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ABSTRACT 
This study aims to examine the feasibility and practicality of a science virtual laboratory oriented towards Higher 
Order Thinking Skills (HOTS) using Articulate Storyline. The research employed a Design and Development 
Research (DDR) approach based on the ADDIE model, comprising the stages of Analysis, Design, Development, 
Implementation, and Evaluation. Data were collected using validation questionnaires completed by six experts in 
content and media, along with user responses from 37 pre-service science teachers. The results were analyzed 
descriptively to determine the feasibility and practicality categories of the developed product. Content expert 
evaluations yielded average scores of 3.78 for presentation, 3.83 for content quality, 3.70 for language use, and 4.00 
for HOTS orientation, all categorized as valid. Media expert evaluations resulted in average scores of 3.73 for 
software engineering, 3.83 for instructional design, 3.67 for visual communication, and 3.56 for virtual laboratory 
components, all falling within the valid and usable range. Meanwhile, user responses indicated a practicality 
percentage of 87.79%, categorized as very practical. The structured practical activities and post-practice evaluation 
tasks provided within the virtual laboratory effectively contributed to enhancing the Higher Order Thinking Skills of 
pre-service science teachers. 
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INTRODUCTION 

The 21st century marks an era of rapid and transformative advancement across diverse 
sectors, including education, technology, communication, information, economics, and 
transportation. In this dynamic landscape, the ability to adapt, innovate, and think critically is no 
longer optional but essential. Pre-service science teachers, as future educators and agents of 
change, must develop these competencies to survive and thrive in an increasingly complex world 
(Dinni, 2018; Nugroho, 2018; Stark et al., 2017). Central to 21st-century skills are the four pillars 
of critical thinking, creativity, communication, and collaboration—of which critical and creative 
thinking are recognized collectively as Higher Order Thinking Skills (HOTS) (Gradini, 2019; 

Gradini et al., 2018; Marzano, 1992). 

The cultivation of HOTS is crucial from an early educational stage through to higher 
education. Instilling higher-level thinking patterns early on ensures individuals are better prepared 
to face the uncertainties, challenges, and rapid changes of modern life (Laelasari & Anggraeni, 
2017). This necessity has been increasingly reflected in national education policies, which 
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emphasize the importance of integrating HOTS-oriented learning to foster resilient and 
innovative learners (Istiqomah, 2018; Juhji & Suardi, 2018). In the context of higher education, 
particularly in teacher education programs, HOTS development is vital for preparing students to 
think independently, use technology judiciously, and apply knowledge creatively to real-world 
situations (Laelasari & Maisyanah, 2022; Wijaya et al., 2016). Effectively nurturing these skills 
requires strategic selection of instructional models and media that promote high cognitive 
engagement (Nisa et al., 2020; Widodo & Kadarwati, 2013). Among these strategies, laboratory 
practice holds a pivotal role, offering experiential learning opportunities that bridge theoretical 
understanding with practical application (Dewi et al., 2016; Laelasari & Supriatno, 2019). 

However, multiple studies and preliminary investigations reveal substantial barriers to 
implementing effective laboratory experiences, including shortages of equipment, lack of 
laboratory space, and restrictive time constraints (Bogar et al., 2023). These challenges are 
compounded by curriculum pressures that reduce the time available for hands-on scientific 
inquiry. As a result, there is an urgent need for innovative, scalable solutions that retain the 
pedagogical value of laboratory experiences while overcoming logistical limitations. 

One such solution is the use of virtual laboratories, which replicate real-world experimental 
environments through digital platforms (McCabe & Olimpo, 2020; Sugiarto, 2023). Virtual labs 
provide diverse experimental experiences with minimal resource investment, offering advantages 
such as cost-effectiveness, ease of maintenance, accessibility, and adaptability to learner needs 
(Daineko et al., 2017; Grodotzki et al., 2018; Kapici et al., 2019). Moreover, virtual laboratories 
not only simulate practical activities but also foster critical thinking, problem-solving, and 
engagement, aligning perfectly with the goals of 21st-century education (De-Menéndez et al., 

2019). 

