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Abstract

This study aimed to develop and implement Chemidia, a web-based application designed to support remote and blended
chemistry practicums in high school settings. It focused on the application’s features, its impact on student preparedness,
and student perceptions of its effectiveness. Using a Design-Based Research (DBR) approach, Chemidia was developed
through iterative phases: needs analysis, design, testing, and implementation. The platform includes four core features:
Chemical Inventory Management, Safety Protocol Access, Chemistry Experiment Modules, and Self-Directed Learning
Tasks. Implementation involved 89 students in a blended learning environment, with data collected through surveys,
interviews, and observations. Survey results showed significant improvements in students’ practicum preparedness (mean
increased from 3.1 to 4.2), understanding of safety protocols (3.3 to 4.4), and confidence in conducting experiments (2.9 to
4.1). Over 82% of students strongly agreed that Chemidia improved their understanding. TAM-based evaluations indicated
high perceived usefulness and ease of use. Qualitative feedback reinforced these findings, highlighting enhanced student
autonomy, clarity, and engagement. Chemidia effectively supports chemistry practicum learning in hybrid environments by
improving student readiness, self-efficacy, and instructional continuity. This study presents Chemidia as a scalable model
for integrating digital tools into science education. It offers practical insights for educators and developers aiming to
enhance laboratory learning through blended or remote delivery formats.
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1. Introduction

The advancement of digital technologies has significantly transformed various facets of education, notably the delivery
of practical science learning. In chemistry education, laboratory practicums are essential for cultivating students’
conceptual understanding and experimental skills [1, 2]. However, the recent shift towards remote and blended learning
modalities, accelerated by global events such as the COVID-19 pandemic, has posed substantial challenges in maintaining
the quality and continuity of laboratory experiences [3].

Traditional laboratory activities heavily depend on physical presence and hands-on manipulation of chemicals and
instruments, aspects that are challenging to replicate fully in online or hybrid settings. To address these challenges,
educators and researchers have explored digital solutions that support the management and delivery of chemistry
practicums remotely while fostering students’ independent learning and safety awareness [4, 5].

Virtual laboratories have emerged as a viable alternative, offering interactive simulations that allow students to
conduct experiments in a controlled, digital environment [6]. Studies have shown that virtual chemistry laboratory software
can be as effective as real laboratories in facilitating constructivist learning environments, enabling students to conduct
experiments safely and relate them to real-life contexts [7-9]. These virtual labs not only bridge the gap between theoretical
knowledge and practical application but also enhance students' engagement and understanding of complex chemical
concepts [10].

Furthermore, the integration of virtual laboratories into blended learning environments has been found to improve
students' laboratory educational awareness and skills. By providing dynamic, interactive learning opportunities, virtual labs
cater to various educational needs and contexts, thereby enriching the overall learning experience [11, 12].

In addition to virtual laboratories, digital laboratory management systems have been developed to assist in the efficient
management of chemicals and laboratory equipment [13]. These systems facilitate inventory management, access to safety
protocols, and the organization of online experiment modules, thereby streamlining laboratory operations and ensuring
safety compliance [14].

The development of students' self-directed learning skills is also a crucial focus in chemistry practicum education.
Research indicates that integrating online learning modules that support students' practical skills can enhance their
readiness and confidence in conducting chemistry experiments [15, 16]. For example, online modules that provide
experiment instructions, safety guidelines, and self-practice exercises have been shown to improve students' understanding
and practical skills in conducting chemistry practicums [17, 18].

Despite the availability of various digital solutions, there remains a need for an integrated support system for chemistry
practicums that not only provides experiment simulations but also includes chemical inventory management, safety
training, and the development of students' self-directed skills within a single, easily accessible platform [19]. Chemidia,
short for Chemistry Information and Digital Integrated Application, is designed to meet this need by offering features that
effectively and efficiently support the implementation of online and blended chemistry practicums.

Chemidia is a web-based application specifically developed to assist high school students in conducting chemistry
practicums within a blended learning framework. The application integrates key features such as:

o Digital Inventory Management: Allows students and educators to track and manage chemical inventories efficiently.

e Access to Safety Protocols: Provides comprehensive safety guidelines to ensure safe conduct during experiments.

e Chemistry Experiment Modules: Offers interactive modules that simulate real-life chemistry experiments, enabling
students to engage in practical activities remotely.

e Self-Directed Learning Tasks: Includes assignments and exercises aimed at developing students' independent
practical skills.

Unlike conventional laboratory information systems that primarily focus on laboratory management by staff, Chemidia
centers on student engagement and readiness. It provides structured guidance and resources to facilitate effective practicum
activities outside the traditional lab environment.

