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Abstract: The development of technology-based learning platforms and media is

widely carried out, but focuses more on efforts to increase interest, and still pays less

attention to improving skills and scientific thinking processes. The purpose of this

research was to develop a technology – based learning media, namely a virtual reality

(VR) laboratory integrated with artificial intelligence (AI) so that it can still

accommodate students scientific thinking skills and processes. The Ai integrated VR

laboratory was specifically developed for the implementation of acid-base titration

practicums. The research was conducted by following the ADDIE development model.

The implementation stage was carried out on 31 Chemistry Education Study Program

UKI student who were selected by random technique sampling. Data collection,

especially on product evaluation, was carried out using a non-test instrument in the

form of a Likert scale questionnaire. The instrument consisted of indicators of

usefulness, efficiency, and interest which are share via google form link. Before being

distributed to student, the instrument has been validated by an expert validator with a

background in chemistry learning media. The results of the analysis show that the AI-

integrated VR laboratory that was develop received a positive response from students

with a percentage level of 80.79% on the usefulness indicator, 77.06% on the

https://doi.org/10.29303/jjppipa.v1i1.264
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efficiency indicator, and 79,45% on the interest indicator. So, the result of the

development of VR laboratory integrated with AI can be an alternative that can be

considered as a learning media for acid-base titration practicum.

Keywords: Acid-base titration, artificial intelligence, chemistry, virtual reality

laboratory, practicum.

Introduction

The integration of technology into education

has been progressively advancing, particularly since

the implementation of the online learning system

during the COVID-19 pandemic. Technology-based

learning platforms and media have been widely

developed to facilitate effective online instruction

(Simatupang et al., 2020). The use of technology in

learning media is considered to be able to provide

convenience in learning activities, and is able to

encourage students' critical thinking skills (Lestari,

et al., 2023; Puti, et al., 2024).

The application of technology in science

learning, especially in the field of chemistry, is also

something that continues to be done continuously,

because students will be able to master and apply

scientific concepts if the theory is accompanied by

practical implementation. However, so far the

development of learning media and the use of

technology in chemistry learning activities have

primarily focused on increasing student interest and

the resulting scientific products (Sasmitatias &

Kuswanto, 2018).

Chemistry, as a branch of the natural sciences,

requires practical laboratory work to facilitate

deeper understanding. One area of chemistry that

necessitates experimental verification is acid–base

titration (Astuti & Marzuki, 2017). The

implementation of practicums is considered more

practical and effective when carried out to teach

chemical material, especially on the topic of acid-

base titration (Reny, 2018). This underscores the

assertion that practical sessions in chemistry

education are an inseparable component of the

learning process and play a crucial role in enabling

students to achieve meaningful learning and gain

firsthand experience in validating various chemical

concepts (Tatli, 2010; Widarti et al., 2021). In

addition to facilitating students’ comprehension of

chemical principles, especially the concept of acid–

base titration, practicum activities help students

become familiar and understand the various uses of

practicum tools and materials available in the

laboratory. In addition to improving laboratory skills,

practicum activities can also help students improve

their thinking process skills (Listyarini & Pamenang,

2022).

In the implementation of practical laboratory

activities at schools or universities, financial

constraints are unavoidable because such activities

incur significant costs. Facilitating laboratory

practicums requires funding for facilities and

infrastructure, including laboratory equipment and

consumables, which are relatively expensive

(Pradibta & Nurhasan, 2020). Therefore, alternative

learning media that offer cost-effective, safe, and

flexible solutions are needed. The development of

virtual laboratories through technology presents a

viable alternative, given the rapid technological
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advances that heavily influence education,

particularly in the sciences (Wulandari et al., 2021;

Safiatuddin & Asnawi, 2023). In several developing

countries, traditional chemistry laboratories for

practical coursework have been replaced by virtual

laboratories (Fung et al., 2019). The use of virtual

reality (VR)–based laboratories in chemistry learning

process has been shown to yield positive outcomes

and greater flexibility, as they can be accessed

anywhere and anytime, even the tools and materials

in the VR laboratory room can be used repeatedly

(Balsam et al., 2019; Calvert & Abadia, 2020). The

need for development of VR laboratories that will be

used for the implementation of chemistry practical

activities has also received a positive response from

students of public and private high schools in the

Jakarta area (Simatupang, et al., 2023; Purba, et al.,

2023)

In addition to the development of VR-based

laboratories, the development of virtual laboratories

is also integrated with Artificial Intelligence (AI) so

that it can replace the need for laboratory

supervisors/laboratories in the laboratory. Artificial

Intelligence (AI) is a branch of computer science

related to building smart machines that are able to

do things that usually require human intelligence. AI

is one of the technologies in the industrial revolution

4.0 era that is designed with a modeling process

that can imitate and replace the role of humans

(Russel & Norvig, 2021; Supriadi, et al., 2022).

Integrating AI into virtual laboratories enables more

adaptive, effective, and efficient learning systems

(Rawat, 2024; Mondal, 2025). The development of

an AI-integrated VR laboratories offers an

alternative solution for conducting virtual practicums,

particularly by reinforcing student understanding

(Rokhim, 2020; Puspita, 2020).

In educational settings where laboratory

equipment is limited, students often observe

laboratory procedures via demonstration videos.

Consequently, the utilization of AI-enhanced VR

laboratories is expected to provide an alternative

that not only allows students to observe equipment

functionally but also enables them to practice and

improve hands-on practicum skills in a virtual

environment.

Method

The research method used as a reference in

developing an AI-integrated VR laboratory for this

Acid-Base Titration practicum adapts the ADDIE

development model (Branch, 2019). According to

Branch, the stages in this development research

consist of Analysis, Design, Development,

Implementation, and Evaluation stages.

The stages involved in developing the AI-integrated

VR laboratory for the acid-base titration practicum

are described in Figure 1.
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Figure 1. Development Stage of the AI-integrated VR

Laboratory on the Topic of Acid-Base Titration

Chemistry Education Study Program at the

Christian University of Indonesia. At the end of the

implementation stage, a google form link was

distributed to the students containing a non-test

instrument used for the evaluation phase. The non-

test instrument contains 12 statements covering

three indicators: usefulness, efficiency, and interest

in using the AI-integrated VR laboratory. The

instrument was developed using positively worded

statements on a five-point Likert scale, consisting

of the following categories: (1) very dissatisfied, (2)

dissatisfied, (3) somewhat satisfied, (4) satisfied,

and (5) very satisfied (Sugiyono, 2019).

Result and Discussion

1. Analysis Stage

The analysis stage was carried out by

analyzing students' perceptions regarding the need

for a virtual laboratory for the implementation of

chemistry practicum activities. The survey was

distributed to 150 high school students from 3 public

schools that already had real laboratory facilities.

Based on the results of the analysis, it was found

that students responded positively to the

development of a VR laboratory for use in chemistry

practicum activities (Simatupang, et al., 2023).

Based on the analysis results,

recommendations were also obtained for the

development of VR laboratories using the Oculus

Quest platform to facilitate their operational use.

The integration AI in the VR laboratory development

process is also limited to the application of virtual

assistants (laboratories) whose role is to provide

procedural instruction for implementing practicums

to practicum participants. The topic of Acid-Base

Titration was selected based on its relevance and

applicability not only for high school and vocational

school students but also at the university level,

2. Design Stage

In the second stage, the design began by

compiling a practical guide for Acid-Base Titration

with the experimental title Determining Acetic Acid

Levels in Apple Cider Vinegar. Still in the design

stage, after the experimental guide has been

completed, the creation of the VR laboratory begins

by creating 3D assets for (a) the laboratory space,

(b) laboratory equipment, and (c) the virtual

laboratory assistant as in Figure 2.

Figure 2. Creative 3D Design of the VR Laboratory

Room and Equipment’s

The 3D design of the laboratory space is made

following the real shape of the chemistry laboratory
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at the Universitas Kristen Indonesia with the aim that

when students use the Oculus Quest and enter the

virtual laboratory space, students can feel as if they

are entering a real laboratory space (Petrov &

Atanasova, 2020).

3. Development Stage

In the third stage, the development process

begins by collecting data on the experimental

activities of Determining Acetic Acid Levels in Apple

Cider Vinegar in the real laboratory space. In

addition to collecting data for the practical activities,

data was also collected for the activities of the

virtual assistant when providing experimental

instructions. This activity data was then integrated

into the AI-integrated VR laboratory space as shown

in Figure 3.

Figure 3. Integration of actual laboratory practices

into VR

Several innovations were introduced in the

development of the AI-integrated VR laboratory for

the Acid-Base Titration experiment, including:

(1) Before students (practitioners) are allowed to

carry out the practicum, they are required to

complete a pre-test as a prerequisite to access the

laboratory space or practicum station;

(2) As part of the AI implementation, the VR

laboratory features a virtual assistant (a female

laboratory assistant) equipped with audio

instructions that deliver the experimental procedure.

The addition of audio aims to enhance the sense of

realism during the practicum conducted in the VR

laboratory (Batubara, 2020);

(3) In addition to the audio instructions delivered by

the virtual assistant, the procedural steps are also

presented in the form of pop-up texts. At the

bottom of each pop-up, a component is included

that allows users to repeat the procedure in case of

any errors in the execution. These innovations were

designed to enhance the flexibility and efficiency of

chemistry practicum sessions using the AI-

integrated VR laboratory.

4. Implementation Stage

The implementation stage was carried out

after the development process was completed and

the product had undergone validation. The

components validated included: the appropriateness

of the experiment with the Acid-Base Titration topic,

the relevance of the questions used in the pre-test,

the accuracy of the names and shapes of laboratory

equipment, and the availability of required materials

for conducting the experiment.

The implementation was conducted directly with 31

undergraduate students from the Chemistry

Education Study Program at Universitas Kristen
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Indonesia, comprising students from four different

cohorts, as shown in Figure 4.

Figure 4. Implementation of AI-integrated VR

laboratory

At the final stage, following the implementation of

the AI-integrated VR laboratory, a Google Form link

containing 12 statements was distributed to the

students

5. Evaluation Stage

The evaluation stage was conducted based on

the responses provided by students through a

Google Form instrument. The questionnaire data

were analyzed by calculating the percentage scores

for the three indicators included in the instrument.

These indicators focused on:

(1) Usefulness – assessing students’ perceptions of

the benefits of using an AI-integrated VR laboratory

to conduct experiments on the Acid-Base Titration

topic;

(2) Efficiency – evaluating whether students

experienced ease or difficulty when using the AI-

integrated VR laboratory with the aid of Oculus

Quest 2;

(3) Interest – determining the extent to which

students were interested in using the AI-integrated

VR laboratory in future practicum activities.

Based on the data obtained from the 31

participants, it was found that 83.87% of the

students had previously heard about the use of VR

laboratories in chemistry learning. Furthermore, the

analysis results show that students gave a positive

response to the use of the AI-integrated VR

laboratory with a percentage above 70% for each

indicator (Figure 5). The highest percentage of

student responses was recorded in the indicator of

the usefulness of the VR laboratory, reaching

80.97%. Although this percentage does not reach

90%, as reported in the development of a VR

laboratory for the reaction rate topic (Rahmi et al.,

2023), in general, the AI-integrated VR laboratory

developed in this research can be considered a

viable alternative learning media for chemistry

practicum activities on the topic of acid-base

titration.
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Figure 5. Percentage of student’s perceptions on the use

of AI-integrated VR laboratories for Acid-Base Titration

practicums.