The virtual laboratory leverages software and application technologies as an innovative 
approach to enhance laboratory service activities, offering numerous advantages—most notably, 
broader accessibility, increased efficiency, and the elimination of geographical and logistical 
barriers. This accessibility is facilitated by the ability of the software or applications to operate 
seamlessly on Android devices and other platforms (Jufriansah et al., 2022; Manikowati & 
Iskandar, 2018). Virtual laboratory activities have been shown to enhance user motivation, 
stimulate critical thinking skills, and foster active engagement in practical scientific tasks (Azhar et 
al., 2023; Sugiarto, 2023). Furthermore, they serve as an effective alternative to traditional 
laboratory experiences, particularly when material abstraction or limited laboratory equipment 
renders conventional approaches impractical (Masril et al., 2018; Nirwana, 2017). 

Among the various technological platforms supporting the development of virtual science 
laboratories, Articulate Storyline stands out. Articulate Storyline is a multimedia authoring tool 
that integrates text, animation, charts, images, videos, and audio into interactive, web-based 
(HTML5) applications or printable modules. These outputs are compatible with a range of 
devices, including tablets, laptops, and smartphones, making information delivery more engaging 
and accessible. This application has been widely adopted to create interactive learning media, 
including virtual laboratories, enhancing the attractiveness and effectiveness of educational 

content (Husna, 2022; Ike et al., 2023; Mallu & Samsuriah, 2020). 

Previous research into the development of virtual laboratories includes initiatives such as 
the construction of a physics virtual laboratory using the PhET application to improve learning 
outcomes (Bogar et al., 2023), the development of a vertebrate identification virtual lab (Sugiarto, 
2023), and the creation of inquiry-based virtual labs to enhance process skills (Azhar et al., 2023). 
Similarly (Saputra et al., 2021) demonstrated that guided inquiry-based virtual science learning 
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devices using PhET applications effectively foster scientific process skills. These studies 
consistently highlight that virtual laboratories are both feasible and valid tools for improving 
science education outcomes. 

To further explore trends in virtual laboratory development and their relationship with 
higher-order thinking skills (HOTS) in science education, a narrative literature review was 
conducted using Google Scholar (GS). Google Scholar was selected due to its widespread use as 
a web-based academic search engine and its growing comprehensiveness, making it a valuable 
complement to traditional literature databases (Haddaway et al., 2015; Halevi et al., 2017). 

The literature search revealed that Articulate Storyline has predominantly been utilized for 
creating interactive science learning media (Agustina et al., 2022; Aulia & Masniladevi, 2021; 
Daryanes et al., 2023; Nurmala et al., 2021). However, there remains a notable research gap: to 
date, no published studies have developed a science-oriented virtual laboratory explicitly designed 
to foster higher-order thinking skills (HOTS) using Articulate Storyline. This is a significant 
oversight given the growing body of evidence suggesting that virtual laboratories have substantial 
potential to cultivate HOTS, including analytical reasoning, evaluation, and problem-solving 
abilities (Anisa et al., 2020; Hentian et al., 2022; Salsabila et al., 2025). 

Building on this foundation, the current initiative seeks to develop a virtual science 
laboratory using Articulate Storyline as an innovative alternative to traditional laboratory 
activities, particularly for topics that are difficult to replicate in physical laboratories due to 
equipment limitations or the abstract nature of the material. It is anticipated that this virtual 
laboratory will not only enhance pre-service science teachers’ engagement in practical activities 

but also significantly strengthen their higher-order thinking skills. 

 
METHODOLOGY 

This study employed the Design and Development Research (DDR) methodology, aimed 
at developing a virtual science laboratory oriented toward higher-order thinking skills (HOTS) 
using Articulate Storyline software as an alternative approach to practical work in integrated 
science courses. DDR is particularly well-suited for the development of both instructional and 
non-instructional products (Richey & Klein, 2014). The development process followed the 
ADDIE model, which consists of five sequential phases: Analysis, Design, Development, 

Implementation, and Evaluation (Aldoobie, 2015). 

