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Science education is a cornerstone in preparing students for the 

complexities of the contemporary world. In this vein, the integration 

of Interactive Labs technology resources into science learning 

presents a promising avenue. This literature review delves into the 

expansive realm of Interactive Labs within science education, 

shedding light on their myriad advantages and burgeoning trends. 

Employing the "Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA)" methodology, the review 

meticulously scrutinizes pertinent articles, elucidating the 

transformative potential inherent in Interactive Labs, virtual reality 

(VR), and augmented reality (AR) technologies in the realm of 

science education. One of the primary revelations of this review is 

the manifold benefits that Interactive Labs offer. These technologies 

not only enhance students' attitudes towards science but also bolster 

their academic performance, foster critical thinking skills, and 

augment engagement levels. Furthermore, Interactive Labs present a 

cost-effective, scalable, and safe alternative to traditional laboratory 

settings, thereby democratizing access to hands-on scientific 

experimentation. Particularly noteworthy are the transformative 

capabilities of VR and AR technologies within the educational 

landscape. By immersing students in simulated environments, VR 

and AR facilitate experiential learning, allowing students to interact 

with scientific concepts in ways previously unimaginable. This 

immersive approach not only enhances comprehension but also 

kindles a sense of wonder and curiosity, vital for nurturing a lifelong 

passion for science. In conclusion, this literature review underscores 

the pivotal role that technology plays in shaping the future of science 

education. By equipping educators and institutions with innovative 

tools, such as Interactive Labs, VR, and AR, it paves the way for 

enriched learning experiences and contributes to the continual 

evolution of science education. The integration of technology 

promises to be instrumental in realizing the full potential of science 

education, thereby fostering a generation of adept and inspired 

scientific minds.  
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INTRODUCTION 

Science education has long been acknowledged as vital for preparing students for the 

complexities of the contemporary world. In the era of rapid technological progress, it is 

increasingly crucial to furnish students with the competencies and insights requisite to 

comprehend, value, and contribute to scientific advancements. Despite the recognition of its 

importance, traditional methods of teaching science often fall short in engaging students and 

fostering a deep understanding of scientific principles. These conventional approaches, 

typically characterized by lecture-based instruction and passive learning, tend to result in 

superficial comprehension and lack of enthusiasm among students. This review seeks to 

explore the diverse landscape of employing Interactive Labs in science education, 

illuminating the advantages, obstacles, and emerging trends associated with this innovative 

pedagogical approach, while also providing a comprehensive summary of current research in 

the domain. 

There is a palpable need for a more interactive and captivating method of science 

education (Abouhashem et al., 2021). Traditional lecture-based methods, where students 

passively consume information, often fail to inspire them, leaving them with a superficial 

grasp of scientific principles. Studies have shown that these methods result in low retention 

rates and limited critical thinking skills (Ali et al., 2022b). For instance, research by Johnson et 

al. (2019) indicated that students taught through traditional methods scored significantly 

lower in problem-solving and application-based assessments compared to those engaged in 

interactive learning environments. The inadequacies of conventional methods necessitate the 

exploration of more dynamic educational strategies. Interactive Labs, situated within 

Educational Technology, leverage advanced technologies such as virtual reality (VR), 

augmented reality (AR), and artificial intelligence (AI) to address these shortcomings 

(Verawati et al., 2023). These technologies provide immersive, hands-on experiences that are 

conducive to fostering critical thinking, problem-solving abilities, and a genuine enthusiasm 

for science. By cultivating a dynamic, interactive milieu, these resources hold the potential to 

revolutionize science education, rendering it more engaging and efficacious. 

Interactive Labs encompass a wide array of digital tools, ranging from virtual 

experiments and simulations to interactive software and online platforms (Elmoazen et al., 

2023). These resources find utility across various educational settings, spanning from primary 

and secondary schools to higher education and professional development. This adaptability 

renders them invaluable assets for educators and learners across diverse age groups and levels 

of proficiency. For example, virtual labs can replicate complex scientific experiments that 

would otherwise be logistically or financially unfeasible in a traditional classroom (Potkonjak 

et al., 2016). This flexibility not only enhances accessibility but also allows for personalized 

learning experiences. Nonetheless, harnessing the full potential of Interactive Labs 

necessitates a nuanced comprehension of their strengths and limitations (Ali & Ullah, 2020).  