Based on the background and identified needs, this study focuses on the development and implementation of the
Chemidia web application as a support system for distance chemistry practicum. This study aims to design, develop, and
evaluate the Chemidia web application as an innovative digital platform to support chemistry education in high schools.
The research questions posed are as follows:

1. How can the Chemidia web application be designed and developed to include features such as chemical inventory
management, safety protocols, chemistry experiment modules, and the development of students' self-directed skills?

2. How does the implementation of the Chemidia application in the context of blended chemistry learning in high
schools enhance students' preparedness for conducting online chemistry practicums?

3. What are students' perceptions of the effectiveness of the Chemidia application in supporting distance chemistry
practicum learning, particularly in terms of engagement, understanding, and the development of practical skills?

The study aims to contribute to the advancement of digital educational tools tailored for chemistry laboratory
management and learning, promoting safer, more accessible, and skill-oriented chemistry education in high schools.

2. Materials and Methods
2.1. Research Design

This study employs a Design-Based Research (DBR) approach, which involves iterative cycles of design,
development, testing, and refinement. DBR is well-suited for educational technology research, as it allows for the
development of practical solutions while simultaneously contributing to theoretical understanding [20].
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Figure 1.
The four phases of design-based research are experienced in an iterative cycle.

2.2. Research Subjects and Location

The study’s participants consist of 11th-grade students from three senior high schools in Jakarta that have implemented
blended learning models. These schools were selected based on the availability of digital infrastructure and the readiness of
teachers to integrate technology into chemistry practicum instruction. Blended learning, which combines traditional face-
to-face instruction with online learning components, has been shown to enhance student engagement and learning outcomes
when effectively implemented.

2.3. Data Collection and Analysis

Data were collected through questionnaires, interviews, and observations.

e Questionnaires: Administered to students to assess their perceptions of the Chemidia application's features and its
impact on their preparedness for practicums.

o Interviews: Conducted with chemistry teachers and laboratory technicians to gather feedback on the implementation
process and the application's effectiveness.

e Observations: Performed during both online and face-to-face practicum sessions to monitor the usage of the
application and its integration into the learning process.

Quantitative data from the questionnaires were analyzed using descriptive statistics to calculate the percentage of
positive responses regarding the application's features. Qualitative data from interviews and observations were analyzed
thematically to identify key themes related to the application's effectiveness and the challenges encountered during its
implementation.

3. Findings

This study aimed to develop and implement Chemidia, a web-based application designed to support remote and
blended chemistry practicums in high school settings. The research focused on three key questions: the design and
development of Chemidia's features, its impact on students' preparedness for online chemistry practicums, and students'
perceptions of its effectiveness. The findings are organized to address each of these questions, providing insights into the
application's functionality, its educational impact, user feedback, and areas for improvement.

3.1. Design and Development of the Chemidia Web Application

The Chemidia web application was developed using a Design-Based Research (DBR) approach, which involves
iterative cycles of design, implementation, analysis, and refinement to create practical educational solutions. This
methodology ensures that the application is grounded in both theory and practice, allowing for continuous improvement
based on user feedback and observed outcomes. The Chemidia web application was designed and developed as an
integrated digital platform to support high school chemistry practicums in blended learning environments. As illustrated in
the feature framework in Figure 2, Chemidia incorporates four main functional components: chemical inventory
management, safety protocol access, chemistry experiment modules, and self-directed learning tasks.
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Figure 2.
Feature framework diagram of Chemidia.

The Chemical Inventory Management feature allows users to organize the procurement, usage, and maintenance of
laboratory equipment and chemicals, ensuring up-to-date inventory records and supporting practical readiness. The Safety
Protocol Access feature provides students with easy access to laboratory safety guidelines and rules, which are essential for
promoting safe laboratory practices, particularly in remote settings. To support practical engagement, Chemidia includes
Chemistry Experiment Modules that cover three types of experiment delivery modes: remote experiments, real-life (hands-
on) experiments, and virtual simulations. This flexible structure enables students to participate in various practicum
activities depending on available resources and learning conditions. Additionally, the platform promotes independent
learning through the Self-Directed Learning Tasks feature, which consists of structured assignments, independent practice,
and self-evaluation components. These tasks are designed to foster student autonomy, enhance skill mastery, and support
continuous reflection throughout the practicum process. Together, these features make Chemidia a comprehensive and
student-centered tool that addresses both logistical and pedagogical challenges in conducting chemistry practicums
remotely.