Students also have an interest in using the AI-

integrated VR laboratory in practicum activities, with

a response rate 79.45%. The addition of a virtual

assistant audio component (laboratory assistant) is

one of the components that is interesting to

students because it makes it easier for students not

to have to read the experimental guide repeatedly.

The lowest percentage is in the efficiency indicator.

For some 1st semester students who had never used

oculus quest, they have difficulty entering the virtual

laboratory room, and are confused about limiting the

work area when conducting experiments. This

finding aligns with Suherdi (2019), that in the early

stages of implementing a VR laboratory, it is

necessary to first socialize the basics of the VR

laboratory because its use is still very limited. In

addition, when using some of the equipment in the

VR laboratory, students often dropped the tools,

leading them to recommend the addition of a tactile

feedback effect, even in the virtual setting, to

enhance realism and improve user interaction.

Conclusion

The development of an AI-integrated VR

laboratory for the acid-base titration practicum

received a positive response from students with

details of 80.97% for the usefulness indicator,

77.06% for the efficiency indicator, and 79.45% for

the interest indicator. The innovation carried out by

adding virtual assistant audio as a form of AI

integration in the VR laboratory has enhanced

students’ interest in using the AI-integrated VR

laboratory during practicum activities.
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Abstract: The development of technology-based learning platforms and media is

widely carried out, but focuses more on efforts to increase interest, and still pays less

attention to improving skills and scientific thinking processes. The purpose of this

research was to develop a technology – based learning media, namely a virtual reality

(VR) laboratory integrated with artificial intelligence (AI) so that it can still

accommodate students scientific thinking skills and processes. The Ai integrated VR

laboratory was specifically developed for the implementation of acid-base titration

practicums. The research was conducted by following the ADDIE development model.

The implementation stage was carried out on 31 Chemistry Education Study Program

UKI student who were selected by random technique sampling. Data collection,

especially on product evaluation, was carried out using a non-test instrument in the

form of a Likert scale questionnaire. The instrument consisted of indicators of

usefulness, efficiency, and interest which are share via google form link. Before being

distributed to student, the instrument has been validated by an expert validator with a

background in chemistry learning media. The results of the analysis show that the AI-

integrated VR laboratory that was develop received a positive response from students

with a percentage level of 80.79% on the usefulness indicator, 77.06% on the
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efficiency indicator, and 79,45% on the interest indicator. So, the result of the

development of VR laboratory integrated with AI can be an alternative that can be

considered as a learning media for acid-base titration practicum.

Keywords: Acid-base titration, artificial intelligence, chemistry, virtual reality

laboratory, practicum.

Introduction

The integration of technology into education

has been progressively advancing, particularly since

the implementation of the online learning system

during the COVID-19 pandemic. Technology-based

learning platforms and media have been widely

developed to facilitate effective online instruction

(Simatupang et al., 2020). The use of technology in

learning media is considered to be able to provide

convenience in learning activities, and is able to

encourage students' critical thinking skills (Lestari,

et al., 2023; Puti, et al., 2024).

The application of technology in science

learning, especially in the field of chemistry, is also

something that continues to be done continuously,

because students will be able to master and apply

scientific concepts if the theory is accompanied by

practical implementation. However, so far the

development of learning media and the use of

technology in chemistry learning activities have

primarily focused on increasing student interest and

the resulting scientific products (Sasmitatias &

Kuswanto, 2018).

Chemistry, as a branch of the natural sciences,

requires practical laboratory work to facilitate

deeper understanding. One area of chemistry that

necessitates experimental verification is acid–base

titration (Astuti & Marzuki, 2017). The

implementation of practicums is considered more

practical and effective when carried out to teach

chemical material, especially on the topic of acid-

base titration (Reny, 2018). This underscores the

assertion that practical sessions in chemistry

education are an inseparable component of the

learning process and play a crucial role in enabling

students to achieve meaningful learning and gain

firsthand experience in validating various chemical

concepts (Tatli, 2010; Widarti et al., 2021). In

addition to facilitating students’ comprehension of

chemical principles, especially the concept of acid–

base titration, practicum activities help students

become familiar and understand the various uses of

practicum tools and materials available in the

laboratory. In addition to improving laboratory skills,

practicum activities can also help students improve

their thinking process skills (Listyarini & Pamenang,

2022).

In the implementation of practical laboratory

activities at schools or universities, financial

constraints are unavoidable because such activities

incur significant costs. Facilitating laboratory

practicums requires funding for facilities and

infrastructure, including laboratory equipment and

consumables, which are relatively expensive

(Pradibta & Nurhasan, 2020). Therefore, alternative

learning media that offer cost-effective, safe, and

flexible solutions are needed. The development of

virtual laboratories through technology presents a

viable alternative, given the rapid technological
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advances that heavily influence education,

particularly in the sciences (Wulandari et al., 2021;

Safiatuddin & Asnawi, 2023). In several developing

countries, traditional chemistry laboratories for

practical coursework have been replaced by virtual

laboratories (Fung et al., 2019). The use of virtual

reality (VR)–based laboratories in chemistry learning

process has been shown to yield positive outcomes

and greater flexibility, as they can be accessed

anywhere and anytime, even the tools and materials

in the VR laboratory room can be used repeatedly

(Balsam et al., 2019; Calvert & Abadia, 2020). The

need for development of VR laboratories that will be

used for the implementation of chemistry practical

activities has also received a positive response from

students of public and private high schools in the

Jakarta area (Simatupang, et al., 2023; Purba, et al.,

2023)

In addition to the development of VR-based

laboratories, the development of virtual laboratories

is also integrated with Artificial Intelligence (AI) so

that it can replace the need for laboratory

supervisors/laboratories in the laboratory. Artificial

Intelligence (AI) is a branch of computer science

related to building smart machines that are able to

do things that usually require human intelligence. AI

is one of the technologies in the industrial revolution

4.0 era that is designed with a modeling process

that can imitate and replace the role of humans

(Russel & Norvig, 2021; Supriadi, et al., 2022).

Integrating AI into virtual laboratories enables more

adaptive, effective, and efficient learning systems

(Rawat, 2024; Mondal, 2025). The development of

an AI-integrated VR laboratories offers an

alternative solution for conducting virtual practicums,

particularly by reinforcing student understanding

(Rokhim, 2020; Puspita, 2020).

In educational settings where laboratory

equipment is limited, students often observe

laboratory procedures via demonstration videos.

Consequently, the utilization of AI-enhanced VR

laboratories is expected to provide an alternative

that not only allows students to observe equipment

functionally but also enables them to practice and

improve hands-on practicum skills in a virtual

environment.

Method

The research method used as a reference in

developing an AI-integrated VR laboratory for this

Acid-Base Titration practicum adapts the ADDIE

development model (Branch, 2019). According to

Branch, the stages in this development research

consist of Analysis, Design, Development,

Implementation, and Evaluation stages.

The stages involved in developing the AI-integrated

VR laboratory for the acid-base titration practicum

are described in Figure 1.
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Figure 1. Development Stage of the AI-integrated VR

Laboratory on the Topic of Acid-Base Titration

Chemistry Education Study Program at the

Christian University of Indonesia. At the end of the

implementation stage, a google form link was

distributed to the students containing a non-test

instrument used for the evaluation phase. The non-

test instrument contains 12 statements covering

three indicators: usefulness, efficiency, and interest

in using the AI-integrated VR laboratory. The

instrument was developed using positively worded

statements on a five-point Likert scale, consisting

of the following categories: (1) very dissatisfied, (2)

dissatisfied, (3) somewhat satisfied, (4) satisfied,

and (5) very satisfied (Sugiyono, 2019).

Result and Discussion

1. Analysis Stage

The analysis stage was carried out by

analyzing students' perceptions regarding the need

for a virtual laboratory for the implementation of

chemistry practicum activities. The survey was

distributed to 150 high school students from 3 public

schools that already had real laboratory facilities.

Based on the results of the analysis, it was found

that students responded positively to the

development of a VR laboratory for use in chemistry

practicum activities (Simatupang, et al., 2023).

Based on the analysis results,

recommendations were also obtained for the

development of VR laboratories using the Oculus

Quest platform to facilitate their operational use.

The integration AI in the VR laboratory development

process is also limited to the application of virtual

assistants (laboratories) whose role is to provide

procedural instruction for implementing practicums

to practicum participants. The topic of Acid-Base

Titration was selected based on its relevance and

applicability not only for high school and vocational

school students but also at the university level,

2. Design Stage

In the second stage, the design began by

compiling a practical guide for Acid-Base Titration

with the experimental title Determining Acetic Acid

Levels in Apple Cider Vinegar. Still in the design

stage, after the experimental guide has been

completed, the creation of the VR laboratory begins

by creating 3D assets for (a) the laboratory space,

(b) laboratory equipment, and (c) the virtual

laboratory assistant as in Figure 2.

Figure 2. Creative 3D Design of the VR Laboratory

Room and Equipment’s

The 3D design of the laboratory space is made

following the real shape of the chemistry laboratory
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at the Universitas Kristen Indonesia with the aim that

when students use the Oculus Quest and enter the

virtual laboratory space, students can feel as if they

are entering a real laboratory space (Petrov &

Atanasova, 2020).

3. Development Stage

In the third stage, the development process

begins by collecting data on the experimental

activities of Determining Acetic Acid Levels in Apple

Cider Vinegar in the real laboratory space. In

addition to collecting data for the practical activities,

data was also collected for the activities of the

virtual assistant when providing experimental

instructions. This activity data was then integrated

into the AI-integrated VR laboratory space as shown

in Figure 3.

Figure 3. Integration of actual laboratory practices

into VR

Several innovations were introduced in the

development of the AI-integrated VR laboratory for

the Acid-Base Titration experiment, including:

(1) Before students (practitioners) are allowed to

carry out the practicum, they are required to

complete a pre-test as a prerequisite to access the

laboratory space or practicum station;

(2) As part of the AI implementation, the VR

laboratory features a virtual assistant (a female

laboratory assistant) equipped with audio

instructions that deliver the experimental procedure.

The addition of audio aims to enhance the sense of

realism during the practicum conducted in the VR

laboratory (Batubara, 2020);

(3) In addition to the audio instructions delivered by

the virtual assistant, the procedural steps are also

presented in the form of pop-up texts. At the

bottom of each pop-up, a component is included

that allows users to repeat the procedure in case of

any errors in the execution. These innovations were

designed to enhance the flexibility and efficiency of

chemistry practicum sessions using the AI-

integrated VR laboratory.

4. Implementation Stage

The implementation stage was carried out

after the development process was completed and

the product had undergone validation. The

components validated included: the appropriateness

of the experiment with the Acid-Base Titration topic,

the relevance of the questions used in the pre-test,

the accuracy of the names and shapes of laboratory

equipment, and the availability of required materials

for conducting the experiment.

