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Abstract: This study aimed to develop and evaluate the effectiveness of a Green Chemistry-based
virtual laboratory learning module in enhancing high school students' technology literacy. The
research design utilized the ADDIE model, including Analysis, Design, Development,
Implementation, and Evaluation. The study's participants were 12 students for a limited scale test
and 36 students for a field test, selected through purposive and cluster random sampling,
respectively. The data were collected through questionnaires and analyzed using statistical
techniques, including Sudijono's media feasibility interpretation scale and the System Usability
Scale (SUS) questionnaire. An Independent-Sample T-Test was used to assess the effectiveness
of the media in empowering student technology literacy. The results showed that the developed
virtual laboratory learning module effectively enhanced students' technology literacy, with a
significant difference between the experimental and control groups. This study's findings indicate
that virtual laboratories based on green chemistry provide a more engaging and enjoyable learning
experience, allowing students to be more involved in the learning process and better understand
chemistry concepts. The utilization of virtual laboratories can also enhance students' ability to use
technology, which is essential in today's digital world. Developing and implementing this Green
Chemistry-based virtual laboratory learning module can improve chemistry education and
students' digital literacy.
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INTRODUCTION
In the current era of globalization,

play an important role in supporting

theoretical explanations. Through

technology is deve-loping rapidly. The use
of technology in learning supports the
mastery of 21st-century skills for students,
especially in science education (Rokhim et
al., 2019). Chemistry, one of the science
disciplines, is closely related to laboratory

activities. Laboratory activities in chemistry

Laboratory activities, students can acquire
in-depth knowledge through the scientific
processof laboratory work (Muchson et al.,
2019, p.216). Technology has become an
Chemistry is an essential subject for
understanding the properties and reactions

of chemical substances in our daily lives,

*Alamat korespondensi: Jalan Ir. Sutami 36 A, Jebres, Surakarta, Central Java, Indonesia

e-mail: srimulyaniuns@staff.uns.ac.id
Accepted: February 27, 2023

48: ] Received: December 12, 2022

Online Published: February 28, 2023



and laboratory activities play a vital role in
the learning process(Barke, 2011).However,
the use of technology in laboratory activities
is limited due to high costs, limited space,
and availability of equipment and materials.
Therefore, developing a Green Chemistry-
based virtual chemistry laboratory can be a
solution to overcome these limitations. A
virtual chemistry laboratory is a distance
learning platform that allows students to
chemical

perform experiments  and

simulations without being physically
present in the laboratory (Gilbert,2006). This
technology-based solution aims to integrate
Green Chemistry concepts into chemistry
education  and  improve  students'
technological literacy. Developing a Green
virtual

Chemistry-based chemistry

laboratory  requires using  advanced
technology and developing suitable learning
modules for students (Ramos,2016).

An attempt to decrease the waste
generated from laboratory experiments is by
applying the principles of green chemistry
2002). The

principles of green chemistry include waste

(Lancaster, fundamental

prevention, reduction of dangerous
chemicals, making reactions more efficient,
and designing non-dangerous chemical
products (Warner, Cannon, & Dye, 2004).
In current's world, technology plays a

crucial role in education, and incorporating

the principles of green chemistry through a
virtual laboratory is an effective approach
(Elisa et al., 2020). Developing virtual
laboratories for chemistry education is a
potential solution for providing suitable
learning media for the 21st century.
Technological literacy is also a critical skill
that students need to develop, as emphasized
by Febliza and Oktariani (2020). The World
Economic Forum identified ICT literacy as
a fundamental skill necessary for the global
population in 2015, and technology has
become an essential tool for social needs in
the 21st century (Helaluddin, 2019).
However, there is a shortage of innovative
chemistry laboratory learning programs
prioritising student technological literacy, as
research shows. Thus, developing virtual
laboratory media can help implement
chemistry laboratory learning and promote
technological literacy in Indonesian schools.