During the Analysis phase, a needs assessment was conducted through personal 
communication with potential users. This involved analyzing the responses of five science 
lecturers and eighteen pre-service science teachers, focusing on their needs, experiences, and 
challenges encountered during laboratory activities, particularly within integrated science courses. 
The goal was to identify key obstacles and formulate targeted solutions. In the Design phase, a 
storyboard (initial draft) for the virtual laboratory was prepared using Articulate Storyline. This 
draft included essential components such as laboratory tools and materials, step-by-step 
procedures, data tables, and interpretation frameworks for various basic science experiments. 
Four types of virtual laboratory prototypes were designed: food testing, electrical conductivity, 
specific heat capacity, and the moment of a force (torque). In addition, research instruments for 

data collection were designed to be utilized in the subsequent phases. 

The Development phase involved the creation of the initial product, followed by expert 
validation to assess its validity and feasibility prior to field use. A total of six validators 
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participated in this stage, with three validators assigned to each aspect of expert validation. The 
Implementation phase consisted of two stages. Initially, the virtual laboratory product was piloted 
on a small scale involving seven pre-service science teachers (two males and five females) 
enrolled in integrated science courses. Subsequently, broader classroom implementation was 
carried out with thirty-seven pre-service science teachers (twelve males and twenty-five females) 
also enrolled in the second semester of the integrated science course. Participants were selected 
using purposive sampling to align with the research objectives. Finally, the Evaluation phase 
involved reviewing and analyzing the entire experimental process to refine and improve the 
virtual laboratory product, culminating in the development of the final version. 

 

 

Figure 1. Procedure of Product Development 

 

To assess the feasibility and practicality of the product, the researcher employed three types 
of questionnaires: media expert validation, content expert validation, and user response surveys. 
The content validation focused on evaluating aspects such as presentation quality, content 
accuracy, language appropriateness, and the promotion of higher-order thinking skills. 
Meanwhile, media validation addressed criteria related to software engineering, instructional 
design, visual communication, and the integration of virtual laboratory components. The user 
response questionnaire encompassed all of these categories to provide a comprehensive 
evaluation. Subsequently, the results of expert validations were analyzed using the feasibility 
criteria outlined in Table 1 to determine the overall quality and suitability of the product. 

 
Table 1. Feasibility Criteria of Virtual Laboratory (Febriana, 2014) 

Average score Criteria Catogory 

3.26 – 4.00 valid 
Feasible 

2.51 – 3.25 quite valid 

1.76 – 2.50 less valid 
not feasible 

1.00 – 1.75 invalid 
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Meanwhile, the results of the user response evaluations were analyzed to assess the 
practicality of the virtual laboratory, based on the practicality criteria outlined in Table 2. 

Table 2. Practicality Criteria of Virtual Laboratory (Marthalena et al., 2021) 

Criteria Level of Practicality Category  

81% - 100% very high 

61% - 80% high 

41% - 60% medium 

21% - 40% low 

0% - 20% very low 

 

RESULT AND DISCUSSION 

The research on the development of a virtual laboratory aimed at enhancing higher-order 
thinking skills through the use of Articulate Storyline was conducted in five distinct stages. The 
initial phase of product development involved the creation of a prototype that included the initial 
page layout, the Graduate Learning Outcomes (GLO), and four key science laboratory activities. 
These activities were focused on the following concepts: food testing, electrical conductivity, 
specific heat, and the moment of a force (torque). Each component was designed to facilitate an 
engaging and interactive learning experience, laying the foundation for the subsequent stages of 
development and refinement.  

 

  

Figure 2. Display The Product Home Page 

Each laboratory activity within the virtual environment is structured around three core 
elements: indicators and objectives, foundational theory, and the virtual lab activity itself. Each 
lab activity is further divided into four key components: tools and materials, practical procedures, 
data analysis, and evaluation. To promote the development of higher-order thinking skills, the 
researchers integrated cognitive challenges into the practical tasks. For instance, at the outset of 
each activity, users are required to select the appropriate tools and materials from a provided set, 
encouraging critical decision-making. Additionally, higher-order thinking skills are further 
fostered through a series of reflective questions presented during the post-practical evaluation 
phase, prompting users to analyze and synthesize the knowledge gained during the activity. 
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Figure 3. Main Features and Higher Order Thinking Skills Integration 