The implementation was conducted directly with 31

undergraduate students from the Chemistry

Education Study Program at Universitas Kristen
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Indonesia, comprising students from four different

cohorts, as shown in Figure 4.

Figure 4. Implementation of AI-integrated VR

laboratory

At the final stage, following the implementation of

the AI-integrated VR laboratory, a Google Form link

containing 12 statements was distributed to the

students

5. Evaluation Stage

The evaluation stage was conducted based on

the responses provided by students through a

Google Form instrument. The questionnaire data

were analyzed by calculating the percentage scores

for the three indicators included in the instrument.

These indicators focused on:

(1) Usefulness – assessing students’ perceptions of

the benefits of using an AI-integrated VR laboratory

to conduct experiments on the Acid-Base Titration

topic;

(2) Efficiency – evaluating whether students

experienced ease or difficulty when using the AI-

integrated VR laboratory with the aid of Oculus

Quest 2;

(3) Interest – determining the extent to which

students were interested in using the AI-integrated

VR laboratory in future practicum activities.

Based on the data obtained from the 31

participants, it was found that 83.87% of the

students had previously heard about the use of VR

laboratories in chemistry learning. Furthermore, the

analysis results show that students gave a positive

response to the use of the AI-integrated VR

laboratory with a percentage above 70% for each

indicator (Figure 5). The highest percentage of

student responses was recorded in the indicator of

the usefulness of the VR laboratory, reaching

80.97%. Although this percentage does not reach

90%, as reported in the development of a VR

laboratory for the reaction rate topic (Rahmi et al.,

2023), in general, the AI-integrated VR laboratory

developed in this research can be considered a

viable alternative learning media for chemistry

practicum activities on the topic of acid-base

titration.
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Figure 5. Percentage of student’s perceptions on the use

of AI-integrated VR laboratories for Acid-Base Titration

practicums.

Students also have an interest in using the AI-

integrated VR laboratory in practicum activities, with

a response rate 79.45%. The addition of a virtual

assistant audio component (laboratory assistant) is

one of the components that is interesting to

students because it makes it easier for students not

to have to read the experimental guide repeatedly.

The lowest percentage is in the efficiency indicator.

For some 1st semester students who had never used

oculus quest, they have difficulty entering the virtual

laboratory room, and are confused about limiting the

work area when conducting experiments. This

finding aligns with Suherdi (2019), that in the early

stages of implementing a VR laboratory, it is

necessary to first socialize the basics of the VR

laboratory because its use is still very limited. In

addition, when using some of the equipment in the

VR laboratory, students often dropped the tools,

leading them to recommend the addition of a tactile

feedback effect, even in the virtual setting, to

enhance realism and improve user interaction.

Conclusion

The development of an AI-integrated VR

laboratory for the acid-base titration practicum

received a positive response from students with

details of 80.97% for the usefulness indicator,

77.06% for the efficiency indicator, and 79.45% for

the interest indicator. The innovation carried out by

adding virtual assistant audio as a form of AI

integration in the VR laboratory has enhanced

students’ interest in using the AI-integrated VR

laboratory during practicum activities.
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Abstract: The development of technology-based learning platforms and media has been 
widely carried out; however, most of efforts primarily focus on increasing student interest, 
while less attention is given to enhancing skills and scientific thinking processes. The purpose 
of this research was to develop a technology – based learning media, namely a Virtual Reality 
(VR) laboratory integrated with Artificial Intelligence (AI) to support students’ scientific 
thinking skills and processes. The AI - integrated VR laboratory was specifically  developed 
for the implementation of acid-base titration practicums. The research followed the ADDIE 
development model. During the implementation phase, the product was tested on 31 
students from Chemistry Education Study Program at UKI, selected using a random 
sampling technique. Data collection, particularly for product evaluation, was conducted 
using a non-test instrument in the form of a Likert scale questionnaire. The instrument 
consisted of indicators of usefulness, efficiency, and interest which were share via Google 
Form link. Before being distributed to student, the instrument has been validated by an 
expert validator with a background in chemistry learning media. The results of the analysis 
indicated that the AI-integrated VR laboratory received positive response from students with 
a percentage level of 80.79% for the usefulness indicator, 77.06% for the efficiency indicator, 
and 79,45% for the interest indicator. Therefore, the result of the development of VR 
laboratory integrated with AI can be considered as a viable alternative learning media for 
conducting acid-base titration practicum. 
 
Keywords: Acid-base titration, artificial intelligence, chemistry, virtual reality laboratory, 
practicum. 

  

Introduction  
 
The integration of technology into education has 

been progressively advancing, particularly following 
the widespread adoption of the online learning system 
during the COVID-19 pandemic. Technology-based 
learning platforms and media have been extensively 
developed to facilitate effective online instruction(N. I. , 

S. S. R. I. , S. A. P. , & S. I. M. Simatupang, 2020). The 
utilization of technology in learning media is considered 
to be able to provide convenience in learning activities, 

and promote the development students' critical thinking 
skills (Lestari et al., 2023; Puti et al., 2024). 

The application of technology into science 
education, especially in the field of chemistry, has been 
consistently, as students are more likely to comprehend  
and apply scientific concepts effectively when the 
theoretical knowledge is accompanied by practical 
experiences. Nevertheless, current development in 
learning media and the integration of technology in 
chemistry learning activities have largely emphasized 
enhancing student engagement, student interest and the 

https://doi.org/10.29303/jjppipa.v1i1.264


 

Jurnal Penelitian Pendidikan IPA (JPPIPA) January 2024, Volume 10 Issue 1, 1-8 
 

2 

production of scientific outcomes, rather than fostering 
deeper conceptual understanding (Sasmitatias & 

Kuswanto, 2018). 
Chemistry, as a branch of the natural sciences, 

inherently requires practical laboratory activities to 
foster a deeper conceptual understanding. One 
fundamental area of chemistry that demands  
experimental validation is acid–base titration(Marzuki & 

Astuti, 2017). The implementation of laboratory 
practicums is considered both practical and effective 
when carried out to teach chemical concepts, 
particularly in the context of acid-base titration (Reny & 

Salempa, 2018). This supports the assertion that practical 
sessions are an integral part of chemistry education are 
an inseparable component of the learning process and 
play a crucial role in enabling students to achieve 
meaningful learning and gain firsthand experience in 
validating various chemical concepts (Tatli & Ayas, 2010; 

Widarti et al., 2022). In addition to enhancing students’ 
comprehension of chemical principles, especially those 
related to acid–base titration, practicum activities help 
students become familiar and understand the various 
uses of practicum tools and materials available in the 
laboratory. Furthermore, beyond improving laboratory 
skills, practicum activities contribute significantly to the 
development of students scientific thinking process 
skills (Listyarini & Nur Pamenang, 2022). 

In the implementation of practical laboratory 
activities at both schools and university levels, financial 
constraints are unavoidable because such activities incur 
significant costs. Facilitating laboratory practicums 
requires funding for facilities and infrastructure, 
including laboratory instruments and consumable 
materials, which are relatively expensive (Pradibta & 

Nurhasan, 2020). Consequently, there is a growing need 
for alternative learning media that provide cost-
effective, safe, and flexible solutions. The development 
of virtual laboratories through technology innovation 
offers a promising alternative,  especially given the rapid 
advancement of technology that significantly impacts 
education, particularly in science learning (Safiatuddin & 

Asnawi, 2023; Wulandari et al., 2021).  
In several developing countries, conventional 

chemistry laboratories used for practical coursework 
have increasingly been replaced with virtual 
laboratories (Fung et al., 2019). Since 2016, the 
development of virtual laboratories has been 
implemented across various disciplines, including 
robotics, information technology, engineering, biology, 
physics, and chemistry. At the undergraduate level, 
several virtual laboratory initiatives have been 
developed to cover topics such as: Cation analysis 
through flame test, Determination of the mass fraction of 
fluoride ions in toothpaste, and measurement of sugar 

content in candy(Alkhaldi et al., 2016; Bortnik et al., 2017; 

Reeves & Crippen, 2021).  
The integration of Virtual Reality (VR)–based 

laboratories in chemistry learning process has been 
shown to yield positive outcomes and greater flexibility, 
as they can be accessed anywhere and anytime. 
Moreover, the tools and materials in the VR laboratory 
room can be reused without additional cost (Balsam et 
al., 2019; Calvert, 2020). The necessity of developing VR 
laboratories for chemistry practical activities has also 
been positively received by students from public and 
private high schools in the Jakarta area (Purba, 2023; N. 
I. Simatupang et al., 2023). 

In addition to the advancement of VR-based 
laboratories, virtual laboratories are also being 
developed with the integration of Artificial Intelligence 
(AI) to substitute the role of laboratory supervisors or 
assistants in the laboratory. Artificial Intelligence (AI) is 
a branch of computer science concerned with the 
creation of intelligent machines capable of performing 
tasks that that typically require human intelligence. AI 
represents a key technology in the era of the Industrial 
Revolution 4.0 era that is designed through modelling  
processes that emulate and, in some cases, replace 
human functions (Russell & Norvig, 2021; Supriadi et al., 

2022). The integration of AI into virtual laboratory 
environments enables the development of more 
adaptive, effective, and efficient learning systems 
(Mondal, 2025; Rawat, 2024). The development of AI – 
integrated VR laboratories provides an alternative 
solution for conducting virtual practicums, particularly 
by enhancing student’s conceptual understanding and 
engagement in science learning activities (Puspita, 2020; 
Rokhim et al., 2020). 

The development of a Virtual Reality laboratory 
integrated with Artificial Intelligence (AI) is also 
expected to address the findings of Reeves and 
Crippen’s systematic review, which recommended 
incorporating elements of social interaction in the form 
of guidance delivered by an AI laboratory assistant 
(Reeves & Crippen, 2021). Therefore, the development of 
VR laboratory integrated AI is anticipated to serve not 
only as a solution in situations where laboratory 
equipment is limited, and learning is often confined to 
observing procedures through demonstration videos. 
More importantly, this VR laboratory integrated AI 
developed for Acid-Base Titration is expected to  assist 
students in practicing, enhancing their conceptual 
understanding, and improving their laboratory skills, 
particularly in the implementation of acid-base titration 
practicums.  

 

Method  
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The research method employed as the framework for 
developing the VR laboratory integrated AI for the 
Acid-Base Titration practicum was the ADDIE 
development model (Branch, 2019). According to 
Branch, the stages in this development research consist 
of five stages: Analysis, Design, Development, 
Implementation, and Evaluation. 
The stages undertaken in the development of this  the 
VR laboratory integrated AI for the Acid-Base titration 
practicum are illustrated in Figure 1. 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Development Stage of the AI-integrated VR 
Laboratory on the Topic of Acid-Base Titration 
 

Chemistry Education Study Program at the 
Christian University of Indonesia. At the end of the 
implementation stage, a google form link was 
distributed to the students containing a non-test 
instrument used for the evaluation phase. The non-test 
instrument contains 12 statements covering three 
indicators: usefulness, efficiency, and interest in using 
the AI-integrated VR laboratory.  The instrument was 
developed using positively worded statements on a five-
point Likert scale, consisting of the following categories: 
(1) very dissatisfied, (2) dissatisfied, (3) somewhat 
satisfied, (4) satisfied, and (5) very satisfied (Sugiyono, 
2015). 
 

