dents’ ability to connect the concept of acid-base accurately; confusion regarding the
terms in acid-base, inadequacy in terms of the basic understanding about chemistry and
inadequacy in terms of the understanding of microscopic form of matter [5].

Based on the problems generally found in learning chemistry such as learning titra-
tion concept, the teacher must develop a program that suitable with the objectives of
learning chemistry itself. Teachers must construct a program which is applicable with
the chemistry learning goal itself. One of them is chemistry teaching that can be imple-
mented through doing experiments in the laboratory. Therefore laboratory has a critical
role in chemistry [6], [7]. Theory and practice in chemistry learning must be in line, so
that in its implementation, the theory given and laboratory practice must go hand in
hand. In this case, the teachers realize that chemistry practice is salient to improve stu-
dents' knowledge and skills because by doing laboratory work students gain direct ex-
perience with the real situation [8]. Laboratory work has become one of the methods to
prove scientific theories gained during learning process. The goals of the laboratory
work are to apply theories, to acquire scientific attitudes, and to gain skills. Unfortu-
nately, nowadays a lot of schools still arrange separated schedule for both laboratory
practice and theoretical study in classroom. Moreover, some of chemistry concepts that
highly require laboratory work in the laboratory have not conducted yet. It happens
since the number of obstacles at school such as teacher’s qualifications, limited amount
of time, tools, and materials are frequently encountered. Those exactly become the main
reasons triggering lack of laboratory practices [9].

The rapid development of technology in this era has triggered the creation of a virtual
laboratory through the use of Virtual Reality (VR) technology. VR is a sophisticated
technology that allows users to interact with an existing environment in a virtual world
which simulated by a computer. Therefore, the users feel as if they were really im-
mersed in that environment. A recent research findings dealing with the application of
VR on education demonstrated that VR-based learning can improve spatial abilities
[10]-[12], motivation [13], [14], problem-solving abilities[ 15], performance [16], and
student learning outcomes [17]. VR has been widely used in many scientific studies
and received a lot of positive responses. However, in fact the research that reported VR
implementation in chemistry, especially in laboratory work has not been conducted yet.
Therefore, the research concerning the application of VR in laboratory works of chem-
istry have to be done so that the data gained could be combined with the previous re-
search and also could be generalized.

VR-based learning includes in the form of games, simulations, or virtual worlds that
can be run both on a computer and android platform [18]. The android-based simulation
becomes one of the innovative learning methods amongst high-school students. The
simulation method in the learning process is believed to bring positive outcome toward
students' habits, attitudes, and learning outcomes [19]. The application of VR-based
laboratory practice simulation on android in fact enhances critical thinking critical
thinking [20], scientific attitude [21], spatial ability [22], and self-confidence [23]. In
special cases, VR-based laboratory works of chemistry simulations provide students
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with basic knowledge and experience in the use of tools, materials, and proper labora-
tory work procedures. Moreover the students are able to conduct laboratory work re-
peatedly without any concerns such as being contaminated by dangerous chemicals,
broken tools, depleted materials, and time limit. Nevertheless, VR-based chemistry
practice simulation has not been utilized broadly by teachers and students as an inno-
vative learning medium.

Basically, some previous research on the development and the use of virtual reality
laboratories (VRL) in learning already exist such as the development of VRL in study-
ing electrolytes and non-electrolytes material in terms of its effect on students' under-
standing abilities [24]. In addition, VRL is also developed to study redox material in
terms of students' cognitive outcomes [25]. Another research was also developed VRL
but with different nomenclature such as 3D visualization program. The development of
3D visualization program on chemical bonding material improves students' critical
thinking skills and scientific attitudes [21]. However, until now there has been no re-
search dealing with the development of a VRL that specifically discusses acid-base
titration materials. Accordingly in this study, the researcher intended to develop a VRL
which focuses on acid-base titration materials.