The subsequent stage of product development involved validation, which aimed to assess 
the feasibility of the virtual laboratory. The product was considered feasible if it was deemed valid 
by the validators, based on the scores they assigned and their feedback or suggestions. The 
validation process was conducted through expert judgment, involving both content and media 
experts. Content validation focused on evaluating the product's alignment with key criteria, 
including presentation quality, content relevance, language clarity, and the incorporation of 
higher-order thinking skills. The results of the validation process, as provided by the validators, 
are presented in Figure 4. 

 

 

Figure 4. Content Expert Validation Average Score 

As shown in Figure 4, the average score for content validation across all indicators is 3.83, 
which falls within the valid and feasible range. Specifically, the average scores for each individual 
aspect are as follows: presentation criteria received a score of 3.78, quality content scored 3.83, 
language aspects received 3.70, and the higher-order thinking skills content achieved a score of 
4.00. The average scores provided by each validator were 3.83, 3.67, and 3.83, respectively, for 
the first, second, and third validators. These scores indicate that the product meets the valid 
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criteria overall. In conclusion, the final assessment of the virtual laboratory, particularly in terms 
of higher-order thinking skills, confirms its feasibility. The results of the media expert validation 
are presented in Figure 5. 

 

 

Figure 5. Media Expert Validation Average Score 

As presented in Figure 5, the media expert validation was conducted across four key 
aspects: software engineering, learning design, visual communication, and virtual laboratory 
components. The overall average score for all indicators was 3.69, which places the product in 
the valid and feasible category. More specifically, the average scores for each indicator were as 
follows: software engineering received a score of 3.73, learning design scored 3.83, visual 
communication achieved 3.67, and the virtual laboratory component was rated 3.56. All four 
aspects were deemed valid and feasible, with the learning design category particularly highlighted 
as strong. After the product was deemed feasible and revised according to the feedback provided 
by the validators, further testing was conducted to assess the practical usability of the virtual 
laboratory. A large-scale trial involving 37 pre-service science teachers was carried out, yielding a 
practical score of 89.77%, categorizing the product as highly practical. The detailed user 
responses, which were used to measure the quality of the virtual laboratory, are presented in 
Table 3. 

Table 3. User Response Score Analysis 

Aspect Average 

score 

Percentage Level of 

practicality 

Software engineering 14.95 93.41 Very high 

Visual Communication 11.19 93.24 Very high 

Virtual laboratory component 15.65 78.24 High 

Learning Design 10.95 91.22 Very high 

Presentation 9.35 77.91 High  

Content quality 10.85 90.41 Very high 

Language 10.45 87.08 Very high 

Integration HOTS in Virtual lab 14.54 90.88 Very high 

Average score 12.24 87.79 Very High  
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In line with the development model followed, evaluation plays a critical role in the 
completion of the virtual laboratory product. This evaluation phase is conducted at each stage of 
the product development process. It serves as a mechanism for analyzing and refining the science 
virtual lab, ensuring that the product evolves effectively from development to field 
implementation. The primary objective is to continuously improve the product, making it more 
efficient and effective for its intended users. Evaluations are carried out through expert judgment 
and user responses, providing valuable feedback for enhancement. An example of the 
improvements made to the product based on such evaluations includes adjustments to the color 
background, which were modified to create a more cohesive and visually appealing user 
experience, as illustrated in Figure 6. These refinements are part of an ongoing process aimed at 
optimizing the virtual laboratory's functionality and usability. 

 

 

Before revision 

 

After revision 

Figure 6. Sample of Evaluation Process 

Four practical laboratory activities have been developed within the virtual laboratory: food 
testing, electrical conductivity, specific heat, and the moment of a force (torque). The food test 
activity includes amylum, fat, glucose, and protein tests, which are part of biochemistry content, 
while the other three activities pertain to biophysics. All of these topics fall within the scope of an 
integrated science course. The Graduate Learning Outcomes (GLO) for the integrated science 
course focus on knowledge aspects that encompass a fundamental understanding of synthesizing 
physics, chemistry, and biology, as well as the specific skills necessary for designing laboratory 
setups, managing laboratory activities, and evaluating the use of scientific laboratories. 