Result and Discussion 
1. Analysis Stage 

The analysis stage was carried out by analyzing 
students' perceptions regarding the need for a virtual 
laboratory for the implementation of chemistry 
practicum activities. The survey was distributed to 150 

high school students from three public schools that 
already possessed conventional laboratory facilities. The 
results of the analysis indicated that students expressed 
a positive response toward the development of a VR 
laboratory for use in chemistry practicum activities(N. I. 
Simatupang et al., 2023). 

Based on the results of the analysis, 
recommendations were made for the development of VR 
laboratories utilizing the Oculus Quest platform to 
enhance operational feasibility. The integration AI in the 
VR laboratory development process was limited to the 
implementation of virtual la laboratory assistants, 
whose primary role is to provide procedural instructions 
for conducting practicums to the participants. The topic 
of Acid-Base Titration was selected due to its relevance 
and applicability not only for high school and vocational 
school students but also at the university level,  
 
2. Design Stage 

In the second stage, the design process 
commenced with the preparation of a practical guide for 
Acid-Base Titration, entitled Determining Acetic Acid 
Levels in Apple Cider Vinegar. Still within the design 
stage, following the completion of the experimental 
guide, the development of the VR laboratory was 
initiated by creating 3D assets for (a) the laboratory 
environment, (b) laboratory equipment, and (c) the 
virtual laboratory assistant, as illustrated in Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Creative 3D Design of the VR Laboratory Room 
and Equipment’s 
  
The 3D design of the laboratory space was modelled to 
replicate the actual layout of the chemistry laboratory at 
the Universitas Kristen Indonesia. This approach aimed 
to ensure that, when students use the Oculus Quest to 
access the virtual laboratory, they experience an  
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immersive environment that closely resembles being in 
a real laboratory setting. (Petrov & Atanasova, 2020). 

 

3. Development Stage 

In the third stage, the development process 

commenced by collecting data on the experimental 

activities for Determining Acetic Acid Levels in Apple 

Cider Vinegar in the real laboratory setting. In addition 

to collecting data for the practical activities, data were 

also collected on the actions of the virtual assistant when 

providing experimental instructions. This activity data 

was subsequently integrated into the AI-integrated VR 

laboratory environment, as illustrated in Figure 3. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

Figure 3. Integration of actual laboratory practices into 
VR 

Several innovations were incorporated into the 
development of the AI-integrated VR laboratory for the 
Acid-Base Titration experiment, including: 
(1) Prior to conducting the practicum, students 
(practitioners) are required to complete a pre-test as a 
prerequisite for accessing the laboratory space or 
practicum station; 
(2) As part of the AI implementation, the VR laboratory 
includes a virtual assistant (a female laboratory 
assistant) equipped with audio instructions that convey 
the experimental procedure. The addition of audio is 
intended to enhance the sense of realism during 
practicum sessions conducted in the VR laboratory 
(Batubara, 2020); 
(3) In addition to the audio instructions provided by the 
virtual assistant, the procedural steps are also displayed 
as pop-up texts. At the bottom of each pop-up, a 
component is included that allows users to repeat the 
procedure in case of any errors in the execution. These 
innovations were designed to enhance the flexibility and 

efficiency of chemistry practicum sessions conducted 
using the AI-integrated VR laboratory. 
 

4. Implementation Stage 

The implementation stage was conducted after 
the development process had been completed and the 
product had undergone validation. The validated 
components included: the suitability of the experiment 
with the Acid-Base Titration topic, the relevance of the 
questions used in the pre-test, the accuracy of the names 
and forms of laboratory equipment, and the availability 
of necessary materials for conducting the experiment. 
The implementation was carried out directly with 31 
undergraduate students from the Chemistry Education 
Study Program at Universitas Kristen Indonesia, 
comprising students from four different cohorts, as 
shown in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Implementation of AI-integrated VR laboratory 
 
In the final stage, following the implementation of the 
AI-integrated VR laboratory, a Google Form link 
containing 12 statements was distributed to the students 
 

5. Evaluation Stage 

The evaluation stage was conducted based on 

student’s responses collected through a Google Form 

instrument. The questionnaire data were analyzed by 

calculating the percentage scores for the three indicators 

included in the instrument. These indicators focused on: 

(1) Usefulness – assessing students’ perceptions of the 

benefits of using an AI-integrated VR laboratory to 

conduct experiments on the Acid-Base Titration topic; 

(2) Efficiency – evaluating whether students 

experienced ease or difficulty when using the AI-

integrated VR laboratory with the aid of Oculus Quest 2;  

(3) Interest – determining the extent to which students 

were interested in using the AI-integrated VR laboratory 

in future practicum activities. 

Based on the data obtained from the 31 

participants, it was found that 83.87% of the students 



 

Jurnal Penelitian Pendidikan IPA (JPPIPA) January 2024, Volume 10 Issue 1, 1-8 
 

5 

had previously heard about the use of VR laboratories in 

chemistry learning. Furthermore, the analysis results 

indicated that students responded positively to the use 

of the AI-integrated VR laboratory, with a percentage 

score exceeding 70% for each indicator (Figure 5). The 

highest percentage was recorded for the usefulness 

indicator, reaching 80.97%. Although this percentage 

does not reach 90%, as reported in the development of a 

VR laboratory for the reaction rate topic (Rahmi et al., 

2023). Overall, the AI-integrated VR laboratory 

developed in this research can be considered a viable 

alternative learning media for conducting chemistry 

practicum activities on the topic of Acid-Base Titration. 

This finding aligns with the primary objective of 

developing a virtual laboratory, namely to provide 

students with a learning media for students that enables 

risk-free exploration and the ability to independent 

perform practical activities (Bortnik et al., 2017).  

 
Figure 5. Percentage of student’s perceptions on the use of AI-
integrated VR laboratories for Acid-Base Titration practicums. 

 

Students responses demonstrated high interest 
using the AI-integrated VR laboratory in practicum 
activities, with a percentage of 79.45%. This interest 
appears to stem from the VR laboratory’s capacity to 
facilitate independent exploration without the 
procedural limitations often encountered in real 
laboratory setting (Alkhaldi et al., 2016). One of the most 
appealing features identified by students was the 
inclusion of an audio-based virtual assistant (laboratory 
assistant), which helped reduce the need to repeatedly 
consult  the experimental manual. 

The lowest percentage was observes for the 
efficiency indicator. Several first-semester students, who 
had never previously used the Oculus Quest, reports 

difficulties in entering the virtual laboratory room, and 
confusion regarding the delineation of their work area 
during experimental activities. This finding supports the 
observation by (Suherdi, 2019) that, in the initial stages 
of VR laboratory implementation, preliminary 
orientation regarding the basic use of the VR 
environment is essential due to its limited familiarity 
among student. Additionally, when interacting with 
certain equipment in the VR laboratory, students 
frequently dropped the tools. As a result, they 
recommended the integration of tactile feedback effect, 
even within the virtual setting, to enhance realism and 
improve user interaction. 

Conclusion  
 

The development of an AI-integrated VR 
laboratory for the acid-base titration practicum received 
a positive response from students with details of 80.97% 
for the usefulness indicator, 77.06% for the efficiency 
indicator, and 79.45% for the interest indicator. The 
innovation carried out by adding virtual assistant audio 
as a form of AI integration in the VR laboratory has 
enhanced students’ interest in using the AI-integrated 
VR laboratory during practicum activities. 

 
Acknowledgments  

I would like to express my sincere gratitude to the Indonesian 
Christian University, particularly the Chemistry Education 
Study Program, for their moral and material support in 

completing this research. 
 
Author Contributions 

Conceptualization: N.I.S.; evaluation: E.S., N.I.S.; design: 
N.I.S., E.S., L.S.L.P., N.H., A.N.; development: A.N., N.I.S., E.S., 
L.S.L.P., N.H.; implementation: N.I.S., E.S., L.S.L.P; evaluation: 
E.S., L.S.L.P.; methodology: L.S.L.P.; validation: N.H.; formal 
analysis: N.I.S.; resources: E.S., N.H., A.N., data curation: 
N.I.S., L.S.L.P., writing-review and editing: NIS. 
All authors have read this article and agreed to the published 
version of the manuscript.  
 
Funding 

This research received no external funding 

 

Conflicts of Interest 
In writing this article, we sincerely declare that no conflict of 
interest may affect the objectivity and integrity of the results 

 
References  

Alkhaldi, T., Pranata, I., & Athauda, R. I. (2016). A review 

of contemporary virtual and remote laboratory 

implementations: observations and findings. Journal 

of Computers in Education, 3(3), 329–351. 

https://doi.org/10.1007/s40692-016-0068-z  
Balsam, P., Borodzicz, S., Malesa, K., Puchta, D., 

Tymińska, A., Ozierański, K., Kołtowski, Ł., Peller, 

75.00

76.00

77.00

78.00

79.00

80.00

81.00

Usefulness Effciency Interest

P
e

rc
e

n
ta

g
e

Students’ Perceptions of the Use of AI-
Integrated VR Laboratory for Acid-Base 

Titration Practicum

https://doi.org/10.1007/s40692-016-0068-z


 

Jurnal Penelitian Pendidikan IPA (JPPIPA) January 2024, Volume 10 Issue 1, 1-8 
 

6 

M., Grabowski, M., Filipiak, K. J., & Opolski, G. 

(2019). OCULUS study: Virtual reality-based 

education in daily clinical practice. Cardiology 

Journal, 26(3), 260–264. 

https://doi.org/10.5603/CJ.a2017.0154  

Batubara, M. H. (2020). Penerapan Teknologi Artificial 

Intelligence dalam Proses Belajar Mengajar di Era 

Industri 4.0 dan Sociaty 5.0. Kampus Merdeka Seri 1: 

Menilik Kesiapan Teknologi Dalam Sistem Kampus, 

53. 

Bortnik, B., Stozhko, N., Pervukhina, I., Tchernysheva, A., 

& Belysheva, G. (2017). Effect of virtual analytical 

chemistry laboratory on enhancing student research 

skills and practices. Research in Learning 

Technology, 25. https://doi.org/10.25304/rlt.v25.1968  

Branch, R. M. (2019). Robert Maribe Branch-Instructional 

Design (The ADDIE Approach). Journal of Chemical 

Information and Modeling, 71–75.   

Calvert, J. , & A. R. (2020). Impact of immersing university 

and high school students in educational linear 

narratives using virtual reality technology. Computers 

& Education, 159, 104005. 

https://doi.org/https://doi.org/10.1016/j.compedu.202

0.104005  

Fung, F. M., Choo, W. Y., Ardisara, A., Zimmermann, C. 