Several studies have looked into ways
to improve chemistry education, including
using green chemistry principles and virtual
laboratories. For example, Chang and Kim
(2017) provide effective teaching strategies
for incorporating green chemistry principles
in chemistry education, while Pileggi et al.
(2020) found that virtual

improve students' understanding and skills.

laboratories

Elisa et al. (2020) also suggest that digital

technology can facilitate more interactive
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and flexible learning in chemistry education.
Overall, these studies suggest that using
green chemistry principles and virtual
laboratories can enhance the effectiveness of
chemistry teaching and make it more
engaging for students.

This article is significant because it
presents a new approach to enhance
students' learning experience using digital
technology to introduce Green Chemistry
concepts and improve their technological
literacy. The article's uniqueness lies in
developing a Green Chemistry-based virtual
laboratory focused on factors affecting
reaction rates, which previous studies have
not explored. In addition, the article
proposes solutions such as creating suitable
learning modules to improve the virtual
laboratory's  effectiveness. While other
studies have examined incorporating Green
Chemistry ~ principles and  virtual
laboratories in chemistry teaching, this
article stands out by combining the two and
emphasizing the importance of

technological literacy.

METHOD
Research Design

Research design refers to the plan or
approach utilized in addressing research
questions. This study used the development

research design, the ADDIE model

(Analysis, Design, Development,
Implementation, Evaluation).

A needs analysis is conducted in the
Analysis stage and the learning topic is
identified. In the Design stage, the virtual
laboratory module design plan s
developed. The Development stage
involves creating the virtual laboratory
learning module, including materials,
instruction, and media. The
Implementation stage applies the virtual
laboratory learning module to the
classroom learning context. This stage tests
and evaluates the quality of the module.
Lastly, the Evaluation stage examines the
effectiveness and efficiency of the Green
Chemistry-based  virtual laboratory
learning module developed. The research
design allows researchers to develop virtual
laboratory learning modules that meet the
needs of students. This study differs from
previous research emphasising technology
and teaching strategies in chemistry
learning. The research is significant in
developing Green Chemistry-based virtual
laboratory learning modules that enhance
the effectiveness and efficiency of
chemistry learning.

Data Analysis
The data analysis in this study was
conducted by analyzing the results from the

implementation phase, which included
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teacher and student responses, assessment
of the media product's usefulness, and the
effectiveness of the media in empowering
student technology literacy. This was done
using various techniques such as Sudijono's
(2008) media feasibility interpretation scale
for media validation, student
questionnaires on their responses to the
media and the System Usability Scale
(SUS) questionnaire for assessing the
media's usefulness. In addition, an
Independent-Sample T-Test was used to
determine the effectiveness of the media in
empowering student technology literacy.
Finally, all data obtained from the trials
were analyzed using statistical techniques
to evaluate the effectiveness of the
developed virtual chemistry laboratory
media. The results of this analysis will
serve as a basis for determining the
conclusion on the success of the virtual
chemistry laboratory media development in

empowering student technology literacy.

Participant and Instrument

In this study, the participants were
high school students in Surakarta. A limited
scale test was conducted on 12 students
selected through purposive sampling, while
a field test was conducted on 36 students

selected through cluster random sampling.

The instruments used in this study
were questionnaires to collect data on
students' technological literacy, their
responses to the media, and their evaluation
of the media's usefulness based on the
Usability (SUS).

Additionally, the researcher also conducted

System Scale
validation by subject matter experts and
media experts to evaluate the feasibility of
the developed media. Feasibility criteria
were based on Sudijono (2008) and
evaluated using a media feasibility
interpretation scale (Table 1).