The validation of the virtual laboratory product was conducted by content and media 
experts to assess its feasibility before implementation. This validation process aligns with the goal 
of the development research, which seeks to produce a scientifically tested model or product 
(Trisnaningsih et al., 2021). Content validation showed that the highest average score was 
awarded to the aspect of higher-order thinking skills. The virtual laboratory product successfully 
integrates higher-order thinking skills not only in the evaluation portion but also throughout the 
practical activities. For example, in the tools and materials section, users must select the 
appropriate equipment before starting their experiments. If the wrong selection is made, the next 
step cannot proceed, prompting users to critically consider their choices. Furthermore, in the data 
analysis section, users are tasked with collecting data from their experiments and analyzing it to 
draw conclusions, fostering deeper cognitive engagement. This demonstrates the potential of the 
virtual laboratory to enhance the higher-order thinking skills of pre-service science teachers 
during and after lab activities. These findings align with previous research, which indicates that 
lab activities can enhance students' thinking skills by optimizing both hands-on and minds-on 
learning experiences (Dewi et al., 2016; Laelasari & Supriatno, 2019; Permana et al., 2021). 
Additionally, the assessment by content validators plays a crucial role in ensuring the alignment of 
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the material with the basic competencies and GLO of the science curriculum, as well as 
determining the appropriateness of the content for the target users' cognitive level (Sasmito et al., 
2017; Wakhidah et al., 2020). 

A large-scale trial of the virtual laboratory was conducted in an integrated science course, 
where users—pre-service science teachers—were asked to complete lab activities and 
subsequently fill out a questionnaire to assess the practicality of the developed media. The 
average score obtained was 89.39%, categorizing the product as highly practical. This result 
suggests that the virtual laboratory, developed using Articulate Storyline, can effectively support 
the learning process in integrated science courses. It offers the advantage of substituting 
traditional hands-on experiments with virtual simulations, overcoming limitations in equipment, 
time, and cost. This aligns with research indicating that virtual labs provide significant benefits, 
including low investment costs, ease of maintenance, customization for students' needs, and the 
promotion of active learning, all while presenting challenges that help users develop various skills 
(De-Menéndez et al., 2019). Virtual laboratories can also support educators in enhancing practical 
experiences and offer solutions to the challenges posed by high costs and time constraints in 
traditional lab settings (Daineko et al., 2017; Fuadi et al., 2021; Lavtania et al., 2021). 

One of the key strengths of the developed product is its integration of higher-order 
thinking skills, which fosters critical and creative thinking abilities in users. The product is 
delivered through an attractive software interface, making it engaging for users. However, there 
are some limitations, such as the product being accessible only to users with the correct link and 
the absence of background music in the application. Therefore, further development is needed to 
ensure that the virtual lab can be effectively utilized in science education, particularly in integrated 
science courses. Based on the findings of this study, the researchers recommend conducting 
experimental studies with the developed product to evaluate its effectiveness and impact on 
users' higher-order thinking skills. Additionally, it will be important to develop supplementary 
instruments to collect data in future studies.  

CONCLUSION 

The virtual laboratory in science has been developed with an emphasis on higher-order thinking 
skills, using Articulate Storyline. The development followed a structured process encompassing 
five stages: analysis, design, development, implementation, and evaluation. The final product, as 
validated by content experts, received an average score of 3.83, while media experts awarded it a 
score of 3.69, both of which fall within the valid and very feasible criteria. The practicality of the 
developed product was assessed through field testing, which yielded a final percentage score of 
89.36%, classifying it as highly practical. This demonstrates that the virtual laboratory can serve as 
a viable alternative for conducting practical work in science education. Despite these positive 
findings, there are some limitations to the research, most notably the lack of investigation into 
the impact of the virtual laboratory on pre-service science teachers' higher-order thinking skills 
(HOTS). Further studies are required to explore this aspect and to refine the instruments used to 
measure and enhance higher-order thinking skills effectively.  
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