The results of the design and development phase are visually represented in the user interface of Chemidia (see Figure
3). The main landing page emphasizes the system's role as a modern laboratory platform that offers an effective
management solution for progressive learning, reflecting its educational purpose. The login interface provides secure access
to the system, reinforcing the platform’s professional and school-based orientation. These visuals confirm that Chemidia
was not only technically functional but also pedagogically aligned and user-friendly for both students and educators in a
school setting.

Chemidia: An Effective
Management Solution
for Progressive

Learning

Chemidia is specifically designed for schools as a more effective chemistry laboratory
management solution, and supports more progressive chemistry learning.

Read More in Now

Figure 3.
The main landing page and the user login page.

Chemidia was developed to address various needs in the management of school chemistry laboratories, focusing on
three categories of users: laboratory managers, chemistry teachers, and students. Laboratory manager accounts are
primarily responsible for organizing and managing the inventory of laboratory equipment and chemicals, making them the
dominant users of the Chemical Inventory Management feature on the Chemidia platform. Meanwhile, chemistry teachers
have access to all available features but have different roles and responsibilities compared to laboratory managers.
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Chemistry teachers mainly utilize the Safety Protocol Access and Chemistry Experiment Modules features. Students, on the
other hand, are directed to use the Chemistry Experiment Modules and Self-Directed Learning Tasks features as part of the
learning process. This paper focuses on discussing the benefits of the Safety Protocol Access, Chemistry Experiment
Modules, and Self-Directed Learning Tasks features in supporting students' distance learning.

3.2. Implementation of Chemidia in Blended Chemistry Learning

The implementation of the Chemidia web application in a blended learning setting showed significant promise in
enhancing students’ preparedness for conducting online chemistry practicums. The integration of Chemidia with
conventional classroom instruction enabled a more seamless transition between physical and digital lab environments.
Through its structured digital features, including experiment modules, safety protocol access, and inventory visualization,
Chemidia helped students engage in practicum activities with greater independence and clarity. The blended learning
environment, which combines face-to-face instruction with digital resources, allowed students to revisit materials and
instructions at their own pace, enhancing both flexibility and comprehension.

Quantitative data collected from a pre- and post-implementation survey (n = 89 students) support these outcomes. The
results showed measurable improvements across several key indicators. As shown in Table 1, the mean score for students'
preparedness for practicum increased from 3.1 to 4.2 on a 5-point Likert scale. Understanding of safety protocols improved
from 3.3 to 4.4, indicating enhanced awareness after using the platform. Confidence in conducting experiments, either
virtually or in person, rose from 2.9 to 4.1, reflecting a significant gain in students’ self-efficacy. Additionally, more than
82% of students strongly agreed that Chemidia helped them better understand experimental procedures.

Table 1.
Pre-Post Implementation Survey.
Indicators Pre Post Interpretation
Preparedness for Practicum 3.1 4.2 Significant improvement in students’
readiness
Understanding of Safety Protocols 3.3 4.4 Increased awareness of lab safety
procedures
Confidence in Conducting Experiments 2.9 4.1 Higher self-efficacy in carrying out
practical tasks
Agreement that Chemidia Enhances - 82% Strongly Agree | Strong positive student perception of
Understanding learning support

Qualitative data collected through interviews and classroom observations further support these results. Students
expressed that Chemidia helped them better understand what was expected during experiments and increased their
confidence in following procedures. A student noted, “Before, I was always unsure about how to prepare for the lab. But
now, | just open Chemidia and everything is there, from steps to safety tips.”

Teachers echoed this sentiment, emphasizing how the platform streamlined lesson planning and ensured students came
to class with prior exposure to the experimental objectives. One chemistry teacher explained, “Chemidia doesn’t just store
resources; it prepares students mentally. They walk into the lab already familiar with what they need to do.”

Classroom observations confirmed that students frequently referred to the platform during experiments, followed
safety protocols more diligently, and required less direct guidance from the teacher. This indicated increased autonomy and
preparedness.

The alignment between the numerical survey data and narrative feedback from interviews and observations reveals the
holistic impact of Chemidia. While quantitative results point to improvements in preparedness, understanding, and
engagement, qualitative data illustrate how these improvements manifest in real classroom behavior and teaching
dynamics. Chemidia not only equips students with digital content but also cultivates confidence, self-direction, and safety-
mindedness, which are core competencies for effective science learning in blended environments.