Table 1. Scale of Media Feasibility
Interpretation

Score Criteria
>Mi+ 1,5 SBi Very feasible
Mi+0,5 SBi<s.d<Mi+15SBi Feasible
Mi—0,5SBi<s.d<Mi+0,5SBi Moderately
Mi—1,5SBi<s.d<Mi—-0,5SBi Less feasible
<Mi-1,5SBi Very less

feasible

RESULT AND DISCUSSION
The Analysis stage

the Analysis stage plays a crucial
role in identifying the research gap and
the need to develop a virtual laboratory
that incorporates green  chemistry
materials and principles. The literature
review conducted in this stage helped to
identify the existing virtual chemistry
laboratories and their limitations. The
literature review results indicated that no
virtual

laboratory incorporates green
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chemistry materials and principles, and
innovative chemistry practical learning
emphasizing  student  technological
literacy is rare and difficult to find. This
highlights the need to develop a virtual
laboratory that integrates green chemistry
principles and practices and emphasizes
student technological literacy.

The field studies and teacher
interviews further strengthen the need to
develop a virtual laboratory. The
interviews revealed that there is no
supporting media such as virtual
laboratories in practical activities, and the
development and use of virtual laboratory
media  can empower  students'
technological literacy. The student needs
analysis also emphasizes the need for
virtual laboratories. Most students agree
that virtual laboratories can make lessons
more enjoyable, and the availability of
supporting media such as virtual
laboratories is inadequate.

Based on field studies, interviews
with teachers revealed no supporting
virtual

media such as chemistry

laboratories in practical activities.
However, they support developing and
using virtual laboratory media to
empower students' technological literacy.
As for student needs analysis, 98% of

students agree that virtual laboratories

will make lessons more enjoyable, 63%
state that the availability of supporting
media such as virtual laboratories is
inadequate, and 97% agree with the
development of virtual laboratory media.

The Analysis stage in this study
helped identify the research gap and the
need to develop a virtual laboratory that
incorporates green chemistry materials
and principles (Lutfi, 2017). According to
the literature review conducted in this
stage, no virtual laboratory incorporates
green chemistry materials and principles,
and innovative chemistry practical

learning emphasizing student
technological literacy is rare and difficult
to find. Field studies and teacher
interviews further strengthened the need
to develop a virtual laboratory
(Kemdikbud, 2017). The student needs
analysis also emphasized the need for
virtual laboratories (Erlina et al., 2019).
Design Stage

In this research, a simulation of a
chemistry laboratory experiment was
designed based on the Basic
Competencies of reaction rate material,
which are learning outcome 3.6 and 4.7.
Through the virtual laboratory activity
using a virtual chemistry laboratory
conduct

application, students can

experiments to determine the effect of
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concentration, surface area of substances,
temperature, and pressure on reaction
rate. They can also conclude and present
the experimental data correctly and
independently with an active and

responsible attitude. In addition, students

L MEDIA PEMBELAJARAN VIRTUAL LAB

o)

FAKTOR-FAKTOR
YANG MEMPENGARUHI
LAJU REAKSI

("meoia pe
L

will learn how to design, perform, and
draw conclusions from experiments
related to the factors affecting reaction
rate.

The initial design of the virtual laboratory

is shown in Figure 1.

MBELAJARAN VIRTUAL LAS

PENGARUH KONSENTRASI

(b)

(1=25°C) (1=25°C)

(b)

(d)

Figure 1. (a) Homepage Design; (b) Initial Display of Experiment; (c) Practicum Simu-

lation Display; (d) Evaluation

Development Stage
At this stage, the media design was

realized into a virtual laboratory
application which subject matter experts
and media experts then validated. The
validation results from the media expert
and subject matter expert are presented in

Figure 2.

The average score of both media
experts on the software engineering
aspect was 46, which falls within the
assessment range of >40 and thus
considered "very feasible”. Meanwhile,
the

communication aspect was 38, which

average score on the visual

falls within the assessment range of >36
and thus considered "very feasible".
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Figure 2 Expert Validation Results

Based on Figure 2, the average score
from both content experts for the learning
aspect is 34.5, which falls within the "very
appropriate” criteria as the assessment range
is greater than 28. The average score for the
substance aspect is 19, which also falls
within the "very appropriate” criteria as the
assessment range is greater than 16.
Meanwhile, the average score for applying
the green chemistry aspect in the media is
46.5, which falls within the "very good"
criteria as the assessment range is over 39.
Figure 3 shows some media revision
summaries from both media and content
experts
Implementation