D., Watts, S., Koscielniak, T., Blanc, E., Coumoul, X., 

& Dumke, R. (2019). Applying a Virtual Reality 

Platform in Environmental Chemistry Education to 

Conduct a Field Trip to an Overseas Site. Journal of 

Chemical Education, 96(2), 382–386. 

https://doi.org/10.1021/acs.jchemed.8b00728  

Lestari, I., Kuswandi, D., & Sudjimat, D. A. (2023). 

Influence of Guided Inquiry Learning Strategies 

Assisted with Virtual Laboratories in Thematic 

Learning on The Critical Thinking Abilities of 

Primary School Students. Jurnal Penelitian 

Pendidikan IPA, 9(SpecialIssue), 967–973. 

https://doi.org/10.29303/jppipa.v9ispecialissue.6262  

Listyarini, R., & Nur Pamenang, F. (2022, June 1). 

Development of Virtual Laboratory for Chemical 

Kinetics. https://doi.org/10.4108/eai.21-12-

2021.2317333  

Marzuki, H., & Astuti, R. T. (2017). Orbital: Jurnal 

Pendidikan Kimia Volum 1, Nomor 1. 

https://doi.org/10.19109/ojpk.v1i1.1862  

Mondal, D. (2025). Artificial Intelligence in Environmental 

Science. 

Petrov, P. D., & Atanasova, T. V. (2020). The Effect of 

augmented reality on students’ learning performance 

in stem education. Information (Switzerland), 11(4). 

https://doi.org/10.3390/INFO11040209  

Pradibta, H., & Nurhasan, U. (2020). Utilization of virtual 

reality content for laboratory practicum learning. IOP 

Conference Series: Materials Science and 

Engineering, 732(1). https://doi.org/10.1088/1757-

899X/732/1/012087  

Purba, L. S. L. , S. E. , H. N. , S. N. I. , & Z. B. H. P. (2023). 

Comparison of Perceptions of High School Students 

Based on Class Levels on Utilization of Virtual 

Reality Laboratories. In International Journal of 

Science, Engineering and Management (IJSEM) (Vol. 

10, Issue 1). 

https://www.researchgate.net/publication/369543157  

Puspita, I. (2020). PhET Aplication Program: Strategi 

Penguatan Pemahaman Pembelajaran Jarak Jauh pada 

Materi Radiasi Benda Hitam melalui Percobaan 

Berbantu Lab Virtual dan Media Sosial. Jurnal 

Pendidikan Madrasah, 5(1), 57–68. 

https://doi.org/https://doi.org/10.14421/jpm.2020.51-

07  

Puti, T. N., Karyanto, P., & Fatmawati, U. (2024). 

Application of Project-Based Learning and Discovery 

Learning in Virtual Media on Analytical Thinking 

Skills for Animal Classification. Jurnal Penelitian 

Pendidikan IPA, 10(6), 3083–3091. 

https://doi.org/10.29303/jppipa.v10i6.4635  

Rahmi, C., Zakiyah, H., Dewi, D. K., & Jayanti, E. (2023). 

Development of Reaction Rate Lab Virtual Media in 

Basic Chemistry Practicum. Jurnal Penelitian 

Pendidikan IPA, 9(4), 2125–2134. 

https://doi.org/10.29303/jppipa.v9i4.2126  

Rawat, A. (2024). APPLICATIONS OF ARTIFICIAL 

INTELLIGENCE IN SCIENCE. International 

Journal of Pharmaceutical Science and Medicine, 

2(1), 53–63. https://doi.org/10.70199/ijpsm.2.2.53-

63  

Reeves, S. M., & Crippen, K. J. (2021). Virtual 

Laboratories in Undergraduate Science and 

Engineering Courses: a Systematic Review, 2009–

2019. In Journal of Science Education and 

Technology (Vol. 30, Issue 1, pp. 16–30). Springer 

Science and Business Media B.V. 

https://doi.org/10.1007/s10956-020-09866-0  

Reny, S., & Salempa, P. (2018). PENGEMBANGAN 

LABORATORIUM VIRTUAL BERBASIS 

MULTIMEDIA INTERAKTIF PADA PRAKTIKUM 

TITRASI ASAM BASA (Vol. 2, Issue 1). 

Rokhim, D., Asrori, M., & Widarti, H. (2020). 

Pengembangan Virtual Laboratory Pada Praktikum 

Pemisahan Kimia Terintegrasi Telefon Pintar. JKTP: 

Jurnal Kajian Teknologi Pendidikan, 3(2), 216–226. 

https://doi.org/10.17977/um038v3i22020p216  

Russell, S., & Norvig, P. (2021). Artificial Intelligence: A 

modern approach 2 nd ed. Pearson Education, USA. 

Safiatuddin, S., & Asnawi, R. (2023). Effectiveness of 

Using Virtual Reality-Based Virtual Laboratories in 

the Internet of Things Course. Jurnal Penelitian 

Pendidikan IPA, 9(7), 5062–5070. 

https://doi.org/10.29303/jppipa.v9i7.4040  

Sasmitatias, F., & Kuswanto, H. (2018). The Development 

of Science Learning Device Based on Serukam Local 

Culture To Improve Students’ Analytical Skill ARTICL 

https://doi.org/10.5603/CJ.a2017.0154
https://doi.org/10.25304/rlt.v25.1968
https://doi.org/https:/doi.org/10.1016/j.compedu.2020.104005
https://doi.org/https:/doi.org/10.1016/j.compedu.2020.104005
https://doi.org/10.1021/acs.jchemed.8b00728
https://doi.org/10.29303/jppipa.v9ispecialissue.6262
https://doi.org/10.4108/eai.21-12-2021.2317333
https://doi.org/10.4108/eai.21-12-2021.2317333
https://doi.org/10.19109/ojpk.v1i1.1862
https://doi.org/10.3390/INFO11040209
https://doi.org/10.1088/1757-899X/732/1/012087
https://doi.org/10.1088/1757-899X/732/1/012087
https://www.researchgate.net/publication/369543157
https://doi.org/https:/doi.org/10.14421/jpm.2020.51-07
https://doi.org/https:/doi.org/10.14421/jpm.2020.51-07
https://doi.org/10.29303/jppipa.v10i6.4635
https://doi.org/10.29303/jppipa.v9i4.2126
https://doi.org/10.70199/ijpsm.2.2.53-63
https://doi.org/10.70199/ijpsm.2.2.53-63
https://doi.org/10.1007/s10956-020-09866-0
https://doi.org/10.17977/um038v3i22020p216
https://doi.org/10.29303/jppipa.v9i7.4040


 

Jurnal Penelitian Pendidikan IPA (JPPIPA) January 2024, Volume 10 Issue 1, 1-8 
 

7 

E IN FO ABSTRACT. 

https://doi.org/10.24331/ijere.441348  

Simatupang, N. I. , S. S. R. I. , S. A. P. , & S. I. M. (2020). 

Efektivitas pelaksanaan pengajaran online pada masa 

pandemi covid-19 dengan metode survey sederhana. 

Jurnal Dinamika Pendidikan, 13(2), 197–203. 

https://doi.org/https://doi.org/%2010.33541/jdp.v13i

2.1754  

Simatupang, N. I., Harefa, N., Sanga, L., Purba, L., & 

Sormin, E. (2023). Comparison of Perceptions of 

National SHS Students in the East Jakarta to Virtual 

Reality Laboratory. In Eur. Chem. Bull (Vol. 2023). 

https://doi.org/10.48047/ecb/2023.12.si7.431  

Sugiyono, S. (2015). Metode Penelitian dan 

Pengembangan: Research and Development: Untuk 

Bidang: Pendidikan, Manajemen, Sosial, Teknik. 

Bandung: Alfabeta. 

Suherdi, D. (2019). Teaching English in the industry 4.0 

and disruption era: Early lessons from the 

implementation of SMELT I 4.0 DE in a senior high 

lab school class. Indonesian Journal of Applied 

Linguistics, 9(1), 67–75. 

https://doi.org/10.17509/ijal.v9i1.16418  

Supriadi, S. R. R. P. , Sulistiyani, & Chusni, M. M. (2022). 

Inovasi pembelajaran berbasis teknologi Artificial 

Intelligence dalam Pendidikan di era industry 4.0 dan 

society 5.0. https://e-journal.iain-

palangkaraya.ac.id/index.php/mipa/  

Tatli, Z., & Ayas, A. (2010). Virtual laboratory applications 

in chemistry education. Procedia - Social and 

Behavioral Sciences, 9, 938–942. 

https://doi.org/10.1016/j.sbspro.2010.12.263  

Widarti, H. R., Yamtinah, S., Mawardi, M., Rokhim, D. A., 

Siddiq, A. S., Syafruddin, A. B., Sriwahyuni, T., 

Rachmanita, Z. A., Amalia, E. R. F., Baharsyah, A., & 

Anggraini, T. (2022). Analysis Understanding 

Participant Educate to Theory Rate Reaction. Jurnal 

Penelitian Pendidikan IPA, 8(6), 3027–3033. 

https://doi.org/10.29303/jppipa.v8i6.2462  

Wulandari, H., Turmudi, T., Purnama, A. L., Ginting, D. I., 

Robiatussa’diyah, D., Dewi, G. Y., Agustin, N. E., 

Hasan, N. A. F., & Lestari, S. D. (2021). Sosialisasi 

Penggunaan Media Pembelajaran Berbasis IT untuk 

Menanggulangi Dampak Covid-19 dalam Bidang 

Pendidikan. Mitra Mahajana: Jurnal Pengabdian 

Masyarakat, 2(2), 145–153. 

https://doi.org/10.37478/mahajana.v2i2.956  

  

https://doi.org/10.24331/ijere.441348
https://doi.org/https:/doi.org/%2010.33541/jdp.v13i2.1754
https://doi.org/https:/doi.org/%2010.33541/jdp.v13i2.1754
https://doi.org/10.48047/ecb/2023.12.si7.431
https://doi.org/10.17509/ijal.v9i1.16418
https://e-journal.iain-palangkaraya.ac.id/index.php/mipa/
https://e-journal.iain-palangkaraya.ac.id/index.php/mipa/
https://doi.org/10.1016/j.sbspro.2010.12.263
https://doi.org/10.29303/jppipa.v8i6.2462
https://doi.org/10.37478/mahajana.v2i2.956


BUKTI KONFIRMASI ARTIKEL ACCEPTED

DANMASUK COPPY EDITED.

(20 Agustus 2025)



Outlook

[JPPIPA] Editor Decision

Dari Editor <jppipa@unram.ac.id>

Tanggal Rab 20/08/2025 07.45

Ke Nova Irawati Simatupang <nova@uki.ac.id>

1 lampiran (3 MB)

B-Artikel Review_11587; Revisi.docx;

Nova Irawati Simatupang:

We have reached a decision regarding your submission to Jurnal Penelitian Pendidikan IPA, "D
Development of Virtual Reality Laboratory Integrated with Artificial Intelligence for Acid-Base
Titration Practicum ".