In terms of the learning outcomes, the learning process on the titration material is
regarded to be successful if students could master all of the competences provided.
Thus the level of understanding of students is very critical since it is closely related to
the learning outcomes. The quality of students’ material mastery is usually measured
by standardized achievement tests [26]. Standardized achievement tests are generally
designed to obtain information about students' learning outcomes just after the learning
process of a certain chapter has been accomplished [27]. While cognitive learning
achievement is the ability possessed by the students as a result of the learning process
and can be observed through the performance of the students themselves [28]. On the
other hand, cognitive chemistry achievement is a change in student behavior as a result
of the chemistry learning process in the cognitive, affective, and psychomotor domains
[29]. The cognitive achievement assessment is usually preceded by the measurement
of learning outcomes and is given after the achievement indicators of certain material
are completed. This cognitive measurement is usually conducted in the form of ques-
tions given to the students which are arranged based on the six cognitive domains
adopted from Bloom's Taxonomy. The six cognitive domains comprised from the low-
est level of complexity are: C1 which is remembering; C2 is understanding; C3 is ana-
lyzing; C4 is to apply; C4 is evaluating; and C6 is to create [30]. In this study the im-
portance of students' understanding when using VRL in titration topic is the reason why
the importance of cognitive assessment must be investigated.

Therefore, this research initially develops a Virtual Reality Laboratory (VRL) tech-
nology, especially on acid-base titration topic. The goal is to achieve the research ob-
jective which aims to enhance the student’s learning achievement through the use of
VRL. Thus, the research questions for this research are outlined as follows:

1. How are the characteristics of VRL?

2. How is the quality of VRL viewed from the chemistry teacher point of view?

3. Are there significant differences between the students who utilize VRL and those
who do not in in terms of cognitive achievement?
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2 Method

This research belonged to the type of research and development which referred to
the ADDIE development model coined by Dick and Carry. The ADDIE model consists
of five stages that must be carried out sequentially, starting from the analysis, design,
development, implementation, and the last stage is the evaluation stage. The subject in
this research was eleventh grade of science department, with school criteria as follows:

. School accreditation is A.

. The curriculum employed is Kurikulum 2013 Revisi.

. Chemistry laboratory is available.

. Each room has LCD and high speed internet access (25MBPs minimum).

. Students have laptops.

. Each student has android devices with minimum requirement of OS 5.0 (Lollypop).

. Students are familiar with technology-based chemistry learning.

. Chemistry teachers are accustomed to using [T-based learning media in their learn-
ing process.

031N LN b~ W~

The sampling technique used in this study was cluster random sampling. The deter-
mination of class was conducted through analyzing daily test scores in previous chapter
with normality and homogeneity test. The result of normality and homogeneity test for
the determination of sampling class respectively were sig. 0,337 (XI MIPA 1); sig.
0,864 (XI MIPA 2); and sig. 0,316 (XI MIPA 3). The test results indicated that the class
had a homogeneous and normal value distribution. Thus, the next step to determine
sampling class was performed through lottery system and the results class XI MIPA 1
was as control class (containing 34 students), XI MIPA 2 was as the Experimental class-
2 (containing 34 students), and XI MIPA 3 was as the experimental class 3 (containing
34 students). The VRL was specially developed to study acid-base titration concept.
The post test of acid-base titration was conducted to obtain students’ cognitive achieve-
ment data. Student’s cognitive achievement post-test consisted of 15 multiple choice
and 4 essay questions. The realibilities of cognitive achievement was analyzed by quest
programs. The Cronbach's alpha reliabilities for multiple choice was 0,94 and and for
essay questions was 0,88.