Table 2.
Student Perceptions of Chemidia’s Effectiveness Based on TAM Constructs.
TAM Construct Survey Item Mean Score | % Agree
Perceived Usefulness (PU) Chemidia helps me understand chemistry 4.2 83%
experiments better.
Chemidia increases my interest and engagement in 4.3 85%
practical chemistry.
Perceived Ease of Use (PEOU) Chemidia is easy to navigate and use. 4.4 88%
I can access the experiment modules and safety 4.3 86%
information without trouble.
Attitude Toward Use I would like to use Chemidia again in future 45 89%
practicums.
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3.3. Student Perception of Chemidia’s Effectiveness

To evaluate student perceptions of Chemidia’s effectiveness, this study employed constructs from the Technology
Acceptance Model (TAM), which include Perceived Usefulness (PU) and Perceived Ease of Use (PEOU) as predictors of
technology adoption and user satisfaction [21]. These constructs were integrated into the post-implementation survey and
used to guide qualitative interview protocols. The findings in Table 2 suggest that students find Chemidia both useful and
easy to use, which in turn supports a positive attitude toward continued use of the platform. Interviews and classroom
observations also reinforced TAM constructs. Students described Chemidia as a helpful tool that reduced cognitive load
and increased learning autonomy.

Chemidia provides clear instructions and visuals:

When | was doing the virtual practicum, | felt more independent. The step-by-step instructions and visuals were very
clear, so I didn’t have to constantly ask the teacher what to do. It made me more confident to try things on my own. —
Student 23, from School A.

Chemidia helps students become more prepared:

It is very helpful to review the modules at home before the actual lab; it makes me feel prepared. I usually feel nervous
before lab activities, but with Chemidia, | could review the material in advance. The modules helped me understand what
to expect during the lab. When the actual lab arrived, | already knew what to do, which made me feel more prepared and
less anxious — Student 45, from School B.

Chemidia makes the experiments easier to understand:

Compared to printed handouts, this is much easier to follow and more engaging. | find printed instructions boring and
sometimes confusing. Chemidia made the experiments easier to understand with interactive features. It was actually fun to
use, so | paid more attention and remembered the steps better. — Student 77, from School C.

Teachers also observed that students arrived at class better prepared and were more confident during experiments.
These observations align with students’ self-reported perceptions of ease and usefulness. Measured through the TAM
framework, the findings suggest that Chemidia demonstrates strong perceived usefulness and ease of use, which are key
predictors of user satisfaction and sustained adoption. The alignment between survey data and qualitative insights indicates
that Chemidia meets students’ learning needs in both digital and physical lab environments. The model helps explain why
students were not only willing to use the platform but also felt empowered and more autonomous in their learning
processes.

4. Discussion

The Chemidia Web Application significantly enhances the effectiveness of blended chemistry learning by providing
flexible and accessible learning opportunities beyond the traditional classroom setting. Through its online platform,
students and teachers can access educational resources, safety protocols, and laboratory management tools anytime and
anywhere, supporting self-paced study and preparation prior to hands-on, virtual, and/or remote laboratory sessions.
Chemidia incorporates interactive multimedia elements such as videos, animations, and simulations, which make complex
chemistry concepts more tangible and engaging, thereby improving students’ conceptual understanding and motivation
[18]. In addition to facilitating theoretical learning, Chemidia supports efficient laboratory management by enabling
inventory tracking and safety compliance, ensuring a safer and more organized environment for practical activities [22].
The application promotes personalized learning through online assessments and progress tracking, allowing students to
focus on areas needing improvement while enabling teachers to monitor individual progress effectively [23].
Communication and collaboration tools within Chemidia further enrich the learning experience by encouraging peer
interaction and teacher support beyond classroom hours, which are critical for maintaining engagement in blended learning
environments [24]. By integrating theory with practice on one platform, Chemidia bridges the gap between conceptual
knowledge and laboratory application, reinforcing learning in a meaningful way [25].

Moreover, Chemidia supported independent and self-directed learning by offering accessible resources and assessment
tools that students could use at their own pace. In a hybrid setting, where face-to-face contact is partially replaced or
supplemented with online learning, this autonomy is essential. Students could revisit complex concepts through multimedia
content and practice quizzes, enabling reinforcement of knowledge without depending solely on teacher-led instruction [26,
27]. This fosters deeper conceptual understanding and promotes lifelong learning habits.

Self-directed learning (SDL) refers to a process in which learners take the initiative, with or without the assistance of
others, to diagnose their learning needs, set learning goals, identify resources, choose and implement appropriate learning
strategies, and evaluate learning outcomes [28]. In SDL, learners assume responsibility for their own learning, making it a
crucial component of 21st-century education that fosters autonomy, critical thinking, problem-solving, and lifelong learning
skills.
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Figure 4.