The study described above focuses on
developing and implementing a virtual
laboratory  application for  chemistry
education. Subject matter experts and media

experts validated the media design. The

implementation stage involved limited trials
on a small group of students and a field trial
with a larger group. The results of the
validation and implementation stages were

analyzed based on various criteria( Table 2

and 3).
Table 2. Student Response Results in
Limited Trials
Respondent  Total Average Criteria
Score
Student 1 — 936 78 Very
12 feasible

Table 3. Limited Trial Media Usability

Scores
Respondent  Total Total Average
Score  Value
Student 1 12 388 970 80,83

Based on the validation results, the media
design was found to be "very feasible"
regarding software engineering and
visual communication. In addition, the

media was found to be "very appropriate"
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in learning and substance aspects and
"very good” in applying green
chemistry. These findings are consistent
with the theory that effective multimedia
design should consider various aspects
such as visual communication, software
engineering, and content appropriateness
(Mayer, 2009).

The  implementation  stage
involved limited trials and a field trial
with students. The response from
students in the limited and field trials
was positive, with average scores falling
within the "very feasible" range. The
results of the SUS questionnaire also
indicated good usability of the
media(Table 4 and 5) . These findings
are consistent with the theory that
effective multimedia should have good
usability and be well-received by the
target audience (Nielsen, 1993).

The study also assessed student
technology literacy using a questionnaire
consisting of 68 statements based on the
dimensions of information,
communication, content creation, safety,
and problem-solving. The results
showed that the average technology
literacy score in the experimental class
was higher than that in the control class.

These findings are consistent with the

theory that technology can enhance
students' digital literacy and problem-
solving skills (Kirschner & Karpinski,
2010).

Overall, the findings of this study
suggest that the developed virtual
laboratory application for chemistry
education is effective in terms of media
design, usability, and student response.
In addition, the study provides evidence
to support the use of technology to
enhance students' digital literacy and
problem-solving skills. However, further
research is needed to investigate the
long-term impact of the developed media
on students' learning outcomes.

Table 4. Student Response Results in
Field Tests

Respondent Total Average Criteria
Score

Student 1 -36 2933 81.47 Very
feasible

Table 5. Field Trial Media Usefulness
Scores

Respondent  Total Total Average
Score Value

Student 1 -36 1183 29575 82.15

Evaluation Stage

During this stage, the results of
the implementation phase are analyzed.
In addition, an evaluation is conducted to
determine the effectiveness of virtual

laboratory media in enhancing students'
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technology literacy. To assess the
effectiveness of the media, an
Independent-Sample T-Test is
conducted. This test requires that both
sample groups have a normal
distribution and homogenous variation.

Table 6. Technology Literacy Data for
Experiment Class and Control

Class
Statistics of Experiment Kelas
Technology Literacy Class Kontrol
Highest score 266 250
Lowest value 200 162
Average 221.97 191
Standard deviation 15.92 19.95

The results of the technology
literacy data pretest for the experimental
and control groups are presented in
Table 7. A distribution is considered
normal if the significance level is greater
than 0.050. Based on Table 6, it can be
concluded that the technology literacy
data for both the experimental and
control groups have normal
distributions. A distribution s
considered  homogenous if the
significance level is greater than 0.05.
From Table 8, the Sig value is 0.761,
greater than 0.05, indicating that the
technology literacy questionnaire data
for both the experimental and control

groups are homogenous.

Table 7. Results of Technology Literacy
Data Normality Test

Class Sig Decision

Test
Experiment 0,125 Normal
Control 0,166 Normal

Table 8. Results of Technological
Literacy Data

Sig  Decision Test

Technology literacy 0.761 Homogeneous
questionnaire

Once the prerequisite tests are
met, an Independent-Sample T-Test,this
test is aimed at determining whether
there is a significant difference in
technology literacy  between the
experimental and control groups when
using the developed green chemistry-
based virtual laboratory media.

