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Abstract History

The development of digital technology in education demands innovations in chemistry Received:
learning, especially in explaining abstract concepts such as molecular structure, chemical October 8,
reactions, and properties of compounds. This research aims to explore the needs of chemistry 2025
education students towards the development of technology-based chemical computing

software. The research method uses a mixed-method approach with an exploratory descriptive

design. The data was obtained through a closed questionnaire on the Likert scale, which was

distributed to 117 students of the Chemistry Education study program from three universities

in Indonesia. Data analysis was carried out using descriptive statistics in the form of frequency,

average, and standard deviation. The results showed that students had a high need for Revised:
interactive 3D molecular visualization features (M = 4.09), integration of materials with January 3,
concept animation (M = 4.09), and interactive exercises (M = 4.06). In addition, simple 2026
reaction simulation features and auto-scoring were also considered important (M = 4.03).

Meanwhile, the aspect of cross-device access (M = 3.76) and the availability of Indonesian

content according to the national curriculum (M = 3.55) received a lower score, although it

remained in the high category. The conclusion of this study emphasizes the importance of

developing chemical computing software that is not only visual, but also educational, adaptive,

and according to the needs of students. The implications of the research results provide

direction for educational technology developers, curriculum designers, and higher education ~ Accepted:
institutions in designing chemistry learning media that are more contextual, inclusive, and February 23,
sustainable. 2026
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1. INTRODUCTION

Chemistry learning in universities is still faced with great challenges in explaining abstract concepts such
as molecular structure and geometry, bond energy, interaction between particles, and chemical reaction
mechanisms (Byusa et al., 2022). Conventional learning media, whether in the form of static images or verbal
explanations, are often insufficient to help students build a deep conceptual understanding (Arsyad et al., 2016).
As aresult, the learning process tends to be memorized and lacks critical, analytical, and creative thinking skills
in solving complex problems. On the other hand, technological developments have presented Computational
Chemistry Software (CCS) such as Gaussian, Avogadro, ChemDraw, and Spartan, which were initially widely
used in the field of research (Allouche, 2012; Lehtola & Karttunen, 2022). CCS is able to model molecular
structures in three dimensions, calculate physicochemical properties, and simulate reaction processes, so that it
can visualize concepts that are difficult to visualize manually (Fombona-Pascual et al., 2022; Kozlikova et al.,
2017). Although it has great potential to help students understand the relationship between theory and real
phenomena, the application of CCS in the classroom is still limited and has not been optimized as an integral
part of the chemistry learning process.
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In the context of education, what is needed is not just information transfer, but deep conceptual
understanding (Indolia et al., 2018). This understanding means that students not only remember facts or
definitions, but are also able to connect interrelated concepts, explain phenomena for scientific reasons, and
apply these concepts in new situations or complex problem solving (Vosniadou, 2019). With this approach,
students are encouraged to develop higher order thinking skills, such as analysis, evaluation, and creation
(Zendler & Greiner, 2020). This kind of deep understanding is also an important foundation for students to adapt
to the ever-changing development of science and technology, as well as prepare them to become lifelong
learners (Retnawati et al., 2018; Schulz & FitzPatrick, 2016).

Meanwhile, studies in the field of chemistry show that many student misconceptions arise due to weak
connections between concepts (Uce & Ceyhan, 2019). Therefore, technology-based learning, including the use
of Computational Chemistry Software (CCS), is seen as effective in reducing the understanding gap.
Visualization of three-dimensional molecules through chemical software can improve students' spatial
understanding and strengthen their ability to reason about reaction mechanisms (Kuit & Osman, 2021; Serhan
et al., 2019). Thus, CCS integration not only supports the achievement of curriculum objectives, but also
strengthens science and technology literacy relevant to the demands of 21st century competencies (Du et al.,
2023). The integration of CCS in learning is in line with the spirit of the Independent Curriculum and the
demands of 21st century competencies that emphasize science literacy, technological literacy, and collaborative
skills. Furthermore, this approach can strengthen inquiry-based learning and problem-based learning, where
students play an active role in building knowledge through data exploration and simulation (Gholam, 2019).

The urgency of this research lies in the lack of exploratory studies on the needs of students for the
development of technology-based chemistry software that is truly in accordance with the learning context in
Indonesian universities. Although some CCS are available, most are commercial, foreign-language, require high
device specifications, and have not adapted to the national curriculum approach and the characteristics of local
students (Eriimit & Sarialioglu, 2025). Preliminary findings from several observations and interviews show that
students need software that is more intuitive, lightweight, interactive, and supports inquiry-based and
collaborative learning. This emphasizes the need for exploratory studies to comprehensively identify user needs
(student needs) as the basis for the development of relevant, adaptive, and sustainable technology-based
chemical computing software.

