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Abstract. The utilization of software as a form of digital technology proves ben-
eficial in aiding students to comprehend abstract concepts in chemistry. The ob-
jective of this research is to investigate students’ engagement in using software,
such as simulations and molecular modelling, to support their chemistry educa-
tion. The research participants consisted of 101 students enrolled in the chem-
istry education program for the academic year 2022/2023, representing eight uni-
versities in Indonesia (17 males and 84 females). Data were acquired through
an online survey employing a Google Forms questionnaire. Based on the inves-
tigation results, it was found that the percentage of male’ software knowledge
is slightly higher than female students. All fourth-semester students are knowl-
edgeable about chemistry software. Chemist–Virtual Chem Lab and Chem Draw
emerged as the most frequently accessed software programs by students. The av-
erage utilization of chemistry software by students remains relatively low. The
majority of students do not incorporate these chemistry software tools due to the
fact that the lecturer has never introduced these applications. In conclusion, stu-
dents’ digital technology engagement related to the use of software in chemistry
education is limited. The recommendation and limitation Chemistry lecturers can
optimize the use of software in chemistry learning.
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1 Introduction

Digital technology refers to electronic tools, systems, devices, and electronic resources
that generate, store, or process data [1]. The rapid advancement of information tech-
nology has necessitated educational institutions to prepare future generations capable
of adapting to digital technology. However, expectations regarding the adoption and
implementation of digital technology in educational practices have not been fully real-
ized [2]. There is a strong consensus that digital technology can enhance teaching and
learning by motivating students through engaging, interactive, and enjoyable learning
environments [3,4,5,6].
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The subject matter of chemistry emphasizes abstract concepts related to molecular
modeling and chemical reactions. Researchers have found that technology has a posi-
tive impact on chemistry learning through the visualization of chemical structures and
important chemical reactions [7,8,9,10]. Digital technology also opens up deeper edu-
cational opportunities, providing students with new avenues for learning [6]. Interac-
tive digital tools, such as problem-solving games, modeling software, and 3D printing,
support cognitive development and enable students to understand abstract concepts,
visualize virtual objects, and create tangible artifacts. Engaging in a dynamic digital
environment allows students to see and discuss key concepts from various perspectives.

Numerous studies have been conducted on the use of digital technology in chemistry
learning. Most research employs digital technology in the form of simulations, multime-
dia, and modeling [11]. The research primarily focuses on leveraging digital technology
to enhance students’ learning performance. For instance, the utilization of digital tech-
nology in the form of simulations enhances concept comprehension [12,13,14,15] and
representational skills [16]. Rodrigues investigated factors influencing student engage-
ment in science simulations [17]. Other research relates to molecular modeling used to
improve students’ conceptual understanding [18,19,20], mental models [21], and ex-
plores teachers’ perceptions of molecular modeling usage [22,23].

Research related to the utilization of open-source chemistry learning software (e.g.,
simulations and molecular modeling) by students in chemistry education has not been
extensively explored. Therefore, this study aims to investigate students’ engagement in
using chemistry software, e.g., PhET Simulation, Chemist-Virtual Chem Lab, Chemagic,
ChemDraw, and Molecular Workbench. The open-source software examined in this re-
search includes simulation and molecular modeling software accessible to students, ei-
ther in the form of Android applications or web-based platforms. Open-source software
refers to computer programs and applications whose source code is made available to
the public, allowing anyone to view, modify, and distribute the code. In open-source
software, the source code, which is essentially the set of instructions that make a pro-
gram function, is openly accessible and can be freely used and modified by individuals
or organizations. Based on this objective, the research questions investigated are as fol-
lows:

R.Q. 1: What is the percentage of students who are aware of chemistry software in
terms of gender and semester?

R.Q. 2: To what extent are students engaged in using chemistry software for learning?
R.Q. 3: What are the reasons why students do not use chemistry software?

2 Method

2.1 Research Design

This research employs a cross-sectional survey design in which the researcher gath-
ers data at a one point in time. In a cross-sectional study, it is possible to investigate
contemporary attitudes, beliefs, opinions, or practices. Attitudes, beliefs, and opinions
represent the cognitive aspects of how individuals conceptualize matters, while prac-
tices pertain to their tangible actions [24].