The results of the Independent T-
Test on the technology literacy data for
the experimental and control groups are

presented in Table 9.

Table 9. Independent T-Test Test Results

for Student Technology Literacy

Parameters Sig. (2-tailed)
Experimental Class and 0,000
Control Class Technology
Literacy

Table 9 shows that the 2-tailed
significance value for the Independent-
Sample T-Test is 0.000, less than 0.05,
indicating a significant difference in
between  the

technology literacy
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experimental and control groups when
using the developed green chemistry-
based virtual laboratory media.
Therefore, it can be concluded
that the developed green chemistry-
based  virtual laboratory = media

effectively enhances students'
technology literacy. This is supported by
the higher average technology literacy
scores for the experimental group
compared to the control group in all
dimensions of technology literacy
(information, communication, content
creation, safety, and problem solving).
Utilizing virtual laboratories based on
green chemistry can significantly
enhance students’ digital literacy.
According to research by Sigit et al.
(2021), virtual laboratories based on
green chemistry in chemistry education
can improve students' digital literacy. In
addition, the study states that virtual
laboratories based on green chemistry
provide a more engaging and enjoyable
learning experience for  students,
allowing them to be more involved in the
learning process and better understand
chemistry concepts.

In addition, the use of virtual
laboratories can also enhance students'
ability to use technology. In virtual

laboratory learning, students must

manipulate  software to simulate

chemical  experiments.  Therefore,
students will learn to use technology to
achieve their learning objectives.
Additionally,  students  will  gain
experience in collecting, organizing, and
analyzing experimental data. These
skills are crucial in the digital age, where
information and communication
technology have become integral to daily
life (Nada, & Sari, 2020).

Moreover, virtual laboratories
based on green chemistry also have other
benefits, such as reducing the use of
hazardous chemicals in experiments and
minimizing the environmental impact of
chemical waste. Virtual laboratories
based on green chemistry can reduce the
cost and time required to prepare
traditional ~ chemical  experiments,
providing a more environmentally
friendly and economical
alternative(Seery,2016).

Utilising virtual laboratories
based on green chemistry can
significantly enhance students' digital
literacy. Virtual laboratories provide a
more engaging and enjoyable learning
experience for students, and help
improve their ability to use information
and communication technology.

Additionally, virtual laboratories based
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on green chemistry have benefits in
reducing the environmental impact of
traditional ~ chemical  experiments.
Therefore, virtual laboratories based on
green chemistry can be an attractive
alternative in chemistry education in the

digital era.

Table 10. Average Score for Each

Dimension of Technology
Literacy
Dimension Average Score Maximal
Experiment  Control Score
Information 38.36 35.92 48
Communication 79.58 68.44 96
Content 37.92 29.00 48
Creation
Safety 33.53 30.14 40
Problem 32.58 27.47 40
Solving

Based on Table 10. The
experiment group scored higher in the
information dimension because virtual
laboratories require students to search
for and evaluate information, providing
them with more opportunities to improve
their  information literacy  skKills.
Additionally, virtual laboratories allow
students to access a vast amount of
information, enhancing their
understanding of the subject matter (Van
Dyke, 2019).

The experiment group also
scored higher in the communication
dimension because virtual laboratories

often require students to communicate

their findings and ideas through digital
tools and media, providing them with
opportunities  to  improve their
communication  skills. ~ Moreover,
collaborative  learning in  virtual
laboratories enhances communication
skills by providing opportunities to work
together and share ideas (Cacciatore, &
Sevian, 2006).

Regarding content creation, the
experiment group scored higher because
virtual laboratory-based green chemistry
requires students to create digital content
such as presentations and videos,
providing them opportunities to develop
skills. The

experiment group also scored higher in

their  content  creation
safety because virtual laboratories
integrate safety guidelines and practices,
emphasizing the importance of safety
and providing students with practical
guidance on using digital tools and
(Gutierrez,2020).