2. LITERATURE REVIEW
2.1 Deep Conceptual Understanding and the Role of Computational Chemistry Software

Chemistry learning in college inherently faces great challenges due to the abstract, microscopic, and
symbolic characteristics of its concepts (Agustian et al., 2022). Molecular structure, geometry, bond energy,
and reaction mechanisms cannot be observed directly, so students are required to have high representational
skills (Kiernan et al., 2021). While learning is still dominated by static media and verbal explanations, the
learning process often leads to procedural memorization without deep conceptual understanding (Kiernan &
Seery, 2024). This condition has an impact on weak analytical skills and low complex problem-solving skills.
Deep conceptual understanding is the main foundation in the theoretical framework of this research. Deep
understanding not only means knowing definitions, but being able to connect concepts, explain phenomena
scientifically, and transfer knowledge to new situations (Chakravartty, 2023). From a cognitive perspective, this
kind of understanding encourages the development of higher-order thinking skills such as analysis, evaluation,
and creation (Chaojing, 2023).

This perspective is in line with the constructivist view that places students as active builders of knowledge
(Bhattacharjee, 2015). In the context of chemistry, misconceptions often arise due to the inability to integrate
macroscopic, submicroscopic, and symbolic representations simultaneously. Therefore, learning requires media
that is able to bridge the three levels of representation dynamically and interactively (Bhattacharjee, 2015). In
line with these needs, the integration of digital technology in chemistry learning offers opportunities to present
a more comprehensive conceptual representation (Lilian, 2025). Simulation-based media and three-dimensional
visualization allow students to observe the relationship between molecular structure, electron distribution,
energy change, and reaction mechanisms in a more concrete way (Brown et al., 2021). Thus, concepts that were
previously abstract can be represented visually and manipulatively, thus helping students build connections
between levels of representation more systematically.

In this context, chemical computing software acts as a cognitive tool that supports the process of
knowledge construction (Brown et al.,, 2021). Through features such as molecular modeling, geometry
optimization, energy calculation, and reaction dynamics simulation, students not only receive information, but
also actively explore the concepts learned (Alharbi, 2025). This activity encourages the process of reflection
and restructuring of understanding, which is the core of meaningful learning. When students can manipulate
parameters, compare simulation results, and test hypotheses independently, they have an easier time
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understanding cause-and-effect relationships in chemical systems. Furthermore, the use of interactive media
also contributes to reducing misconceptions that often arise due to symbolic interpretations that are separate
from real phenomena (Mukhlis et al., 2026). Dynamic visualization allows students to see how structural
changes affect chemical properties, or how variations in reaction conditions affect the course of the mechanism
(Elmgaddem, 2019). With exploratory and contextual learning experiences, the learning process is no longer
just about memorizing problem-solving procedures, but rather developing deeper scientific reasoning skills.

Technological developments have presented Computational Chemistry Software (CCS) such as Gaussian,
Avogadro, ChemDraw, and Spartan which were initially widely used in computational chemistry research
(Lehtola & Karttunen, 2022). The software allows for three-dimensional molecular visualization, reaction
simulation, as well as accurate calculation of physicochemical properties. In the context of education, CCS has
the potential to be a cognitive tool that helps students build conceptual understanding through exploration and
simulation (Watson, 2022). Software-generated spatial visualization has been proven to improve the reasoning
ability of reaction mechanisms and strengthen the relationship between theory and real phenomena (Gather et
al., 2024). The use of CCS in the classroom has not been fully integrated as part of a systematic pedagogical
strategy. Much software is still complex, research-oriented, and not yet tailored to learning needs. This shows
that the existence of technology alone is not enough; What is needed is an integration that is pedagogically
designed to support deep understanding and development of high-level thinking skills.