516 A. Febliza et al.



2.2 Participants

The participants in this study were students from the chemistry and chemistry education
programs at eight universities in Indonesia. These universities included four public uni-
versities, two private universities, and two Islamic universities. The participants were
students of the chemistry education programs in the academic year 2022/2023, enrolled
in the 2nd, 3rd, 4th, and 6th semesters. The total number of participants was 101, con-
sisting of 17 males and 84 females. Researchers employed simple random sampling to
select participants. In simple random sampling, individual has an equal probability of
being selected from the population, although equal distribution is not always possible
[25].

2.3 Data Collection

Data was collected through online questionnaires created using Google Forms. Online
questionnaires are a survey instrument for data collection available on the internet and
accessible through computers, tablets, smartphones, or other internet-enabled devices
[24]. Online questionnaires were distributed via WhatsApp to lecturers, who then dis-
tributed them to students. The questionnaire consisted of close-ended questions, where
students were required to select answers from the provided options. Close-ended ques-
tions were chosen to ensure that students’ responses remained focused and to avoid
irrelevant answers. Some questions allowed students the freedom to select more than
one answer option. The research questions, questionnaire questions, and the types of
answer choices provided in the survey questions are presented in Table 1.

2.4 Data Analysis

All data obtained from the answers to the questionnaire were calculated using the per-
centage formula (Formula 1) with the following formula [26]:

Percentage =
Total of respondents’ choice

Maximum Score
×100% (1)

Furthermore, for the data from the second research question, categorization was
conducted based on Table 2. This categorization helps to determine the level of students’
engagement in using open-source software for learning chemistry.

3 Result and Discussion

The research data is presented based on the research questions.

RQ1. What is the percentage of students who are aware of chemistry software in
terms of gender and semester?

The number of students, based on gender, who are familiar with software such as
PhET Simulation, Chemist-Virtual Chem Lab, Chemagic, ChemDraw, and Molecular
Workbench, is presented in Table 3.
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Table 1. Research Questions, Questionnaire Questions, and Answer Choices

Research Question Questionnaire Questions Answer Choices
What is the percentage of
students who are aware of
chemistry software in terms
of gender and semester?

From the list of software below, do
you know of any software for study-
ing chemistry?
• PhET Simulation
• Chemist-Virtual Chem Lab
• Chemagic
• ChemDraw
• Molecular Workbench
Answer options:
• Known
• Unknown

• Students should choose
one option (known or
unknown). The data was
categorized by gender.
• Students can choose
more than one option. The
data was categorized by
semester.

To what extent are students
engaged in using chemistry
software for learning?

From the list of software below,
which ones do you often use for
studying chemistry?
• PhET Simulation
• Chemist-Virtual Chem Lab
• Chemagic
• ChemDraw
• Molecular Workbench

Students can choose more
than one option. The data
was categorized by level of
students’ engagement.

What are the reasons why
students do not use chem-
istry software?

Based on the previous question,
what are your reasons for not using
these software tools to study chem-
istry?
• The lecturer has never introduced
that software
• Lack of motivation to use it
• The lecturer has introduced it, but
I have not explored it further

Students should choose one
option.

Based on Table 3, it can be observed that the percentage of male and female stu-
dents’ knowledge regarding chemistry software (e.g., PhET Simulation, Chemist-Virtual
Chem Lab, Chemagic, Chem Draw, and Molecular Workbench) is slightly different, al-
though the percentage difference is only 1%. Nevertheless, the percentage of males
who are familiar with chemistry software is slightly higher than that of females. This
finding indicates that there is a gender-based difference in knowledge about chem-
istry software. The results of this research are in contrast to some other research find-
ings. Zhitomirsky-Geffet and Blau stated that males exhibit significantly more func-
tional/cognitive information-seeking behavior than females [27]. According to gender
role beliefs, women are expected to have less interest in and lower proficiency in uti-
lizing technology compared to men [28]. Furthermore, some research results on gender
differences in technology knowledge show mixed results. There are situations where
gender differences cannot be distinguished, despite the limited impact of gender on
the intention to embrace new technology [29]. Gender plays a role in the adoption of
technology in the context of using information technology, including computers, email
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Table 2. Level of Students’ Engagement

Percentage Category
x > 75 High

50 ≤ x ≤ 75 Moderate
x < 50 Low

Table 3. Students’ Knowledge About Open-Source Software Based on Gender

Answer Percentage (Male) Percentage (Female)
Known 59% 58%
Unknown 41% 42%

services, electronic data management systems, etc. Men are reported to be more tech-
nologically savvy than women [30,31,32]. Other research results indicate that there is
no gender difference in social media contact, as males and females use social network-
ing sites for distinct purposes. While men mostly use social networks to ”make new
friends,” women primarily use them to ”maintain existing relationships” [33,34].