Our decision is to: Accept Submission

Jurnal Penelitian Pendidikan IPA (JPPIPA)

12/5/25, 3:47 PM Kotak Masuk - Nova Irawati Simatupang - Outlook

https://outlook.office365.com/mail/id/AAQkADVkNmEzMjdlLTNlZWQtNGE4MC04MmU1LWVkYmY1NjhjMDM0ZQAQAFG1Y%2BtXr35LkiVJ1askvO4… 1/1



11587 /  Simatupang et al. /  Development of Virtual Reality Laboratory Integrated with A Library

Workflow Publication

   Submission Review Copyediting Production

Name From Last Reply Replies Closed

Add discussionCopyediting Discussions

No Items

SearchCopyedited 

 _11587.docx68500 August
20,
2025

Article Text

⟵ Back to Submissions

Jurnal Penelitian Pendidikan IPA  

12/5/25, 2:37 PM Simatupang et al. | Development of Virtual Reality Laboratory Integrated with Artificial Intelligence for Acid-Base Titration Practicum | Jurn…

https://jppipa.unram.ac.id/index.php/jppipa/authorDashboard/submission/11587 1/1

https://jppipa.unram.ac.id/index.php/jppipa/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=11587&stageId=1
https://jppipa.unram.ac.id/index.php/jppipa/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=11587&stageId=3
https://jppipa.unram.ac.id/index.php/jppipa/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=11587&stageId=4
https://jppipa.unram.ac.id/index.php/jppipa/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=11587&stageId=5
https://jppipa.unram.ac.id/index.php/jppipa/$$$call$$$/grid/queries/queries-grid/add-query?submissionId=11587&stageId=4
https://jppipa.unram.ac.id/index.php/jppipa/$$$call$$$/api/file/file-api/download-file?submissionFileId=68500&submissionId=11587&stageId=4
https://jppipa.unram.ac.id/index.php/jppipa/submissions
https://jppipa.unram.ac.id/index.php/jppipa/index


JPPIPA 11(7) (2025)

Jurnal Penelitian Pendidikan IPA

http://jppipa.unram.ac.id/index.php/jppipa/index

___________

How to Cite:

Simatupang, N. I., Sormin, E., Purba, L. S. L., Harfa, N., & Nugroho, A. (2025). Development of Virtual Reality Laboratory Integrated with

Artificial Intelligence for Acid-Base Titration Practicum. Jurnal Penelitian Pendidikan IPA, 11(7), 1186–1192.

https://doi.org/10.29303/jppipa.v11i7.11587

Development of Virtual Reality Laboratory Integrated with

Artificial Intelligence for Acid-Base Titration Practicum

Nova Irawati Simatupang
1*
, Elferida Sormin

1
, Leony Sanga Lamsari Purba

1
, Nelius Harfa

1
, Adi

Nugroho
2

1
Chemistry Education Study Program, Faculty of Teacher Training and Education, Universitas Kristen Indonesia, Jakarta, Indonesia.
2
School of Business and Economics, Universitas Prasetya Mulya, Jakarta, Indonesia.

Received: May 4, 2025

Revised: June 27, 2025

Accepted: July 25, 2025

Published: July 31, 2025

Corresponding Author:

Nova Irawati Simatupang

nova@uki.ac.id

DOI: 10.29303/jppipa.v11i7.11587

© 2025 The Authors. This open

access article is distributed under

a (CC-BY License)

Abstract: The development of technology-based learning platforms and media has

been widely carried out; however, most of efforts primarily focus on increasing

student interest, while less attention is given to enhancing skills and scientific

thinking processes. The purpose of this research was to develop a technology –

based learning media, namely a Virtual Reality (VR) laboratory integrated with

Artificial Intelligence (AI) to support students’ scientific thinking skills and

processes. The AI - integrated VR laboratory was specifically developed for the

implementation of acid-base titration practicums. The research followed the

ADDIE development model. During the implementation phase, the product was

tested on 31 students from Chemistry Education Study Program at UKI, selected

using a random sampling technique. Data collection, particularly for product

evaluation, was conducted using a non-test instrument in the form of a Likert

scale questionnaire. The instrument consisted of indicators of usefulness,

efficiency, and interest which were share via Google Form link. Before being

distributed to student, the instrument has been validated by an expert validator

with a background in chemistry learning media. The results of the analysis

indicated that the AI-integrated VR laboratory received positive response from

students with a percentage level of 80.79% for the usefulness indicator, 77.06%

for the efficiency indicator, and 79,45% for the interest indicator. Therefore, the
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https://doi.org/10.29303/jppipa.v11i7.11587
https://doi.org/10.29303/jppipa.v11i7.11587


Jurnal Penelitian Pendidikan IPA (JPPIPA) July 2025, Volume 11 Issue 7, 1186-1192

1187

result of the development of VR laboratory integrated with AI can be considered as

a viable alternative learning media for conducting acid-base titration practicum.

Keywords: Acid-base titration; Artificial intelligence; Chemistry; Practicum; Virtual

reality laboratory.

Introduction

The integration of technology into education

has been progressively advancing, particularly

following the widespread adoption of the online

learning system during the COVID-19 pandemic.

Technology-based learning platforms and media

have been extensively developed to facilitate

effective online instruction (Simatupang et al., 2020).

The utilization of technology in learning media is

considered to be able to provide convenience in

learning activities, and promote the development

students' critical thinking skills (Lestari et al., 2023;

Puti et al., 2024).

The application of technology into science

education, especially in the field of chemistry, has

been consistently, as students are more likely to

comprehend and apply scientific concepts

effectively when the theoretical knowledge is

accompanied by practical experiences. Nevertheless,

current development in learning media and the

integration of technology in chemistry learning

activities have largely emphasized enhancing student

engagement, student interest and the production of

scientific outcomes, rather than fostering deeper

conceptual understanding (Sasmitatias & Kuswanto,

2018).

Chemistry, as a branch of the natural sciences,

inherently requires practical laboratory activities to

foster a deeper conceptual understanding. One

fundamental area of chemistry that demands

experimental validation is acid–base

titration(Marzuki & Astuti, 2017). The implementation

of laboratory practicums is considered both

practical and effective when carried out to teach

chemical concepts, particularly in the context of

acid-base titration (Reny & Salempa, 2018) . This

supports the assertion that practical sessions are an

integral part of chemistry education are an

inseparable component of the learning process and

play a crucial role in enabling students to achieve

meaningful learning and gain firsthand experience in

validating various chemical concepts (Tatli & Ayas,

2010; Widarti et al., 2022) . In addition to enhancing

students’ comprehension of chemical principles,

especially those related to acid–base titration,

practicum activities help students become familiar

and understand the various uses of practicum tools

and materials available in the laboratory.

Furthermore, beyond improving laboratory skills,

practicum activities contribute significantly to the

development of students scientific thinking process

skills (Listyarini & Nur Pamenang, 2022).

In the implementation of practical laboratory

activities at both schools and university levels,

financial constraints are unavoidable because such

activities incur significant costs. Facilitating

laboratory practicums requires funding for facilities

and infrastructure, including laboratory instruments

and consumable materials, which are relatively

expensive (Pradibta & Nurhasan, 2020) .

Consequently, there is a growing need for alternative
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learning media that provide cost-effective, safe, and

flexible solutions. The development of virtual

laboratories through technology innovation offers a

promising alternative, especially given the rapid

advancement of technology that significantly

impacts education, particularly in science learning

(Safiatuddin & Asnawi, 2023; Wulandari et al., 2021).

In several developing countries, conventional

chemistry laboratories used for practical coursework

have increasingly been replaced with virtual

laboratories (Fung et al., 2019) . Since 2016, the

development of virtual laboratories has been

implemented across various disciplines, including

robotics, information technology, engineering,

biology, physics, and chemistry. At the

undergraduate level, several virtual laboratory

initiatives have been developed to cover topics such

as: Cation analysis through flame test,

Determination of the mass fraction of fluoride ions

in toothpaste, and measurement of sugar content in

candy (Alkhaldi et al., 2016; Bortnik et al., 2017;

Reeves & Crippen, 2021).

The integration of Virtual Reality (VR)–based

laboratories in chemistry learning process has been

shown to yield positive outcomes and greater

flexibility, as they can be accessed anywhere and

anytime. Moreover, the tools and materials in the VR

laboratory room can be reused without additional

cost (Balsam et al., 2019; Calvert, 2020) . The

necessity of developing VR laboratories for

chemistry practical activities has also been positively

received by students from public and private high

schools in the Jakarta area (Purba, 2023;

Simatupang et al., 2023).

In addition to the advancement of VR-based

laboratories, virtual laboratories are also being

developed with the integration of Artificial

Intelligence (AI) to substitute the role of laboratory

supervisors or assistants in the laboratory. Artificial

Intelligence (AI) is a branch of computer science

concerned with the creation of intelligent machines

capable of performing tasks that that typically

require human intelligence. AI represents a key

technology in the era of the Industrial Revolution 4.0

era that is designed through modelling processes

that emulate and, in some cases, replace human

functions (Russell & Norvig, 2021; Supriadi et al.,

2022) . The integration of AI into virtual laboratory

environments enables the development of more

adaptive, effective, and efficient learning systems

(Mondal, 2025; Rawat, 2024). The development of AI

– integrated VR laboratories provides an alternative

solution for conducting virtual practicums,

particularly by enhancing student’s conceptual

understanding and engagement in science learning

activities (Puspita, 2020; Rokhim et al., 2020).

The development of a Virtual Reality laboratory

integrated with Artificial Intelligence (AI) is also

expected to address the findings of Reeves and

Crippen’s systematic review, which recommended

incorporating elements of social interaction in the

form of guidance delivered by an AI laboratory

assistant (Reeves & Crippen, 2021) . Therefore, the

development of VR laboratory integrated AI is

anticipated to serve not only as a solution in

situations where laboratory equipment is limited, and

learning is often confined to observing procedures

through demonstration videos. More importantly, this

VR laboratory integrated AI developed for Acid-Base

Titration is expected to assist students in practicing,

enhancing their conceptual understanding, and

improving their laboratory skills, particularly in the

implementation of acid-base titration practicums.
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Method

The research method employed as the

framework for developing the VR laboratory

integrated AI for the Acid-Base Titration practicum

was the ADDIE development model (Branch, 2019) .

According to Branch, the stages in this development

research consist of five stages: Analysis, Design,

Development, Implementation, and Evaluation. The

stages undertaken in the development of this the

VR laboratory integrated AI for the Acid-Base

titration practicum are illustrated in Figure 1.

Figure 1. Development Stage of the AI-integrated VR

Laboratory on the Topic of Acid-Base Titration

Chemistry Education Study Program at the

Christian University of Indonesia. At the end of the

implementation stage, a google form link was

distributed to the students containing a non-test

instrument used for the evaluation phase. The non-

test instrument contains 12 statements covering

three indicators: usefulness, efficiency, and interest

in using the AI-integrated VR laboratory. The

instrument was developed using positively worded

statements on a five-point Likert scale, consisting

of the following categories: (1) very dissatisfied, (2)

dissatisfied, (3) somewhat satisfied, (4) satisfied,

and (5) very satisfied (Sugiyono, 2015).