2.1  Research design

The development procedure in this study was adopted from the ADDIE development
model which consists of five stages, starting from analyzing; designing; developing;
implementing; and the last namely evaluating. The first stage is called analyzing. At
this stage, analyzing literature related to the usage of virtual reality in learning process
was completely done. Next, collecting information about conditions and problems that
exist in the learning process was conducted by giving out questionnaires to chemistry
teachers. The determination of chemical materials was then developed into VRL. The
study of Kurikulum 2013 Revisi was conducted to determine the standard of ideal learn-
ing process.
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The second step was designing. In this step the determination and construction of
acid-base titration practice that was included in the VRL application was completely
done. Developing VRL application’s storyboard was also done. The drafting of learning
media (lesson plan, worksheet, and question sheets) and assessment instrument of prod-
uct. Then the third step was developing. The construction of content in the form of
multi-interactive simulation, visualization of 3D objects, and practice guide in VRL
application was done.

The third stage was development. At this stage, the VRL application was developed
by blender software. Blender application was applied to create 3D objects while Unity
software was applied to provide interaction between those objects. The final result of
VRL application development was under the name extension of “.apk” format that was
able to run on the Android platform with the operating system (OS) at least 5.0 or lol-
lipop. It means that android which has an OS below 5.0 cannot run this app. The VRL
was then assessed by validators and also reviewers. Later, suggestions from validators
and peer reviewers were used to revise the VRL before it was implemented. Product
assessment conducted by reviewers (high school chemistry teachers) was used to de-
termine the quality of VRL. The assessment was conducted by five chemistry teachers.
Then the next step was readability testing which was conducted by fifteen high school
students from grade XII (science class).

The next stage was implementing. This stage was accomplished through implement-
ing VRL at schools. VRL implementation was conducted in Senior High School stu-
dents of grade XI (science class). Three classes were involved in this study with one
class as the control class (CC) and two classes as the experimental class (EC-1 and EC-
1). The leaning process in this stage lasted for five meetings.

The last stage was evaluating. In this stage, the re-assessment was conducted from
the analysis stage up to the implementation stage of VRL application development to
draw the conclusion of the product’s advisability. In this step, quality assessment by
educators was also conducted. Students didn’t conduct the assessment. They just gave
suggestions or feedback toward previous and the latest development of VRL after im-
plementing process. The suggestions or feedback data were applied to develop VRL
before it was assessed by instructors. Analyzing assessment results of by the chemistry
teachers was then required to judge the product feasibility. Then the product’s improve-
ment was employed based on validators, reviewers, and students’ sugestions.

2.2 Data analysis

Analysis of variance (ANOVA) technique and qualitative description were em-
ployed to analyze students' cognitive achievement. While the SPSS-23 application was
applied to analyze ANOVA. Quality data of VRL from the reviewers’ assessments was
analyzed using quantitative description method. Furthermore, the data was then com-
pared to the ideal assessment category [31] . There were five quality categories for
media which can be seen in Table 1.
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Table 1. Ideal rating category

Score Quality

Xi+ 1,8 SBi<X Very Good

Xi+0,6 SBi<x<Xi+ 1,8 SBi Good

Xi-0,6 SBi<x<Xi+ 0,6 SBi Good Enough

Xi—1,8 SBi <x < Xi— 0,6 SBi Poor

X <Xi-1,8 Sbi Very Poor
3 Method

3.1 Developing process

The advantage of application of virtual reality technology is its ability to provide
multi-interactive learning experiences. Therefore the researcher chose blender and
unity software to make it easier to develop VRL. In fact blender is the lightest 3D maker
software and has a modifier feature [32]. Modifiers are automatic operating systems
that can modify objects without changing the basic geometry of the objects. Unfortu-
nately the modifier feature is not possessed by Unity. Therefore it is not surprising that
the blender is used as the initial software for designing 3D shapes. The objects created
through the use of this application were laboratory rooms, cupboards, tables, stands,
clamps, burettes, magnetic stirrers, and indicator solutions. One of the 3D visualization
objects in the blender application can be seen in Figure 1.

