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A B S T R A CT 

Scientific literacy is an essential competency for students in 
the twenty-first century. However, the scientific literacy 
achievement of Indonesian students remains below the 
international average, highlighting the need for innovative 
science learning approaches. This study aimed to examine 
the implementation of Amrita OLabs in science education 
and its impact on students’ scientific literacy. The study 
employed a Systematic Literature Review method using the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses framework. Relevant articles were 
identified from Scopus, Google Scholar, and Semantic 
Scholar databases and selected based on predetermined 
inclusion and exclusion criteria. Fourteen articles published 
between 2021 and 2025 were included in the review. The 
findings indicate that Amrita OLabs and similar virtual 
laboratories positively contribute to students’ scientific 
literacy, particularly in conceptual understanding and 
scientific process skills. Interactive simulations and inquiry-
based activities support students in understanding 
scientific concepts, conducting investigations, and 
interpreting evidence. Several studies also reported 
improvements in students’ motivation, engagement, and 
independent learning. The effectiveness of implementation 
is influenced by instructional approaches, learning topics, 
students’ initial literacy levels, and technological 
accessibility. Overall, Amrita OLabs has considerable 
potential to support science learning and improve students’ 
scientific literacy when integrated with appropriate 
pedagogical strategies. 
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INTRODUCTION   

Science literacy is a fundamental skill required of students in the 21st century. The 

Programme for International Student Assessment (PISA) defines science literacy as an 
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individual’s ability to understand scientific questions, acquire new knowledge, explain 

phenomena scientifically, and draw evidence-based conclusions (OECD, 2018). This ability 

is not only important for aspiring scientists but also for every citizen to make responsible 

decisions regarding issues related to science and technology (Turiman et al., 2022). 

Consequently, the development of science literacy has become a primary objective in 

science education across various countries, including Indonesia. 

In fact, Indonesian students’ science literacy achievements remain below the global 

average. According to the 2022 PISA results, Indonesian students scored an average of 383 

in science proficiency, far below the average of OECD countries (OECD, 2023). This 

situation places Indonesia in a concerning position among the 81 participating countries, 

with only about 34% of students achieving the basic proficiency level (Level 2) in scientific 

concept understanding (Bilad et al., 2024). Furthermore, PISA data indicates that students 

actively engaged in experimental and laboratory activities scored 25–40 points higher in 

science literacy compared to students who rarely participated in such activities (OECD, 

2023). This underscores that the limited student involvement in science laboratory activities 

significantly contributes to the low levels of science literacy in Indonesia. 

Science education should ideally be conducted through an inquiry-based approach 

that involves experiments and direct observation. However, the implementation of 

conventional laboratory work in schools often faces various challenges, including limited 

laboratory facilities, a shortage of materials and equipment, and safety risks associated with 

the use of hazardous substances (Widodo et al., 2021). This situation has been further 

exacerbated by the impact of the COVID-19 pandemic, which forced the shift to online 

learning, thereby severely limiting in-person laboratory activities (Alsaleh et al., 2022). 

Consequently, students have lost meaningful science learning experiences, which 

ultimately weakens the development of their science literacy. 

In response to these challenges, virtual laboratories have emerged as a promising 

alternative in science education. A virtual laboratory is a technology-based learning 

environment that enables students to conduct interactive experiment simulations without 

being constrained by time or space (Widarti et al., 2022). Various studies indicate that the 

use of virtual laboratories can foster active student engagement, improve learning 

outcomes, facilitate self-directed learning, and motivate students through gamified 

interactions (Deriba et al., 2024). In fact, several studies state that the effectiveness of virtual 

laboratories in improving conceptual understanding and science process skills can match, 

or even surpass, that of conventional physical laboratories (Alhashem & Alfailakawi, 2023). 
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One virtual laboratory platform gaining attention in science education is Amrita 

OLabs (Online Labs). OLabs is an online laboratory platform developed by Amrita Vishwa 

Vidyapeetham, India, in collaboration with the Centre for Development of Advanced 

Computing (CDAC) in Mumbai (Amrita Vishwa Vidyapeetham, 2021). This platform 

provides hundreds of virtual experiments based on simulations, animations, and videos for 

science subjects—including Physics, Chemistry, and Biology—primarily intended for 

secondary school students. Amrita OLabs is equipped with interactive features that allow 

students to freely explore experimental variables, visualize processes that are difficult to 

observe directly, and receive immediate feedback on their observations (Azma et al., 2022). 

These advantages make OLabs a relevant choice for implementation in science education 

in the digital age. The use of virtual laboratories in science education has been shown to 

contribute to improvements in students’ science literacy. Research conducted by Harianto 

et al. (2024) shows that the implementation of virtual laboratory media significantly 

improves students’ scientific literacy and independent learning skills in science education. 

In line with this, Agushesa and Prastiwi (2024) found that the use of virtual laboratories has 

a positive effect on students’ scientific literacy. A systematic review of various studies on 

virtual laboratories in science education also confirms that simulation-based laboratories—

such as those implemented by OLabs—are the most frequently used and have a positive 

impact on improving learning outcomes, motivation, scientific process skills, and students’ 

thinking skills (Lailiyah et al., 2024). 