2.2 Student Needs Analysis as the Foundation for Developing Technology-Based Chemical Computing

Software

The development of effective learning software must depart from the analysis of the needs of users, in this
case students (Maulana et al., 2025). In higher education, students have different digital characteristics from the
previous generation. They are accustomed to interactive technology, dynamic visualization, and quick access to
information (Ariyatun et al., 2025). However, technological literacy is not always in line with conceptual
literacy. Therefore, the development of technology-based chemical computing software needs to
comprehensively consider the cognitive, technological, pedagogical, and contextual needs of students (Brown
et al., 2021). From the cognitive side, students need media that is able to visualize abstract concepts clearly and
allow direct manipulation of variables. From a technological point of view, the software developed must be
intuitive, lightweight, compatible with student device specifications, and not rely on expensive commercial
licenses (Arkader et al., 2025). Meanwhile, from the pedagogical side, software needs to support inquiry-based
learning and problem-based learning approaches, where students can explore data, test hypotheses, and draw
conclusions independently or collaboratively (Shengqgiang et al., 2025). This approach is in line with the
demands of 21st century competencies that emphasize science literacy, technological literacy, and critical and
creative thinking skills.

In the Indonesian context, most of the available CCS still use foreign languages, are research-oriented,
and are not fully aligned with the national curriculum and characteristics of local students (Raes et al., 2012).
This creates a gap between the potential of technology and the real needs in the classroom. Therefore, an
exploratory study of student needs is a fundamental step in this research. A comprehensive identification of
needs will be the basis for designing chemical computing software that is adaptive, relevant, and sustainable.
Thus, the theoretical framework of this research places the analysis of student needs as the main foundation in
the development of technology-based chemical computing software. The integration between deep conceptual
understanding and needs-based design is expected to be able to produce software that is not only technically
innovative, but also effective in improving the quality of chemistry learning in higher education (Demir &
Kayaoglu, 2022).

In addition, the analysis of student needs not only serves to identify desired technical features, but also to
understand the barriers to use that may arise in implementation in the classroom. Factors such as confidence in
using technology, previous experience with chemical software, and campus infrastructure support are important
variables that affect the effectiveness of software integration (Kiernan et al., 2021). Without a thorough needs
mapping, software development risks not being utilized optimally despite being technically sophisticated.
Furthermore, the needs analysis approach also allows developers to accommodate the diverse learning
preferences of students. Some students may be more helpful with interactive three-dimensional visualizations,
while others may need step-by-step guidance or automated feedback to reinforce procedural understanding (Wu
et al., 2000). By integrating the results of the exploration of these needs, the software design can be designed to
be more flexible and adaptive, for example through structured tutorial features, free exploration modes, and
online collaboration support.
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3. RESEARCH METHOD

3.1. Data Collection Design and Procedures

This study uses a mixed-method approach with a descriptive exploratory design. The quantitative
approach was chosen to obtain an overview of the level of students' needs for features in chemical computing
software, while the qualitative approach was used to explore more deeply the reasons, expectations, and
recommendations of students for the development of the software. With the combination of these two
approaches, the research is expected to be able to provide a more complete picture of user needs. The participants
in this study are 117 students of the Chemistry and Chemistry Education study program from three universities
in Indonesia. The selection of respondents was carried out by purposive sampling technique which considered
active students who had taken at least one basic chemistry course or courses related to chemical computing. The
characteristics of the respondents recorded included gender, the origin of the study program, and the semester
or batch taken.

Table 1. The distribution of response

Variance Frequency Percent Valid Cumulative
Percent Percent
Female 256 53 45.5 45.5 45.5
Male 64 54.5 54.5 100.0
Chemistry 246 71 60.6 60.6 60.6
Education
Chemistry 46 394 394 100.0
1-2 semesters 1.028 57 48.5 48.5 48.5
2-3 semesters 35 30.3 30.3 78.8
4-5 semesters 18 15.2 15.2 93.9
6-7 semesters 4 3.0 3.0 97.0
<7 semesters 3 3.0 3.0 100.0
Total 117 100.00 100.00

Based on Table 1, the respondents were dominated by male students (54.5%), while female students
accounted for 45.5% of the total sample. In terms of study program, the majority of participants were enrolled
in the Chemistry Education program (60.6%), followed by students from the Chemistry program (39.4%).
Regarding academic level, nearly half of the respondents (48.5%) were in the early stages of their studies (1-2
semesters). Students in the 2—3 semester group constituted 30.3% of the sample, while those in the 4-5 semester
group represented 15.2%. Only a small proportion of respondents were in advanced semesters (6—7 semesters
and above), accounting for a combined total of 6.0%. Overall, this distribution indicates that the sample
represents a diverse range of academic backgrounds and study stages, with a stronger representation of early-
to mid-semester students who are actively engaged in foundational chemistry courses relevant to chemical
computing.