Result and Discussion

Analysis Stage

The analysis stage was carried out by analyzing

students' perceptions regarding the need for a

virtual laboratory for the implementation of

chemistry practicum activities. The survey was

distributed to 150 high school students from three

public schools that already possessed conventional

laboratory facilities. The results of the analysis

indicated that students expressed a positive

response toward the development of a VR laboratory

for use in chemistry practicum activities

(Simatupang et al., 2023).

Based on the results of the analysis,

recommendations were made for the development of

VR laboratories utilizing the Oculus Quest platform

to enhance operational feasibility. The integration AI

in the VR laboratory development process was

limited to the implementation of virtual la laboratory

assistants, whose primary role is to provide

procedural instructions for conducting practicums to

the participants. The topic of Acid-Base Titration

was selected due to its relevance and applicability

not only for high school and vocational school

students but also at the university level,

Design Stage

In the second stage, the design process

commenced with the preparation of a practical

guide for Acid-Base Titration, entitled Determining

Acetic Acid Levels in Apple Cider Vinegar. Still within

the design stage, following the completion of the

experimental guide, the development of the VR
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laboratory was initiated by creating 3D assets for (a)

the laboratory environment, (b) laboratory equipment,

and (c) the virtual laboratory assistant, as illustrated

in Figure 2.

Figure 2. Creative 3D Design of the VR Laboratory Room

and Equipment’s

The 3D design of the laboratory space was

modelled to replicate the actual layout of the

chemistry laboratory at the Universitas Kristen

Indonesia. This approach aimed to ensure that, when

students use the Oculus Quest to access the virtual

laboratory, they experience an immersive

environment that closely resembles being in a real

laboratory setting (Petrov & Atanasova, 2020).

Development Stage

In the third stage, the development process

commenced by collecting data on the experimental

activities for Determining Acetic Acid Levels in Apple

Cider Vinegar in the real laboratory setting. In

addition to collecting data for the practical activities,

data were also collected on the actions of the virtual

assistant when providing experimental instructions.

This activity data was subsequently integrated into

the AI-integrated VR laboratory environment, as

illustrated in Figure 3.

Figure 3. Integration of actual laboratory practices into VR

Several innovations were incorporated into the

development of the AI-integrated VR laboratory for

the Acid-Base Titration experiment, including:

(1) Prior to conducting the practicum, students

(practitioners) are required to complete a pre-test

as a prerequisite for accessing the laboratory space

or practicum station;

(2) As part of the AI implementation, the VR

laboratory includes a virtual assistant (a female

laboratory assistant) equipped with audio

instructions that convey the experimental procedure.

The addition of audio is intended to enhance the

sense of realism during practicum sessions

conducted in the VR laboratory (Batubara, 2020);

(3) In addition to the audio instructions provided by

the virtual assistant, the procedural steps are also

displayed as pop-up texts. At the bottom of each

pop-up, a component is included that allows users

to repeat the procedure in case of any errors in the

execution. These innovations were designed to

enhance the flexibility and efficiency of chemistry
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practicum sessions conducted using the AI-

integrated VR laboratory.

Implementation Stage

The implementation stage was conducted after

the development process had been completed and

the product had undergone validation. The validated

components included: the suitability of the

experiment with the Acid-Base Titration topic, the

relevance of the questions used in the pre-test, the

accuracy of the names and forms of laboratory

equipment, and the availability of necessary

materials for conducting the experiment.

The implementation was carried out directly with 31

undergraduate students from the Chemistry

Education Study Program at Universitas Kristen

Indonesia, comprising students from four different

cohorts, as shown in Figure 4.

Figure 4. Implementation of AI-integrated VR laboratory

In the final stage, following the implementation

of the AI-integrated VR laboratory, a Google Form

link containing 12 statements was distributed to the

students

Evaluation Stage

The evaluation stage was conducted based on

student’s responses collected through a Google

Form instrument. The questionnaire data were

analyzed by calculating the percentage scores for

the three indicators included in the instrument.

These indicators focused on:

(1) Usefulness – assessing students’ perceptions of

the benefits of using an AI-integrated VR laboratory

to conduct experiments on the Acid-Base Titration

topic;

(2) Efficiency – evaluating whether students

experienced ease or difficulty when using the AI-

integrated VR laboratory with the aid of Oculus

Quest 2;

(3) Interest – determining the extent to which

students were interested in using the AI-integrated

VR laboratory in future practicum activities.

Based on the data obtained from the 31

participants, it was found that 83.87% of the

students had previously heard about the use of VR

laboratories in chemistry learning. Furthermore, the

analysis results indicated that students responded

positively to the use of the AI-integrated VR

laboratory, with a percentage score exceeding 70%

for each indicator (Figure 5). The highest percentage

was recorded for the usefulness indicator, reaching

80.97%. Although this percentage does not reach

90%, as reported in the development of a VR

laboratory for the reaction rate topic (Rahmi et al.,

2023) . Overall, the AI-integrated VR laboratory

developed in this research can be considered a

viable alternative learning media for conducting

chemistry practicum activities on the topic of Acid-

Base Titration. This finding aligns with the primary

objective of developing a virtual laboratory, namely

to provide students with a learning media for

students that enables risk-free exploration and the

ability to independent perform practical activities

(Bortnik et al., 2017).
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Figure 5. Percentage of student’s perceptions on the use

of AI-integrated VR laboratories for Acid-Base Titration

practicums.

Students responses demonstrated high interest

using the AI-integrated VR laboratory in practicum

activities, with a percentage of 79.45%. This interest

appears to stem from the VR laboratory’s capacity

to facilitate independent exploration without the

procedural limitations often encountered in real

laboratory setting (Alkhaldi et al., 2016) . One of the

most appealing features identified by students was

the inclusion of an audio-based virtual assistant

(laboratory assistant), which helped reduce the need

to repeatedly consult the experimental manual.

The lowest percentage was observes for the

efficiency indicator. Several first-semester students,

who had never previously used the Oculus Quest,

reports difficulties in entering the virtual laboratory

room, and confusion regarding the delineation of

their work area during experimental activities. This

finding supports the observation by (Suherdi, 2019)

that, in the initial stages of VR laboratory

implementation, preliminary orientation regarding the

basic use of the VR environment is essential due to

its limited familiarity among student. Additionally,

when interacting with certain equipment in the VR

laboratory, students frequently dropped the tools. As

a result, they recommended the integration of tactile

feedback effect, even within the virtual setting, to

enhance realism and improve user interaction.

Conclusion

The development of an AI-integrated VR

laboratory for the acid-base titration practicum

received a positive response from students with

details of 80.97% for the usefulness indicator,

77.06% for the efficiency indicator, and 79.45% for

the interest indicator. The innovation carried out by

adding virtual assistant audio as a form of AI

integration in the VR laboratory has enhanced

students’ interest in using the AI-integrated VR

laboratory during practicum activities.
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Abstract: The development of technology-based learning platforms and media has been 
widely carried out; however, most of efforts primarily focus on increasing student 
interest, while less attention is given to enhancing skills and scientific thinking processes. 
The purpose of this research was to develop a technology – based learning media, namely 
a Virtual Reality (VR) laboratory integrated with Artificial Intelligence (AI) to support 
students’ scientific thinking skills and processes. The AI - integrated VR laboratory was 
specifically  developed for the implementation of acid-base titration practicums. The 
research followed the ADDIE development model. During the implementation phase, 
the product was tested on 31 students from Chemistry Education Study Program at UKI, 
selected using a random sampling technique. Data collection, particularly for product 
evaluation, was conducted using a non-test instrument in the form of a Likert scale 
questionnaire. The instrument consisted of indicators of usefulness, efficiency, and 
interest which were share via Google Form link. Before being distributed to student, the 
instrument has been validated by an expert validator with a background in chemistry 
learning media. The results of the analysis indicated that the AI-integrated VR laboratory 
received positive response from students with a percentage level of 80.79% for the 
usefulness indicator, 77.06% for the efficiency indicator, and 79,45% for the interest 
indicator. Therefore, the result of the development of VR laboratory integrated with AI 
can be considered as a viable alternative learning media for conducting acid-base 
titration practicum. 
 
Keywords: Acid-base titration; Artificial intelligence; Chemistry; Practicum; Virtual 
reality laboratory. 

  

Introduction  
 

The integration of technology into education has 
been progressively advancing, particularly following 
the widespread adoption of the online learning system 
during the COVID-19 pandemic. Technology-based 
learning platforms and media have been extensively 
developed to facilitate effective online instruction 
(Simatupang et al., 2020). The utilization of technology 
in learning media is considered to be able to provide 
convenience in learning activities, and promote the 
development students' critical thinking skills (Lestari et 
al., 2023; Puti et al., 2024). 

The application of technology into science 
education, especially in the field of chemistry, has been 
consistently, as students are more likely to comprehend  
and apply scientific concepts effectively when the 
theoretical knowledge is accompanied by practical 
experiences. Nevertheless, current development in 
learning media and the integration of technology in 
chemistry learning activities have largely emphasized 
enhancing student engagement, student interest and the 
production of scientific outcomes, rather than fostering 
deeper conceptual understanding (Sasmitatias & 
Kuswanto, 2018). 
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Chemistry, as a branch of the natural sciences, 
inherently requires practical laboratory activities to 
foster a deeper conceptual understanding. One 
fundamental area of chemistry that demands  
experimental validation is acid–base titration(Marzuki 
& Astuti, 2017). The implementation of laboratory 
practicums is considered both practical and effective 
when carried out to teach chemical concepts, 
particularly in the context of acid-base titration (Reny & 
Salempa, 2018). This supports the assertion that practical 
sessions are an integral part of chemistry education are 
an inseparable component of the learning process and 
play a crucial role in enabling students to achieve 
meaningful learning and gain firsthand experience in 
validating various chemical concepts (Tatli & Ayas, 
2010; Widarti et al., 2022). In addition to enhancing 
students’ comprehension of chemical principles, 
especially those related to acid–base titration, practicum 
activities help students become familiar and understand 
the various uses of practicum tools and materials 
available in the laboratory. Furthermore, beyond 
improving laboratory skills, practicum activities 
contribute significantly to the development of students 
scientific thinking process skills (Listyarini & Nur 
Pamenang, 2022). 

In the implementation of practical laboratory 
activities at both schools and university levels, financial 
constraints are unavoidable because such activities incur 
significant costs. Facilitating laboratory practicums 
requires funding for facilities and infrastructure, 
including laboratory instruments and consumable 
materials, which are relatively expensive (Pradibta & 
Nurhasan, 2020). Consequently, there is a growing need 
for alternative learning media that provide cost-
effective, safe, and flexible solutions. The development 
of virtual laboratories through technology innovation 
offers a promising alternative,  especially given the rapid 
advancement of technology that significantly impacts 
education, particularly in science learning (Safiatuddin 
& Asnawi, 2023; Wulandari et al., 2021).  