Furthermore, virtual laboratories allow

media safely

students to experiment with different
scenarios, enhancing their understanding
of safety protocols and preparing them
for real-world situations. Finally, using
virtual laboratory-based green chemistry
in learning can enhance students'
technology literacy skills, particularly in

information, communication, content
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creation, and safety (Tatli, & Ayas,
2013).

CONCLUSION

Data analysis was conducted using
various techniques such as Sudijono's
media feasibility interpretation scale for
media validation, student questionnaires,
and the System Usability Scale
questionnaire. The participants were
high school students, and the instruments
used were questionnaires and tests to
assess technological literacy. An
Independent-Sample T-Test  was

conducted to determine the effectiveness
of the developed virtual laboratory
media in enhancing students' technology
literacy. The results showed that green
chemistry-based  virtual  laboratory
media enhanced students' technology
literacy. The study is significant in
developing Green Chemistry-based
virtual laboratory learning modules that
enhance the effectiveness and efficiency
of chemistry learning. Using virtual
laboratories based on green chemistry
can significantly enhance students'

digital literacy..

REFERENCES

Afriani, H. (2018). Pengembangan Buku Petunjuk Praktikum Laju Reaksi dan
Kesetimbangan Kimia Berbasis Green Chemistry untuk SMA/MA Kelas XI
Semester 1. Skripsi. Semarang: UIN Walisongo.

Barke, H. D., Harsch, G., & Schmid, S. (2011). Essentials of chemical education. Springer
Science & Business Media.

Cacciatore, K. L., & Sevian, H. (2006). Teaching lab report writing through inquiry: A
green chemistry stoichiometry experiment for general chemistry. Journal of
Chemical Education, 83(7), 1039.

Chang, R., & Kim, H. (2017). Green Chemistry in Education: Towards a Sustainable Future.
Journal of Chemical Education, 94(2), 137-146. doi:
10.1021/acs.jchemed.6b00420

Dennis, A., Wixom, B. H., & Tegarden, D. (2015). Systems analysis and design (6th ed.).
Wiley.

Elisa, A. R., Wiratmaja, I. G. P., Nugraha, M. G., & Dantes, N. (2020). Development of
Virtual Laboratory Media in Chemistry Laboratory Learning in the 21st Century.
Journal of Physics: Conference Series, 1567(3), 032058. doi: 10.1088/1742-
6596/1567/3/032058

Sri Mulyani, et.al,Development of a Virtual Chemistry........... 59



Erlina, Y., Akbar, S., & Rakhmawati, E. (2019). Developing virtual laboratory to improve
senior high school students’ science process skills in chemical reaction rate topic.
Journal of Physics: Conference Series, 1155(1), 012097.
https://doi.org/10.1088/1742-6596/1155/1/012097

Febliza, A., & Oktariani. (2020). Pengembangan Instrumen Literasi Digital Sekolah Siswa
dan Guru. JPK Universitas Riau, 5(1), 1-10.

ferrari, A. (2013). DIGCOMP: A Framework Developing and Understanding Digital
Competence in Europe. Luxembourg: Publications Office of the European Union.

Gilbert, J. K. (2006). On the nature of “context” in chemical education. International journal
of science education, 28(9), 957-976.

Gutierrez, J., Santaolalla, A., Tercjak, A., Rojo, N., Encinas, D., Gomez-de-Balugera, Z., &
Gallastegui, G. (2020). Creating a green chemistry lab: Towards sustainable
resource management and responsible purchasing. Sustainability, 12(21), 8934.

Helaluddin, A. B. M. (2019). Technology Integration in Education: A Review on Pedagogical
Perspectives. Journal of Education and Learning, 8(4), 315-328. doi:
10.5539/jel.v8n4p315

Kemdikbud. (2017). Virtual laboratory chemistry. Ministry of Education and Culture.
http://kimia.kemdikbud.go.id/simulasi/simulasi-kimia-virtual-laboratory/

Kendall, K. E., & Kendall, J. E. (2014). Systems analysis and design (9th ed.). Pearson.

Kirschner, P. A., & Karpinski, A. C. (2010). Facebook and academic performance.
Computers in Human Behavior, 26(6), 1237-1245.