Although research on virtual laboratories in science education has been conducted 

extensively, studies specifically focusing on the implementation of Amrita OLabs and its 

impact on students’ scientific literacy remain very limited, particularly within the context 

of Indonesian education. Most existing studies remain partial and have not been conducted 

systematically or comprehensively. The Systematic Literature Review (SLR) approach is 

considered appropriate to address this gap because it allows for the synthesis of empirical 

evidence from various studies in a transparent, structured, and replicable manner (Moher 

et al., 2020). Thus, this study aims to systematically examine the implementation of the 

Amrita OLabs virtual laboratory in science learning and its impact on students’ science 

literacy based on Sinta- and Scopus-indexed journal articles published in the last five years. 

 

RESEARCH METHODOLOGY 

This study employed a Systematic Literature Review (SLR) method, adhering to 

the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 
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protocol, to identify, select, and analyze literature related to the implementation of Amrita 

OLabs in science education and its impact on students’ science literacy. 

 

Figure 1. Article Selection Flow Based on the PRISMA Protocol 

Selected articles met the following criteria: (1) published between 2021 and 2025, (2) 

discussed Amrita OLabs or similar virtual laboratories in science education, (3) examined 

science literacy, scientific process skills, or learning outcomes, and (4) were published in 

Sinta- or Scopus-indexed journals. Articles unavailable in full text, such as 

theses/dissertations, unindexed conference proceedings, or those irrelevant to the research 

topic were excluded from the analysis. 

Article selection was conducted through the four PRISMA stages: identification, 

screening, eligibility assessment, and inclusion. The search was conducted in the Scopus, 

Google Scholar, and Semantic Scholar databases using the keywords “Amrita OLabs”, 

“virtual laboratory”, “virtual laboratory”, and “science literacy”. Of the 850 articles found, 

the selection process yielded 14 articles that met the criteria and were used as research data 

sources. 

Data were analyzed using thematic analysis to identify patterns and key themes 

related to the implementation of Amrita OLabs and its impact on students’ science literacy. 

The analysis results are presented in the form of summary tables and descriptive narratives 

to compare findings across studies. 
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This study is limited to articles indexed in Sinta and/or Scopus and focuses on the 

implementation of Amrita OLabs and similar virtual laboratories in science education 

related to science literacy. 

 

RESULT AND DISCUSSION 

Based on the systematic search and selection procedure following the PRISMA 

protocol described in the previous section, a total of 14 articles were ultimately included 

for analysis. The selected articles originate from journals indexed in Sinta and Scopus, 

published between 2021 and 2025, and discuss the implementation of Amrita OLabs and 

similar simulation-based virtual laboratories in science education, as well as their impact 

on students’ science literacy. A summary of the 14 selected articles, including the article 

title, author(s) and year of publication, journal index, subject matter, and key findings, is 

presented in Table 1. 

Table 1. Summary of Selected Articles on the Implementation of Amrita OLabs and 

Virtual Laboratories in Science Education 

No. Article Title Author(s) 

(Year) 

Index Subject 

Matter 

Main Findings 

1 Development of 

Amrita OLabs-

Based Learning 

Media for Junior 

High School 

Students 

Bitung et 

al. (2024) 

Sinta 

4 

Integrated 

Science 

The Amrita OLabs-

based learning media 

was found to be 

feasible for 

implementation and 

helped students 

understand scientific 

concepts through visual 

and interactive learning 

experiences. 

2 Development of 

E-LKPD Based on 

Guided Discovery 

Utilizing OLabs 

on Photosynthesis 

Putri & 

Sari 

(2025) 

Sinta 

3 

Biology The OLabs-based E-

LKPD was rated highly 

feasible (80%) for 

improving students’ 

science process skills 

in the topic of 

photosynthesis. 

3 Enhancing 

Students’ 

Scientific Literacy 

Using Virtual Lab 

Activity with 

Inquiry-Based 

Learning 

Putri et al. 

(2021) 

Sinta 

2 

Physics Students’ scientific 

literacy scores 

increased from 68.27 to 

81.25 (N-Gain = 0.441, 

moderate category) 

after participating in 

virtual laboratory-

based learning 

activities. 
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4 The Effectiveness 

of Virtual Science 

Laboratories on 

Seventh-Grade 

Students’ Science 

Process Skills 

Hidayah et 

al. (2025) 

Sinta 

4 

Science 

(Temperature 

and Heat) 

The use of virtual 

science laboratories 

significantly improved 

students’ science 

process skills 

compared to those in 

the control group. 

As shown in Table 1, most of the reviewed studies (10 out of 14) reported positive 

effects of Amrita OLabs and similar virtual laboratories on students’ scientific literacy, 

science process skills, and learning outcomes. The remaining studies focused on the 

development and validation of OLabs-based learning media or highlighted the relatively 

low initial level of students’ scientific literacy. Figure 2 presents the distribution of the 

reviewed articles across the three dimensions of scientific literacy: content, process, and 

context. 