In several developing countries, conventional 
chemistry laboratories used for practical coursework 
have increasingly been replaced with virtual 
laboratories (Fung et al., 2019). Since 2016, the 
development of virtual laboratories has been 
implemented across various disciplines, including 
robotics, information technology, engineering, biology, 
physics, and chemistry. At the undergraduate level, 
several virtual laboratory initiatives have been 
developed to cover topics such as: Cation analysis 
through flame test, Determination of the mass fraction of 
fluoride ions in toothpaste, and measurement of sugar 
content in candy (Alkhaldi et al., 2016; Bortnik et al., 
2017; Reeves & Crippen, 2021).  

The integration of Virtual Reality (VR)–based 
laboratories in chemistry learning process has been 
shown to yield positive outcomes and greater flexibility, 
as they can be accessed anywhere and anytime. 
Moreover, the tools and materials in the VR laboratory 
room can be reused without additional cost (Balsam et 
al., 2019; Calvert, 2020). The necessity of developing VR 
laboratories for chemistry practical activities has also 
been positively received by students from public and 
private high schools in the Jakarta area (Purba, 2023; 
Simatupang et al., 2023). 

In addition to the advancement of VR-based 
laboratories, virtual laboratories are also being 
developed with the integration of Artificial Intelligence 
(AI) to substitute the role of laboratory supervisors or 
assistants in the laboratory. Artificial Intelligence (AI) is 
a branch of computer science concerned with the 
creation of intelligent machines capable of performing 
tasks that that typically require human intelligence. AI 
represents a key technology in the era of the Industrial 
Revolution 4.0 era that is designed through modelling  
processes that emulate and, in some cases, replace 
human functions (Russell & Norvig, 2021; Supriadi et al., 
2022). The integration of AI into virtual laboratory 
environments enables the development of more 
adaptive, effective, and efficient learning systems 
(Mondal, 2025; Rawat, 2024). The development of AI – 
integrated VR laboratories provides an alternative 
solution for conducting virtual practicums, particularly 
by enhancing student’s conceptual understanding and 
engagement in science learning activities (Puspita, 2020; 
Rokhim et al., 2020). 

The development of a Virtual Reality laboratory 
integrated with Artificial Intelligence (AI) is also 
expected to address the findings of Reeves and 
Crippen’s systematic review, which recommended 
incorporating elements of social interaction in the form 
of guidance delivered by an AI laboratory assistant 
(Reeves & Crippen, 2021). Therefore, the development of 
VR laboratory integrated AI is anticipated to serve not 
only as a solution in situations where laboratory 
equipment is limited, and learning is often confined to 
observing procedures through demonstration videos. 
More importantly, this VR laboratory integrated AI 
developed for Acid-Base Titration is expected to  assist 
students in practicing, enhancing their conceptual 
understanding, and improving their laboratory skills, 
particularly in the implementation of acid-base titration 
practicums.  

 

Method  
 
The research method employed as the framework 

for developing the VR laboratory integrated AI for the 
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Acid-Base Titration practicum was the ADDIE 
development model (Branch, 2019). According to 
Branch, the stages in this development research consist 
of five stages: Analysis, Design, Development, 
Implementation, and Evaluation. The stages undertaken 
in the development of this  the VR laboratory integrated 
AI for the Acid-Base titration practicum are illustrated in 
Figure 1. 
 

 
Figure 1. Development Stage of the AI-integrated VR 

Laboratory on the Topic of Acid-Base Titration 

 
Chemistry Education Study Program at the 

Christian University of Indonesia. At the end of the 
implementation stage, a google form link was 
distributed to the students containing a non-test 
instrument used for the evaluation phase. The non-test 
instrument contains 12 statements covering three 
indicators: usefulness, efficiency, and interest in using 
the AI-integrated VR laboratory.  The instrument was 
developed using positively worded statements on a five-
point Likert scale, consisting of the following categories: 
(1) very dissatisfied, (2) dissatisfied, (3) somewhat 
satisfied, (4) satisfied, and (5) very satisfied (Sugiyono, 
2015). 
 

Result and Discussion 
 
Analysis Stage 

The analysis stage was carried out by analyzing 
students' perceptions regarding the need for a virtual 
laboratory for the implementation of chemistry 
practicum activities. The survey was distributed to 150 
high school students from three public schools that 
already possessed conventional laboratory facilities. The 
results of the analysis indicated that students expressed 
a positive response toward the development of a VR 
laboratory for use in chemistry practicum activities 
(Simatupang et al., 2023). 

Based on the results of the analysis, 
recommendations were made for the development of VR 

laboratories utilizing the Oculus Quest platform to 
enhance operational feasibility. The integration AI in the 
VR laboratory development process was limited to the 
implementation of virtual la laboratory assistants, 
whose primary role is to provide procedural instructions 
for conducting practicums to the participants. The topic 
of Acid-Base Titration was selected due to its relevance 
and applicability not only for high school and vocational 
school students but also at the university level,  
 
Design Stage 

In the second stage, the design process commenced 
with the preparation of a practical guide for Acid-Base 
Titration, entitled Determining Acetic Acid Levels in 
Apple Cider Vinegar. Still within the design stage, 
following the completion of the experimental guide, the 
development of the VR laboratory was initiated by 
creating 3D assets for (a) the laboratory environment, (b) 
laboratory equipment, and (c) the virtual laboratory 
assistant, as illustrated in Figure 2. 

 

 
Figure 2. Creative 3D Design of the VR Laboratory Room and 

Equipment’s 

  
The 3D design of the laboratory space was 

modelled to replicate the actual layout of the chemistry 
laboratory at the Universitas Kristen Indonesia. This 
approach aimed to ensure that, when students use the 
Oculus Quest to access the virtual laboratory, they 
experience an immersive environment that closely 
resembles being in a real laboratory setting (Petrov & 
Atanasova, 2020). 
 
Development Stage 

In the third stage, the development process 
commenced by collecting data on the experimental 
activities for Determining Acetic Acid Levels in Apple 
Cider Vinegar in the real laboratory setting. In addition 
to collecting data for the practical activities, data were 
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also collected on the actions of the virtual assistant when 
providing experimental instructions. This activity data 
was subsequently integrated into the AI-integrated VR 
laboratory environment, as illustrated in Figure 3. 

 

 
Figure 3. Integration of actual laboratory practices into VR 

 
Several innovations were incorporated into the 

development of the AI-integrated VR laboratory for the 
Acid-Base Titration experiment, including: 
(1) Prior to conducting the practicum, students 
(practitioners) are required to complete a pre-test as a 
prerequisite for accessing the laboratory space or 
practicum station; 
(2) As part of the AI implementation, the VR laboratory 
includes a virtual assistant (a female laboratory 
assistant) equipped with audio instructions that convey 
the experimental procedure. The addition of audio is 
intended to enhance the sense of realism during 
practicum sessions conducted in the VR laboratory 
(Batubara, 2020); 
(3) In addition to the audio instructions provided by the 
virtual assistant, the procedural steps are also displayed 
as pop-up texts. At the bottom of each pop-up, a 
component is included that allows users to repeat the 
procedure in case of any errors in the execution. These 
innovations were designed to enhance the flexibility and 
efficiency of chemistry practicum sessions conducted 
using the AI-integrated VR laboratory. 
 
Implementation Stage 

The implementation stage was conducted after the 
development process had been completed and the 
product had undergone validation. The validated 
components included: the suitability of the experiment 
with the Acid-Base Titration topic, the relevance of the 
questions used in the pre-test, the accuracy of the names 
and forms of laboratory equipment, and the availability 
of necessary materials for conducting the experiment. 

The implementation was carried out directly with 31 
undergraduate students from the Chemistry Education 
Study Program at Universitas Kristen Indonesia, 
comprising students from four different cohorts, as 
shown in Figure 4. 
 

 
Figure 4. Implementation of AI-integrated VR laboratory 

 
In the final stage, following the implementation of 

the AI-integrated VR laboratory, a Google Form link 
containing 12 statements was distributed to the students 
 
Evaluation Stage 

The evaluation stage was conducted based on 
student’s responses collected through a Google Form 
instrument. The questionnaire data were analyzed by 
calculating the percentage scores for the three indicators 
included in the instrument. These indicators focused on: 
(1) Usefulness – assessing students’ perceptions of the 
benefits of using an AI-integrated VR laboratory to 
conduct experiments on the Acid-Base Titration topic; 
(2) Efficiency – evaluating whether students 
experienced ease or difficulty when using the AI-
integrated VR laboratory with the aid of Oculus Quest 2;  
(3) Interest – determining the extent to which students 
were interested in using the AI-integrated VR laboratory 
in future practicum activities. 

Based on the data obtained from the 31 participants, 
it was found that 83.87% of the students had previously 
heard about the use of VR laboratories in chemistry 
learning. Furthermore, the analysis results indicated that 
students responded positively to the use of the AI-
integrated VR laboratory, with a percentage score 
exceeding 70% for each indicator (Figure 5). The highest 
percentage was recorded for the usefulness indicator, 
reaching 80.97%. Although this percentage does not 
reach 90%, as reported in the development of a VR 
laboratory for the reaction rate topic (Rahmi et al., 2023). 
Overall, the AI-integrated VR laboratory developed in 
this research can be considered a viable alternative 
learning media for conducting chemistry practicum 
activities on the topic of Acid-Base Titration. This 
finding aligns with the primary objective of developing 
a virtual laboratory, namely to provide students with a 
learning media for students that enables risk-free 
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exploration and the ability to independent perform 
practical activities (Bortnik et al., 2017).  

 

 
Figure 5. Percentage of student’s perceptions on the use of 

AI-integrated VR laboratories for Acid-Base Titration 
practicums. 

 
Students responses demonstrated high interest 

using the AI-integrated VR laboratory in practicum 
activities, with a percentage of 79.45%. This interest 
appears to stem from the VR laboratory’s capacity to 
facilitate independent exploration without the 
procedural limitations often encountered in real 
laboratory setting (Alkhaldi et al., 2016). One of the most 
appealing features identified by students was the 
inclusion of an audio-based virtual assistant (laboratory 
assistant), which helped reduce the need to repeatedly 
consult  the experimental manual. 

The lowest percentage was observes for the 
efficiency indicator. Several first-semester students, who 
had never previously used the Oculus Quest, reports 
difficulties in entering the virtual laboratory room, and 
confusion regarding the delineation of their work area 
during experimental activities. This finding supports the 
observation by (Suherdi, 2019) that, in the initial stages 
of VR laboratory implementation, preliminary 
orientation regarding the basic use of the VR 
environment is essential due to its limited familiarity 
among student. Additionally, when interacting with 
certain equipment in the VR laboratory, students 
frequently dropped the tools. As a result, they 
recommended the integration of tactile feedback effect, 
even within the virtual setting, to enhance realism and 
improve user interaction. 

 

Conclusion  
 

The development of an AI-integrated VR laboratory 
for the acid-base titration practicum received a positive 
response from students with details of 80.97% for the 
usefulness indicator, 77.06% for the efficiency indicator, 

and 79.45% for the interest indicator. The innovation 
carried out by adding virtual assistant audio as a form of 
AI integration in the VR laboratory has enhanced 
students’ interest in using the AI-integrated VR 
laboratory during practicum activities. 
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