Chemidia-Integrated Framework for Competency-Oriented Experimental Learning.

In the context of science education, particularly chemistry, self-directed learning empowers students to explore
scientific phenomena, engage with experimental procedures, and construct conceptual understanding at their own pace.
However, effective implementation of SDL in laboratory-based subjects often requires structured digital environments that
provide both guidance and flexibility [29].

Chemidia, a web-based digital chemistry laboratory system, is designed to facilitate self-directed learning by
integrating key features that support competency achievement (Figure 4). The platform includes interactive experiments,
structured virtual tasks, and formative assessments that guide students through the learning process without limiting their
independence. For example, in the self-directed learning task interface, students are provided with a series of guided
activities, including pretests, virtual experiments, and posttests, allowing them to monitor their own progress and deepen
their understanding of chemical concepts such as acidity and basicity. Moreover, Chemidia offers flexible access to
practicum materials, quizzes, and literacy tasks, enabling learners to revisit content, reflect on results, and engage in
exploratory learning outside of formal classroom hours. The inclusion of features such as experiment simulations and
contextual problem-solving activities fosters inquiry-based learning, which is central to SDL. Teachers also benefit from
the platform’s management tools that allow them to assign tasks, monitor student performance, and provide timely
feedback, further promoting learner agency and self-regulation. By bridging the gap between teacher guidance and student
autonomy, Chemidia exemplifies how digital tools can transform traditional laboratory education into an environment that
nurtures self-directed, active, and reflective learners.

Despite its advantages, implementing Chemidia within blended chemistry learning presents challenges that must be
addressed to maximize its effectiveness. First, digital literacy varies among students and teachers, which can limit the
effective use of the platform [30, 31]. Adequate training and ongoing technical support are necessary to ensure all users can
navigate and utilize Chemidia’s features effectively. Additionally, unequal internet access or connectivity issues, especially
in rural or under-resourced areas, may hinder the seamless use of the web application [32-34]. Infrastructure improvements
and offline-accessible resources can help mitigate this barrier. Third, some users may resist adopting new technology due to
comfort with traditional methods or fear of increased workload [35, 36]. Therefore, building user awareness of the benefits,
providing clear guidelines, and integrating Chemidia gradually into existing curricula are recommended strategies. Finally,
continuous evaluation and feedback mechanisms should be established to refine Chemidia’s functionalities based on user
experiences and educational outcomes. By addressing these challenges with targeted recommendations, Chemidia can
fulfill its potential as an effective tool for blended chemistry education.

5. Conclusion

The development and implementation of CHEMIDIA as a digital support system for distance and blended chemistry
practicums in high schools has demonstrated significant potential in improving both the quality and accessibility of
chemistry learning. By integrating theoretical content, interactive experiment modules, safety protocols, inventory
management tools, and self-directed learning features into a single web-based platform, CHEMIDIA fosters a more
flexible, student-centered approach to laboratory instruction in hybrid settings. Students benefit from increased autonomy,
clearer procedural guidance, and opportunities for repeated practice, while teachers are supported through streamlined
oversight and enhanced monitoring of student progress. These results confirm that digital practicum tools can meaningfully
enhance the delivery of science education beyond traditional lab environments.
5.1 Implications

The findings suggest that CHEMIDIA can serve as a scalable and adaptive model for integrating laboratory
experiences into remote and blended learning curricula. It provides practical benefits for schools seeking to modernize
science instruction, particularly in contexts where physical lab access is limited. The platform also contributes to
pedagogical innovation by promoting self-directed learning, safety awareness, and digital competence among students. For
educators and school administrators, CHEMIDIA offers a structured solution for improving practicum readiness and
instructional continuity.
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5.2 Limitations

Despite its strengths, several limitations were identified during the study. Variability in students’ digital literacy,
differences in internet access, and teachers' readiness to adopt new digital tools affected the consistency of implementation
across schools. Additionally, the evaluation was limited to a specific regional context and focused mainly on students’
perspectives, leaving out a deeper analysis of long-term learning outcomes.
5.3 Future Research

Future studies should explore the longitudinal effects of using CHEMIDIA on students’ conceptual understanding,
laboratory competence, and academic achievement. Further research could also examine teacher experiences, institutional
adoption processes, and cross-school comparisons to assess the model's adaptability in diverse educational environments.
Expanding the application to include collaborative experiment design, Al-supported feedback, or mobile accessibility may
also enhance its impact and usability in broader contexts.
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