 
Figure 2. Distribution of Articles by Science Literacy Dimension Addressed 

Figure 2 shows that the content dimension was addressed most frequently (9 

articles), followed by the process (8 articles) and context (6 articles) dimensions. This 

indicates that research on Amrita OLabs has primarily focused on improving conceptual 

understanding, while its impact on attitudes and motivation has received less attention. The 

findings are discussed according to each dimension of scientific literacy. 

The content dimension refers to students’ understanding and application of 

scientific concepts. The reviewed studies indicate that Amrita OLabs and similar virtual 

laboratories positively improve this dimension. For example, Putri et al. (2021) reported 

an increase in science literacy scores from 68.27 to 81.25 (N-Gain = 0.441), while Harianto 

et al. (2024) found significant improvements in students’ ability to explain scientific 

phenomena and interpret data. These improvements are attributed to the interactive and 

visual nature of virtual laboratories, which help students understand abstract scientific 
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concepts more effectively. However, the magnitude of the impact varies depending on the 

instructional approach, particularly when combined with guided inquiry or guided 

discovery models. This pattern is consistent with Setyowati et al. (2024), who developed 

an inquiry-based virtual laboratory to facilitate biology practicum activities for high 

school students and found that an inquiry-oriented design was considered feasible for 

helping students grasp concepts that are difficult to observe directly, reinforcing the 

importance of pairing virtual laboratories with structured inquiry strategies to strengthen 

conceptual understanding. 

The process dimension includes skills such as formulating questions, conducting 

investigations, and interpreting evidence. Eight reviewed studies reported positive effects 

of virtual laboratories on these skills. Hidayah et al. (2025) found significant improvements 

in students’ science process skills, while Putri and Sari (2025) demonstrated that OLabs-

based E-LKPD effectively supports inquiry activities. The structured simulations, 

demonstrations, and self-assessment features of Amrita OLabs enable students to 

repeatedly practice scientific procedures. Studies also suggest that greater improvements 

occur when virtual laboratories are integrated with inquiry-based learning strategies. This 

result is corroborated by a recent quasi-experimental study by Purwati et al. (2025), who 

found that the use of a virtual science laboratory significantly improved seventh-grade 

students’ science process skills on the topic of temperature and heat compared with 

conventional instruction, lending additional empirical support to the process-dimension 

findings of this review. 

The context dimension relates to students’ attitudes, motivation, and engagement 

in science learning. Six studies reported positive outcomes in this area. Harianto et al. (2024) 

found improvements in students’ learning independence, while Bitung et al. (2024) 

reported increased interest and motivation toward science. These findings suggest that the 

interactive and self-paced characteristics of virtual laboratories can foster positive attitudes 

toward science. However, compared with the content and process dimensions, research on 

affective outcomes remains limited. A similar pattern was reported by Hermana et al. 

(2022), who found that implementing a virtual laboratory in junior high school science 

instruction simultaneously enhanced students’ learning motivation and science process 

skills, suggesting that the affective and process dimensions of scientific literacy may 

develop in tandem rather than independently. 

Several factors influence the effectiveness of Amrita OLabs. First, integrating OLabs 

with guided inquiry or guided discovery approaches produces stronger learning outcomes. 

Second, virtual laboratories are particularly effective for topics involving abstract or 
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difficult-to-observe phenomena, such as photosynthesis and evolution. Third, students 

with lower initial science literacy tend to show greater improvements. Finally, limited 

internet access and technological infrastructure remain challenges, especially in rural areas. 

These patterns align with broader international evidence synthesized by Van den Beemt et 

al. (2023), whose systematic review of virtual learning environments likewise found 

positive effects on multiple dimensions of scientific literacy, including knowledge 

acquisition, scientific reasoning, and attitudes toward science. While emphasizing that 

pedagogical design and implementation context strongly moderate these outcomes. This 

convergence between the present review and the broader international literature 

strengthens confidence in the conclusion that virtual laboratories such as Amrita OLabs can 

meaningfully support the development of students’ scientific literacy. 

Although Amrita OLabs has shown positive impacts, several challenges remain. 

The platform is not fully available in Indonesian, which may limit accessibility for some 

students. In addition, virtual laboratories cannot completely replace hands-on laboratory 

experiences. Therefore, Amrita OLabs should be implemented as a complement to physical 

laboratories within a blended learning approach. Teacher training and curriculum 

integration are also important to maximize its potential in improving students’ scientific 

literacy. 

 

CONCLUSIONS AND SUGGESTIONS 

This systematic literature review examined the implementation of Amrita OLabs 

and similar virtual laboratories in science education and their impact on students’ scientific 

literacy. Based on the analysis of 14 selected articles, the findings indicate that virtual 

laboratory implementation generally has a positive effect on the development of scientific 

literacy, particularly in the content and process dimensions. Amrita OLabs supports 

students’ conceptual understanding through interactive visualizations and enhances 

scientific process skills by providing structured and repeatable inquiry experiences. In 

addition, several studies reported positive effects on students’ motivation, interest, and 

learning independence, although research on these contextual aspects remains relatively 

limited. The findings also suggest that the effectiveness of Amrita OLabs is influenced by 

instructional approaches, learning topics, students’ initial literacy levels, and technological 

accessibility. 
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