& Bendes [C:\Users\Disn Ermamath Documents L THESS ) a %
- a

Fig. 1. 3D object visualization in Blender

Next, all 3D objects in Blender were then exported to the Unity program. Unity was
chosen as a game engine because it is easy to use and learn. The interaction features in
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Unity are much more comprehensive than in Blender. There is a drag and drop feature.
Besides it provides multiple built-in shaders and effects as well as a physics engine and
collision detection [33]. On the other hand, the disadvantage of the Unity game engine
is that it does not have integrated modeling capabilities. As a result additional applica-
tions are required for drawing 3D objects. The best 3D object file formats that can be
exported to Unity are under the extension of “.obj” for mesh and “.fbx” for animation
[34]. Visualization of VRL in the unity program can be seen in Figure 2.

Cast Shadaws.
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Fig. 2. VRL visualization in unity

The next step is rendering all 3D object assets into an application extension “.apk”
format with a file size of 60MB. This application can be run on the android platform.
The operating system (OS) that was able to run it at least 5.0 or lollipop. Android which
had below 5.0 OS was unable to run the VRL application. In the implementation, VR
glasses (Oculus) were highly required and a controller or remote control when run on
android. AR-based laboratory view with oculus can be seen in Figure 3.

Fig. 3. VRL visualization in Oculus
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3.2 Learning-game mechanic (LM-GM)

VRL was a simulation game which allow students did laboratory work inde-
pendently with fun. As one of educational games, VRL must have learning-game me-
chanic (LM-GM) to identifying mechanics that can be mapped over to learning out-
come. The LM-GM analysis of VRL explained in Table 2 from top to bottom.

Table 2. The analysis based on VRL

Game Learning .
Mechanic Mechanic Implementation Usage
Cut Scene Instructional Pre-render video Introduction: tells about a player who entering la-
boratory to do laboratory work.
Tutorials | Guidance tutorials Gameplay Explained the ’game—r.ule, VR googles, and control-
ler’ function through scene.
Collecting item Matching between name and titration tools.

. Point scoring reinforce the sense of understanding
Selecting/ Activit
collecting chvity Laboratory work

procedure on white To provide an overview of acid-base practice
board

Movement Action Des1gmr\:vgolrzli(boratory Students did titration experiment
Feedback Feedback Point scoring reinforce the sense of understanding
Behavioral Repetition Different table Try another laboratory work with same procedure.
momentum

The purpose and activity in VRL was all of explain through videos and short scenes.
In VRL there were two quests that must be completed by students. They will be given
point by completing the quest. The first quest was “Matching”. This quest about the
introduction of tools and materials used by students during laboratory work. The quest
asked students to determine the name and function of the tools and materials in the
laboratory. If the student was correct he will get points, and if not he will not get points.
The second quest was “Simulation”. This quest asked students did laboratory work ac-
cording to the instructions in the game. If the student can do the steps correctly then he
will get a high point. There were four titration type in the VRL. After students complete
one type of titration, they could perform other titration type with same procedure.

33 Game validation

VRL was validated by 3 experts. They validated the product in terms of content,
technique, and learning which was interpreted into 24 indicators. The validation results
were analyzed using aiken's V. Based on the results of the analysis, the validity coeffi-
cient was 0.85. This indicated that the product was ready to use through several revi-
sions. The VRL validation sheet was also attached with an input sheet that aimed to
improve the quality of the VRL.
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3.4  Effect of VRL on cognitive achievement