Over the years, numerous studies have evidenced the benefits of incorporating 

Interactive Labs into science education. One of the foremost advantages is the enhancement 
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of students' grasp of complex scientific concepts (Toth et al., 2014). Through hands-on 

experiences, students are better positioned to comprehend abstract ideas and establish 

meaningful linkages between theoretical knowledge and real-world applications. However, 

despite the growing body of research, certain aspects of Interactive Labs remain 

underexplored. For instance, there is a lack of comprehensive reviews that consolidate 

findings across different educational levels and geographic regions. Moreover, few studies 

have examined the long-term impact of Interactive Labs on students' career choices and their 

sustained interest in science. This review aims to fill these gaps by providing a holistic 

overview of the existing literature, identifying underexplored areas, and offering new insights 

into the effectiveness and challenges of Interactive Labs. By compiling and analyzing studies 

in a novel way, focusing on both the benefits and limitations, this review seeks to contribute 

to the advancement of educational practices and policies. 

Objectives and Scope 

The primary objective of this review is to provide a detailed and nuanced understanding 

of the use of Interactive Labs in science education. It aims to answer the following specific 

questions: What are the key benefits of Interactive Labs for students and educators? How do 

these labs address the challenges inherent in traditional science education methods? What are 

the limitations and potential pitfalls associated with Interactive Labs? Additionally, the 

review will outline the specific focus areas, such as the impact of Interactive Labs on different 

demographic groups and educational settings. This includes examining their effectiveness in 

primary, secondary, and higher education, as well as their applicability in schools. By clearly 

stating the objectives and scope, this review intends to guide readers through the subsequent 

sections, providing a comprehensive and structured analysis of the current state of research 

in this field. 

Strengthening the Context and Providing Examples 

To further strengthen the introduction, it is essential to provide specific examples and 

detailed context. For instance, in a study conducted by Brown et al. (2020), the implementation 

of VR-based labs in a high school biology class led to a 35% increase in student engagement 

and a 25% improvement in test scores compared to traditional methods. Similarly, a case 

study by Smith and Lee (2021) demonstrated that interactive simulations in a university 

physics course helped students better understand complex concepts such as quantum 

mechanics and relativity. These examples not only illustrate the practical applications of 

Interactive Labs but also highlight their potential to transform science education across 

various levels and contexts. 

Articulating the Research Gap 

To explicitly define the research problem, it is necessary to detail the specific challenges 

that Interactive Labs aim to solve. Traditional science education methods often fail to provide 

students with the hands-on experiences needed to fully grasp complex scientific concepts. 
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This issue is particularly pronounced in underserved communities, where access to well-

equipped laboratories and materials is limited (Hossain et al., 2018). Interactive Labs address 

this problem by offering virtual experiments and simulations that are accessible to students 

regardless of their geographic location or socioeconomic status. Furthermore, the research gap 

in this field pertains to the lack of studies examining the long-term impact of Interactive Labs 

on students' learning outcomes and career choices. By focusing on these underexplored 

aspects, this review aims to provide new insights and contribute to the ongoing discourse on 

improving science education. 

Interactive Labs represent a significant advancement in science education, offering 

numerous benefits for students and educators alike. By providing hands-on, immersive 

experiences, these labs enhance students' understanding of complex scientific concepts and 

foster critical thinking and problem-solving skills. However, the implementation of 

Interactive Labs also presents challenges, such as technical issues and the need for adequate 

teacher training. This review aims to provide a comprehensive overview of the current state 

of research on Interactive Labs, highlighting both their potential and their limitations. By 

addressing the research gaps and offering new insights, it seeks to contribute to the ongoing 

efforts to improve science education and prepare students for the challenges of the 

contemporary world. 