Of the total 117 respondents, all participants were included in the quantitative analysis using descriptive
statistics to examine students’ needs for features in chemical computing software. In addition, a qualitative
component was conducted to enrich and contextualize the quantitative findings. A purposive subsample of 12
students was selected from the quantitative respondents to participate in the qualitative phase. The selection
considered variations in study program and semester level to capture diverse perspectives. Qualitative data were
collected through open-ended questionnaire responses and follow-up semi-structured interviews focusing on
students’ experiences, expectations, and recommendations regarding technology-based chemical computing
software. The qualitative data were analyzed thematically and used to support, explain, and elaborate the
quantitative results.

3.2. Data Analysis Techniques

Data from the questionnaire were analyzed using descriptive statistics to see the distribution of frequency,
average, and standard deviation of students' perception of the need for features in the development of
technology-based chemical computing software. This analysis was used to determine the priority level of
features such as interactive 3D molecular visualization, simple reaction simulation, integration of materials with
animations, interactive exercises, automatic assessment features, cross-device access, and the availability of
Indonesian content according to the national curriculum. In addition, a qualitative analysis was carried out
through semi-structured interviews with several selected respondents to explore more deeply the experiences,
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constraints, and expectations of students after participating in software use training. The results of the interviews
were thematically analyzed and revealed that students found visualization and interactive features helpful in
understanding abstract chemistry concepts, but still needed clearer usage guides, simple interface displays, and
support for auto-feedback features to improve independent learning. These qualitative findings complement the
quantitative results by providing an empirical picture of the real needs of students as the basis for the
development of technology-based chemical computing software that is more adaptive and effective.

4. RESULT AND DISCUSSION

4.1. Results of Quantitative Data Analysis

The research instrument is in the form of an online questionnaire consisting of two parts. The first part is
in the form of a closed statement with a four-point Likert scale, ranging from "unnecessary" to "very necessary",
which contains aspects of the need for interactive 3D molecular structure visualization, simple reaction
simulations, integration of materials with animations, interactive exercises, automatic assessment features,
cross-device access, and the availability of Indonesian content that is in line with the national curriculum. The
second part is an open-ended question that allows students to provide input on ideal features, usage constraints,
and suggestions related to the interface and content.

Table 2. Descriptive Statistics Questionnaire

Statement Items N Mean S.td'. Variance
Deviation

The need for interactive 3D molecular structure 117 4.09 .805 .648
visualization

Simple reaction simulation 117 4.03 770 593
Integration of material with animation 117 4.09 765 .585
Interactive exercises 117 4.06 788 621
Auto-scoring feature 117 4.03 770 .593
Cross-device access 117 3.76 708 502
Availability of Indonesian content that is in line 117 3.55 11 506
with the national curriculum

Valid N (listwise) 117

The results of the analysis in Table 2. showed that students urgently needed interactive 3D molecular
visualization features and material integration with animation (M = 4.09), followed by interactive exercises,
simple reaction simulations, and automated assessments (M > 4.00). This confirms that the visualization and
interactivity aspects are top priorities. Meanwhile, cross-device access (M = 3.76) and Indonesian content
according to the curriculum (M = 3.55) were considered important but relatively less dominant. These findings
show that students emphasize the need for interactive and visually understandable learning media. The ethical
aspect of the research is maintained by ensuring that student participation is voluntary, data confidentiality is
guaranteed, and personal identity is not included in the report. All data is stored on password-protected
institutional storage media and is only accessed by the research team. However, this study has limitations in
non-probability sampling techniques so that the generalization of findings needs to be done carefully, as well as
the potential for perception bias because the instrument is self-reported.

The results of the frequency distribution in Figure 1 show that the majority of students consider the
interactive 3D molecular structure visualization feature to be very important, with 71.8% of respondents
choosing the category of very necessary and only 1.7% stating that it is not necessary. These findings show the
urgency of developing media that is able to present molecular concepts in a more real and interactive way. A
similar pattern was seen in the indicators of material integration with concept animation (70.1% very necessary)
and interactive exercises (67.5% very necessary), which indicated that students expected software to not only
present information, but also facilitate understanding through dynamic visualization and self-study activities.
The simple reaction simulation feature also received high appreciation, where 64.9% of students considered it
very necessary. This confirms the need for students to be able to see the representation of chemical processes
directly even in the form of simple simulations. Similarly, the automated assessment feature was considered
important by 66.7% of students, indicating an expectation for instant feedback as part of the learning evaluation
process.
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Figure 1. Distribution of Frequency of Student Questionnaires

In contrast to the previous indicator, cross-device accessibility and availability of Indonesian-language
content obtained a lower proportion of essential content, 49.6% and 41.0%, respectively. Despite this, more
than 85% of respondents still put both in the category of necessary to very necessary, so this aspect remains
relevant to pay attention to. These results show that students' top priorities are features that support conceptual
understanding and interactivity, while technical aspects such as accessibility and language are considered
important but not the most urgent needs.