The VRL implementation aims to measure students' cognitive achievement. The
VRL developed was able to improve the students’ cognitive achievement. As for the
cognitive domain adopted from Bloom's taxonomy (C1-C6) was in accordance with the
stages of acid-base titration experiments on the VRL development. In terms of (C1) the
seeing stage, when using a virtual reality laboratory, the students observed carefully the
tools used, the materials used, of course they were also required to know the names of
the tools and materials. In terms of (C2) understanding stage, before carrying out a
titration, the students were required to know the function of the tools, materials, steps
and titration techniques. In terms of (C3) applying stage, the students were required to
conduct acid-base titration experiments by themselves. Whereas in terms of (C4) ana-
lyzing stage, observational data (solution volume) that had been obtained from the pre-
vious experiment were then analyzed. While in terms of (C5) evaluating stage, the stu-
dents carried out discussion activities, drew conclusion, and presented the reports on
the results of their experimental data analysis. Whereas in terms of (C6) creating stage,
the students was able to design acid-base titration tools and was able to describe acid-
base titration graphs. Thus, the use of learning media in the form of VRL became one
way to improve students' cognitive achievement. The indicators of cognitive achieve-
ment questions can be seen in Table 3.

Table 3. Cognitive achievement indicators

Multiple choices
Indicators Essay
C1 c2 C3 C4,5,6

Titration component 1 2 1 (Co6)
The role of acid-based titration 8 5
Indicators 5 10, 11 2(C4),3(C5)
pH calculations 12,13,14,| 6,7,3,9
Acid-based titration types 4 15
Titration curves 4 (Co)

The results of the VRL implementation were the post-test value of cognitive achieve-
ment can be seen in Table 4 and the results of ANOVA can be seen in Table 5.

Table 4. Descriptive statistics of cognitive achievement

Class N Mean SD
CcC 34 68,18 12,686
EC-1 34 79,85 10,765
EC-2 34 77,50 7,940

Table 5. Summary of Anova

F Value Sig. Value Conclussion
11,445 0,000 Significantly different
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Based on Table 4, the data demonstrated that the highest average value of cognitive
achievement was obtained by class EC-1, followed by class EC-2. Both classes utilized
VRL in the learning process in class. In this case, the use of VRL in the learning process
significantly improved students' cognitive achievement. In this situation, it was clearly
stated that virtual learning simulation also significantly improved student learning
outcomes [35] on both cognitive and non-cognitive achievements [36]. Virtual
laboratories also helped the students to increase knowledge, develop skills, facilitate
student conceptual change [37], and to make the learning process more effective [38].

Based on the ANOVA findings in Table 5, a significance value of less than 0.05 was
obtained. This indicated that there were significant differences in cognitive
achievement in each test class. In this study, EC-1 and EC-2 utilizing V-Lab gave better
outcomes than the control class. This happened since EC-1 and EC-2 had more learning
time duration than CC. CC only took two hours to conduct laboratory works in a con-
ventional laboratory while EC-1 and EC-2 had longer duration since the work con-
ducted online. In addition, due to limited tools and materials, in CC the class was di-
vided into some groups. Some of the students were in charge of conducting the
laboratory work, some were taking notes, some were doing the washing up, and some
students didn't do anything. Therefore each student within-group did not conduct the
laboratory work thoroughly. Unlike in EC-1 and EC-2, these class utilized the VRL and
only took about one hour to conduct 3 acid-base titrations experiment. The remaining
time in EC-1 and EC-2 was allocated for question-answer activities and drew
conclusion. In EC-1 and EC-2, each student did their laboratory work by operating their
respective smartphones, so that each student gained the same acid-base titration labor-
atory work experience even though they had shorter duration. Moreover in the experi-
mental class, students were able to conduct laboratory work anywhere and anytime as
long as they had android devices and VR glasses. In addition, laboratory work by using
VRL made the students more active and enthusiastic in the learning process [35].
Whereas the students who utilized conventional laboratory got bored and inactive
because they were unable to develop their imagination [39].