Lancaster, M. (2002). Green Chemistry: An Introductory Text. Cambridge: The Royal
Society of Chemistry.

Lutfi, A. (2017). Pengembangan Laboratorium Virtual Bersarana Komputer untuk Melatih
Berpikir Kritis pada Pembelajaran Asam, Basa, dan Garam. Jurnal Penelitian
Pendidikan Matematika dan Sains Unesa, 1(1), 27-33.

Mayer, R. E. (2009). Multimedia learning (2nd ed.). Cambridge University Press.

Muchson, M., Munzil, Winarni, B., & Agusningtyas, D. (2019). Pengembangan Virtual Lab
Berbasis Android pada Materi Asam Basa untuk Siswa SMA. Jurnal Pembelajaran
Kimia, 4(1), 51-64.

Nada, E. I., & Sari, W. K. (2020). Digital Literacy Analysis of Chemistry Education
Students in Using the Chemdraw Application. JKPK (Jurnal Kimia dan
Pendidikan Kimia), 5(3), 293-299

Nielsen, J. (1993). Usability engineering. Elsevier.

60 PAEDAGOGIA Vol. 26, No. 1, February 2023, page 48-61



Pileggi, V. N., Souza, M. T. S., Pereira, M. G., & Ferreira, A. F. (2020). The effectiveness of
virtual laboratories in science education: A meta-analysis of laboratory outcomes.
Computers & Education, 145, 103725. doi: 10.1016/j.compedu.2019.103725

Putri, R. S., & Yuliati, L. (2021). The Effectiveness of Virtual Laboratory in Chemistry
Education: A Systematic Review. Journal of Turkish Science Education, 18(1), 70-
82. doi: 10.12973/tused.10229a

Rokhim, D., Asrori, M., & H.R., W. (2019). Pengembangan Virtual Laboratory pada
Praktikum Pemisahan Kimia Terintegrasi Telefon Pintar. JKTP, 3(2), 216-226.

Seery, M. K., & McDonnell, C. (2016). Development and validation of virtual laboratory
experiments to teach foundational chemistry concepts. Journal of Chemical
Education, 93(8), 1407-1414.

Sigit, D. W., Kurniawati, D., & Prasetyo, Z. K. (2021). Pengaruh Virtual Laboratory Berbasis
Green Chemistry terhadap Literasi Digital Siswa pada Pembelajaran Kimia. Jurnal
Pendidikan Kimia, 13(1), 31-41.

Shelly, G. B., Rosenblatt, H. J., & Vermaat, M. E. (2012). Systems analysis and design (9th
ed.). Cengage Learning.
Shelly, G. B., Cashman, T. J., & Rosenblatt, H. J. (2012). Systems analysis and
design. Cengage Learning.

Sudijono, A. (2008). Pengantar Evaluasi Pendidikan. Jakarta: PT Raja Grafindo Persada.

Sugiyono. (2013). Metode Penelitian Pendidikan Pendekatan Kuantitatif, Kualitataif, dan
R&D. Bandung: Alfabeta.

Van Dyke, A. R. (2019). Practical Considerations for Advancing Undergraduate Digital
Literacy through Digital Laboratory Notebooks. In Technology Integration in
Chemistry Education and Research (TICER) (pp. 107-118). American Chemical
Society.

Warner, J. C., Cannon, A. S., & Dye, K. M. (2004). Green Chemistry. Environmental Impact
Assesment Review, 24, 775-799.

Tatli, Z., & Ayas, A. (2013). Effect of a virtual chemistry laboratory on students'
achievement. Journal of Educational Technology & Society, 16(1), 159-170.

Tran, V. D., Nguyen, D. D., & Pham, H. T. (2020). The effectiveness of virtual laboratory in
chemistry education: A meta-analysis. Education and Information Technologies,
25(6), 5603-5627. https://doi.org/10.1007/s10639-020-10224-z

Sri Mulyani, et.al,Development of a Virtual Chemistry........... 61