Furthermore, data analysis regarding students’ knowledge of chemistry software
based on the semester level is presented in Figure 2.

Fig. 1. Students’ knowing about open-source software based on semester

Figure 1 provides information that all students in the 4th semester are aware of
some chemistry software presented (e.g., PhET Simulation, Chemist-Virtual Chem Lab,
Chemagic, ChemDraw, and Molecular Workbench). As many as 82% of 6th-semester
students also demonstrate similar knowledge. Slightly lower than the 4th and 6th semesters,
about three-quarters of 8th-semester students are aware of chemistry software. In con-
trast to the upper semester levels, 2nd-semester students actually exhibit lower knowl-
edge of chemistry software at 38%. This is because 2nd-semester students are newcom-
ers to the university, resulting in a lack of information acquired by students during their
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high school years. Jansen et al, stated that the expectations and readiness of first-year
students affect both their first year at the university and the transition from high school
to college [35]. However, they frequently are unable to identify and address potential
learning behavior deficits on their own, which often negatively impacts students’ suc-
cess and dropout rates that can be attributed to unsatisfactory study experiences. As a
result, problems managing the demands of university study may worsen [36].

RQ2. To what extent are students engaged in using chemistry software for learn-
ing?

Based on the data analysis results regarding students’ engagement in using chem-
istry software, data is obtained as presented in Table 4.

Table 4. Students’ Engagement About Open-Source Software

Name of Software Percentage (%) Category
Phet Simulation 17,9 Low
Chemist-Virtual Chem Lab 34,3 Low
Chemagic 14,9 Low
Chem Draw 37,3 Low
Molecular Workbench 6 Low

From Table 4, it can be seen that students often access the ChemDraw software,
with a percentage of students accessing it being 37.3%, and the Chemist-Virtual Chem
Lab software at 34.3%. Meanwhile, other software such as Phet Simulation, Chemagic,
and Molecular Workbench are used by less than one-fifth of the students. Meanwhile,
the average number of students accessing chemistry software is only 22.08%. This fig-
ure indicates that the percentage of students who frequently access chemistry software
is low. These results suggest that the utilization of digital technology in the learning
process is challenging. This finding is in line with the findings of [2], which state that
the adoption and implementation of digital technology in educational practices have not
been fully realized. Furthermore, specific personal strategies and competencies are nec-
essary, which many students may not necessarily possess, to fully harness the potential
of digital technologies for teaching and learning in higher education [37,38].

RQ3. What are the reasons why students do not use chemistry software?

The survey results regarding the reasons why students do not use chemistry software
in their learning are presented in Figure 2.

Figure 2 shows that the primary reason students do not use chemistry software in
their learning is because ”the lecturer has never introduced that software,” accounting
for nearly three-fifths of the respondents. Meanwhile, almost one-third of the students
cited that the lecturer had introduced the software, but they had not explored it further,
and 9% of the students stated a lack of motivation to use the chemistry software. Ac-
cording to Lee et al, students require guidance on how to effectively utilize technology
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Fig. 2. Students’ knowing about open-source software based on semester

for independent learning [39]. They need to be introduced to digital tools and pro-
cesses for purposeful learning with Information and Communication Technology (ICT)
[40,41,42]. Additionally, students must develop competencies and skills to successfully
learn with technology.

4 Conclusion

Based on the results and discussion, it can be concluded that there are differences in
students’ knowledge of open-source chemistry software, both in terms of gender and
semester. However, the difference in knowledge between male and female students is
very small. Furthermore, students’ engagement in using chemistry software is relatively
low. The majority of students cite ”the lecturer has never introduced that software” as
their reason for not using the software. Effective planning by lecturers is essential when
implementing digital technology in education. This planning may involve the introduc-
tion and guidance on the appropriate use of digital technology in learning. Moreover,
specific personal strategies and competencies are required for students. The findings
of this research can provide information to chemistry educators to optimize the use of
software in chemistry education. This study has limitations, including a limited sample
size of only 101 students, which means that the results cannot be generalized. Future
research with a larger sample size is needed to further explore similar studies.