4.2. Qualitative Data Results

The results of interviews with several respondents who participated in the training on the use of chemical
computing software showed a number of important findings related to students' perceptions, experiences, and
needs for technology-based software development. Most students state that the use of software helps them
understand abstract chemical concepts, especially on the topic of molecular structure and geometry. 3D
molecular visualization is considered very helpful in depicting atomic orientation and chemical bonds in real
life. In summary, the analysis of the interview data findings is presented in Table 3.

Table 3. Analysis of student needs based on interview results

Indicator Description of Data Findings
The need for interactive 3D Students consider the 3D molecular visualization feature to be very important
molecular structure for understanding the shape, orientation, and binding between tomes. They
visualization find it easier to visualize abstract concepts such as hybridization, molecular

geometry, and interparticle interactions through a three-dimensional display
that can be rotated and magnified.

Simple reaction simulation =~ Respondents expect a simple chemical reaction simulation feature that can
show energy changes, bond formation and breaking, and reaction direction.
This feature is considered to be able to bridge the understanding between
reaction theory and experimental phenomena

Integration of material with ~ Students want theoretical material that is complemented by visual animation

animation to make difficult concepts such as reaction mechanisms or molecular
dynamics easier to understand. Animation is considered more interesting and
helpful in independent learning.

Interactive exercises Most respondents proposed simulation-based exercises that could test
understanding directly. Students feel that interactive exercises can increase
engagement, motivation to learn, and help them assess the extent of their
understanding.

Auto-scoring feature It is hoped that there will be an automatic assessment system that provides
auto-feedback after the exercise or quiz is completed. This feature is
considered to help students learn independently without always having to
wait for evaluation from lecturers.
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Indicator Description of Data Findings

Cross-device access Students emphasized the importance of software that can be accessed through
various devices (laptops, tablets, and mobile phones). This ease of access
allows learning to be done anywhere without depending on a computer lab.

Availability of Indonesian ~ Almost all respondents highlighted the need for an easy-to-understand

content that is in line with language of instruction and the suitability of the content with the national

the national curriculum curriculum. They hope that the software can use chemical terms that are in
accordance with national standards to be more contextual for Indonesian
students.

The results of the interviews showed that students needed chemical computing software that could
provide interactive 3D visualizations, simple reaction simulations, and automated feedback-based exercises to
help understand abstract concepts in chemistry. The three-dimensional visualization feature is considered
important because it makes it easier for students to imagine the structure and geometry of molecules, in line
with the theory of dual coding and multimedia learning that emphasizes the role of visuals in building conceptual
understanding (Mayer, 2024). Students also assessed that reaction simulations can strengthen the relationship
between theory and real phenomena as described by Gilbert & Treagust (2009) (Bilgin et al., 2017; M. M. W.
Cheng & Gilbert, 2017; Mayer, 2024). In addition, the need for interactive exercises and auto-feedback shows
the importance of independent learning according to the theory of self-regulated learning (Supiyanti, 2022).
Other findings indicate the need for cross-device access to make learning more flexible and Indonesian-language
content that is in line with the national curriculum to be more contextual. Overall, these results support previous
research that the development of technology-based computing media needs to be designed with a user-centered
approach that integrates pedagogical, visual, and contextual aspects to improve students' conceptual
understanding and technological literacy in the 21st century (Muthmainnah et al., 2022; Panda, 2024).

The results of the study show that chemistry education students place visualization of interactive 3D
molecular structures as a major need in the development of chemical computing software. This is in line with
previous findings that visual representation can reduce the level of abstraction in chemistry learning, making it
easier for students to understand the relationship between molecular structure and the chemical properties it
derives from (Muthmainnah et al., 2022; Panda, 2024). Three-dimensional visualization also allows students to
build a more powerful mental model than just two-dimensional text or images (Wainman et al., 2018). In
addition to visualization, students also show a high need for the integration of materials with concept animations,
interactive exercises, and simple reaction simulations. These features underscore the importance of technology-
based learning approaches that are interactive and student-centered. As revealed by Maulana et al., (2025) the
use of interactive multimedia can improve knowledge retention and transfer because it involves visual and
verbal channels simultaneously. Thus, chemical computing software not only serves as a visualization tool, but
also as an active learning medium that allows students to learn through simulated experiences.