In addition, the VRL application which was implemented on EC-1 and EC-2 had
been designed according to the given theory. Thus, errors that arose during laboratory
work due to reading data, turning faucets, or being contaminated by chemical materials
were minimized. In the experiment classes, the students within a group were also able
to confirm the results of the group member's observation data by doing laboratory work
repeatedly by using VRL because the materials and tools provided were sufficient. On
the other hand, laboratory work in the conventional laboratories sometimes was not
suitable with theory. As a result, the students often misinterpreted the data. Therefore
this case EC-1 and EC-2 had higher cognitive achievement than CC. This statement
was in line with [40] and [41], the use of technology in learning process such as VRL
had a positive influence on the learning experience, scientific attitude, and improving
learning outcomes. Practicing using VRL also made students more enthusiastic to take
a part in the virtual laboratory than those who conducted laboratory works conventional
laboratories which made them bored, less active, and unable to develop their
imagination ability [42]. Therefore, it was evidently proven that the use of VRL made
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the cognitive achievement much higher than those who conducted practical work in
conventional laboratories.

In terms of the quality of the VRL application, ten chemistry educators were in-
volved to give their feedback on it. The product quality was assessed based on aspects
of content, learning, and techniques which were then interpreted into 24 indicators. The
description of the VRL quality category for each aspect can be seen in Table 6.

Table 6. VRL assessment results for each aspect

Aspect Max Score Average Score % Category
Content 24 22,8 95,00% Very Good
Learning 36 33,8 93,88% Very Good
Technical 36 33,7 93,61% Very Good
All 96 90,3 94,06% Very Good

Based on Table 6, it was stated that overall the quality of VRL was very good, there-
fore this product was also suitable as teaching media for educators and sources or stu-
dent learning supplements. Educators stated that, with virtual laboratories such as the
VRL application, students became more active and enthusiastic in the learning process.
Moreover students were able to conduct laboratory work anywhere and anytime regard-
less of place and time [43].

4 Limitation and suggestions for future work

The limitation of this research and development is that VRL does not yet have audio
due to the limitations of Oculus which is not yet equipped with headphone features.
Moreover, the VRL product developed in this study can only be operated on Android
platform. Other platforms such as IOS and other devices such as computers or PC or
laptops still have not been developed yet. In addition in writing observational data dur-
ing laboratory work or reports is not directly integrated with VRL, as a result the stu-
dents must write it down on the student worksheet (LKPD) manually. Seeing that the
addition of a script for the data input feature in Virtual Reality technology is quite com-
plicated, so this feature has not been included in the VRL. However, the VRL product
being developed still does not diminish the essence of the learning objectives to be
achieved.

There are some suggestions that can be submitted by the researcher regarding the
use of the product. Firstly, VRL can be further applied in Classroom Action Research
(CAR). Secondly VRL products can also be applied for experimental research with
different research subjects and variables. Thirdly, the VRL requires further research to
measure the effectiveness of the VRL on a broader coverage. Another virtual laboratory
similar to VRL needs to be developed with more complex and multi-interactive 3D
objects in other chemistry concepts whose products can be operated on multi-service
and multiplatform. Next, the VRL in learning activities can be utilized by combining it
with different methods, models, strategies, and other approaches. And then the VRL
must be equipped with a sophisticated VR device which has been equipped with audio
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system as a result the user can experience the sound around the virtual laboratory which
make it more real. Finally it is expected that the VRL contains interactive game-based
learning in it.

5 Conclusion

Based on the findings of the research and development dealing with the VRL
application on acid-base titration topic, it can be concluded that VRL contains chemis-
try laboratory work simulation, especially concerning acid-base titration topic, which
is enable the students to conduct experiment anytime and anywhere regardless time and
space. The experiments conducted on VRL development design laboratory just like the
real one through providing tools and materials, conducting experimental simulations,
observing experimental results and then drawing conclusions. The aspects of the scien-
tific method in the development of the VRL are formulating problems, determining
hypotheses, conducting experiments, interpreting data and drawing conclusions. In
conclusion, the quality of VRL based on the results of the assessment conducted by
chemistry teachers is "Very Good" category in terms of the content, learning, and
engineering aspects. The experiment classes that utilize VRL in the learning process
have more positive impact on cognitive achievement than those utilize the conventional
one.
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