5 Acknowledgements

Researchers would like to express our heartfelt gratitude to BPPT - Higher Education
Financing Agency - Ministry of Education, Culture, Research, and Technology as well
as LPDP - Educational Fund Management Institution - Ministry of Finance, as the fund-
ing providers for this research.

521Digital Technology in Chemistry Education



References

1. Abdullah, S., Shariff, A.: The effects of inquiry-based computer simulation with cooperative
learning on scientific thinking and conceptual understanding of gas laws. Eurasia Journal
of Mathematics, Science and Technology Education 4(4), 387–398 (2008). DOI 10.12973/
ejmste/75365

2. Adadan, E., Irving, K., Trundle, K.: Impacts of multi-representational instruction on high
school students’ conceptual understandings of the particulate nature of matter. International
Journal of Science Education 31(13), 1743–1775 (2009). DOI 10.1080/09500690802178628

3. Akaygun, S.: Is the oxygen atom static or dynamic? the effect of generating animations on
students’ mental models of atomic structure. Chemistry Education Research and Practice
17(4), 788–807 (2016). DOI 10.1039/c6rp00067c

4. Akaygun, S., Jones, L.: Research-based design and development of a simulation of liq-
uid–vapor equilibrium. Chemistry Education Research and Practice 14(3), 324–344 (2013).
DOI 10.1039/C3RP00002H

5. Aksela, M., Lundell, J.: Computer-based molecular modelling: Finnish school teachers’ ex-
periences and views. Chemistry Education Research and Practice 9(4), 301–308 (2008).
DOI 10.1039/b818464j

6. Barak, M., Hussein-Farraj, R.: Integrating model-based learning and animations for enhanc-
ing students’ understanding of proteins structure and function. Research in Science Educa-
tion 43(2), 619–636 (2013). DOI 10.1007/s11165-012-9280-7

7. Bellou, I., Mikropoulos, T.: Digital technologies: Sustainable innovations for improving
teaching and learning. Digital Technologies: Sustainable Innovations for Improving Teach-
ing and Learning (2018). DOI 10.1007/978-3-319-73417-0. URL https://doi.org/10.1007/
978-3-319-73417-0

8. Commission, E., Media, D.G.t.I.: Survey of schools – ICT in education – Benchmarking
access, use and attitudes to technology in Europe’s schools. Publications Office (2013).
DOI 10.2759/94499. URL https://doi.org/doi/10.2759/94499

9. Creswell, J.: Educational Research. Pearson Education, Inc (2019)
10. Creswell, J., Guetterman, T.: Educational research: Planning, conducting, and evaluating

quantitative and qualitative research (2018)
11. Dori, Y., Kaberman, Z.: Assessing high school chemistry students’ modeling sub-skills in a

computerized molecular modeling learning environment. Instructional Science 40(1), 69–91
(2012). DOI 10.1007/s11251-011-9172-7

12. Febliza, A., Afdal, Z.: Statistika Dasar Penelitian Pendidikan. Adefa Grafika (2015)
13. Ferk, V., Vrtacnik, M., Blejec, A.: Student’s understanding of molecular structure repre-

sentations. International Journal of Science Education 25(10), 1227–1245 (2003). DOI
10.1080/0950069022000038231

14. Fokides, E., Kefallinou, M.: Examining the impact of spherical videos in teaching endan-
gered species/environmental education to primary school students. Journal of Information
Technology Education: Research 19(July), 427–450 (2020). DOI 10.28945/4612

15. Goswami, A., Dutta, S.: Gender differences in schizophrenia: A literature review. Open
Journal of Business and Management 4, 51–59 (2015). DOI 10.4236/ojbm.2016.41006

16. He, J., Lee, F.: Are men more technology-oriented than women? the role of gender on the de-
velopment of general computer self-efficacy of college students. 15th Americas Conference
on Information Systems 2009, AMCIS 8(January 2009), 5546–5557 (2009)

17. He, T., Huang, Q., Yu, X., Li, S.: Exploring students’ digital informal learning: the roles of
digital competence and dtpb factors. Behaviour & Information Technology 40, 1406–1416
(2020)

522 A. Febliza et al.



18. Heindl, M., Nader, M.: Digital technologies in a design and technology lesson and their
influence on a learner’s situationally perceived value of a task when engaged in inquiry-
based learning. Journal of Computers in Mathematics and Science Teaching 37(3), 239–263
(2018)
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