Furthermore, the need for an automated assessment feature indicates that students expect instant feedback
in the learning process. Automatic assessments not only function to measure learning outcomes, but also as a
means of reflection that encourages students to improve themselves independently (G. Cheng, 2017). Thus, this
feature can support independent learning and strengthen student learning motivation (Ho et al., 2019; Stuart &
Sutrisno, 2022). On the other hand, although cross-device access and the availability of Indonesian content
scored lower than other indicators, both were still considered important. This can be understood because
students need flexibility in accessing software anytime and anywhere, and want materials that are in accordance
with the context of the national curriculum. Research by Gombert et al., (2024) confirms that the accessibility
and relevance aspects of content have a great influence on the sustainability of the use of technology in learning.

This research makes an important contribution in the field of chemistry education by presenting an
empirical picture of students' needs for the development of technology-based chemical computing software
(Kabudi et al., 2021; Rincon-Flores et al., 2024). The main finding of this study is the high need for students to
feature interactive 3D molecule visualization, concept animation, and interactive exercises accompanied by
automatic feedback (Abdo et al., 2024; Hoai et al., 2023). This emphasizes that students not only need
technology-based learning media that are informative, but also educational, adaptive, and interactive, so that
they can improve conceptual understanding and scientific thinking skills (Honke & Becker-Genschow, 2025;
Ipinnaiye & Risquez, 2024). The implications of these findings are particularly relevant for educational
technology developers, curriculum designers, and higher education institutions. For developers, the results of
the research can be used as a guide in designing software that suits the real needs of users, including paying
attention to aspects of cross-device accessibility and the availability of content in Indonesian. For curriculum
designers, these findings provide direction to integrate technology-based media in chemistry learning to be more
contextual and in accordance with student characteristics. Meanwhile, for universities, this research emphasizes
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the importance of institutional support in providing digital means that support innovative, inclusive, and
sustainable learning processes.

Despite its contributions, this study has several limitations that should be acknowledged. First, the study
relied on self-reported data obtained through questionnaires and interviews, which may be influenced by
respondents’ subjective perceptions and potential response bias. Second, although the quantitative sample
involved students from three universities, the use of purposive sampling limits the generalizability of the
findings to broader populations of chemistry students in different institutional or regional contexts. Third, this
research focused on identifying perceived needs rather than evaluating the actual effectiveness of existing
chemical computing software, so causal conclusions regarding learning outcomes cannot be drawn. In addition,
the qualitative component involved a limited number of participants, which, while appropriate for an exploratory
study, may not fully capture the diversity of student experiences.

Nevertheless, the findings of this study offer important implications for future research and practice. From
aresearch perspective, the results provide a foundation for subsequent design-based or experimental studies that
examine the impact of technology-based chemical computing software on students’ conceptual understanding,
problem-solving skills, and learning motivation. Future studies are encouraged to involve larger and more
diverse samples, apply more advanced statistical analyses, and integrate learning analytics to strengthen
empirical evidence. From a practical perspective, the identified priority features such as interactive 3D
visualization, concept animation, interactive exercises, and automated feedback can serve as concrete design
guidelines for developers and educators in developing contextually relevant, accessible, and student-centered
chemical computing software. These implications highlight the potential of needs-based software development
to support more effective and sustainable chemistry learning in higher education.

5. CONCLUSION

This study shows that chemistry education students have a high need for the development of technology-
based chemical computing software, especially in the interactive 3D molecular structure visualization feature,
integration of materials with concept animation, and interactive exercises equipped with automatic assessment
features. These results confirm that the aspects of visualization and interactivity are the main priorities in
supporting the understanding of abstract chemical concepts. In addition, although the need for cross-device
access and the availability of Indonesian content according to the national curriculum are relatively low, both
are still considered important in supporting learning effectiveness. These findings show that the chemical
computing software developed should not only focus on visual appearance, but also be educational, adaptive,
contextual, and according to user needs. Thus, the implications of this study emphasize the need for
collaboration between educational technology developers, curriculum designers, and higher education
institutions in designing innovative, inclusive, and sustainable technology-based chemistry learning media, so
as to strengthen the quality of publications and the quality of science education in Indonesia.
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