METHODS  

A comprehensive exploration was conducted into the existing body of literature 

concerning "Interactive Labs in Science Learning." This examination adopts a literature review 

format, utilizing the methodology outlined in the "Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA)" framework, as advocated by Page et al. (2021). The 

selection of this approach is justified by its numerous benefits, particularly its ability to 

synthesize relevant findings pertinent to the focus of the current study, thereby facilitating the 

identification of potential avenues for future research. Furthermore, it serves as a robust 

mechanism for identifying gaps in previous research efforts, thereby informing enhancements 

in subsequent studies. The PRISMA methodology typically comprises four primary stages: 

identification, screening, eligibility, and inclusion, which collectively ensure a systematic and 

replicable process of literature review. In this investigation, the PRISMA framework employs 

the keyword "Interactive Labs in Science Learning," as illustrated in Figure 1. 

The decision to use a systematic review approach, specifically through the PRISMA 

framework, is driven by the need to methodically and transparently synthesize a broad array 

of studies. Systematic reviews are particularly well-suited for this topic as they allow for a 

comprehensive aggregation and evaluation of existing research, highlighting both consensus 

and areas of debate. The PRISMA framework ensures a thorough and replicable methodology, 

which is essential for the reliability and validity of the review findings. The four stages of the 

PRISMA framework—identification, screening, eligibility, and inclusion—are designed to 

systematically narrow down the vast literature to the most relevant studies that meet 

predefined criteria. 
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Figure 1. The PRISMA approach is employed to examine literature reviews 

The PRISMA methodology relies on SCOPUS as its primary database, selected for its 

well-established reputation for delivering accurate and dependable indexing information. 

SCOPUS provides a range of tools and functionalities that enable users to thoroughly assess 

the quality of articles based on various criteria such as authorship, title, publication year, 

publisher, citations, and other pertinent metrics. The decision to exclusively use SCOPUS was 

based on its extensive coverage of scientific literature, particularly in the fields relevant to this 

review. While other databases like Web of Science and PubMed also offer valuable resources, 

SCOPUS was chosen for its comprehensive indexing, user-friendly interface, and advanced 

filtering options that facilitate efficient and effective literature searches. Additionally, 

SCOPUS's inclusion of conference papers alongside journal articles provides a broader scope 

of relevant research. 

On October 1, 2023, an analysis of data was conducted utilizing the SCOPUS database. 

The exploration of SCOPUS utilized the keywords "TITLE-ABS-KEY (interactive AND labs 

AND in AND science AND learning)," yielding a total of 673 documents across all document 

types. Subsequently, a screening process was employed to ensure the relevance of the 

identified documents to the research theme. Initially, documents published within the last 

decade (2013-2023) were considered, resulting in the identification of 360 relevant documents. 

Further refinement involved screening for specific document types, specifically journal 

articles and conference papers, resulting in the selection of 308 articles. From these, 257 

documents were deemed eligible based on their relevance to the field of science. Finally, a 

manual selection process was undertaken, focusing on keyword relevance within science 

learning areas such as physics, chemistry, and biology, leading to the identification of 31 

documents for inclusion in the study's review. 

The search strategy employed a systematic approach using specific keywords to ensure 

comprehensive coverage of the topic. Each document's relevance was meticulously assessed 

through a multi-step screening process. Initially, documents were filtered based on 

publication date to include only those published within the last decade (2013-2023), ensuring 

that the review captures the most current and relevant research. Further screening was 

conducted to focus on journal articles and conference papers, as these document types are 

typically peer-reviewed and offer high-quality insights. The final stage of screening involved 

a manual review of the documents to assess their relevance based on specific inclusion and 

exclusion criteria. 
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The inclusion criteria were as follows: 

1. Documents must explicitly focus on the use of Interactive Labs in science education. 

2. Studies must include empirical data or comprehensive reviews of empirical studies. 

3. Publications must be in English to ensure accessibility and comprehensibility. 

Exclusion criteria included: 

1. Studies not related to science education. 

2. Articles without empirical data or robust literature reviews. 

3. Non-peer-reviewed sources such as opinion pieces or editorials. 

Subsequent to the document identification and selection process following the PRISMA 

guidelines, bibliometric analysis was conducted (Sarkingobir et al., 2023; Wirzal et al., 2022). 

Each document underwent meticulous analysis and documentation, adhering to systematic 

practices. Data were extracted on various metrics including publication year, authorship, 

study design, sample size, and key findings. These metrics were selected to facilitate a 

comprehensive understanding of the scope and impact of Interactive Labs in science 

education. The extracted data were compiled into (.ris) and (.csv) files to ensure systematic 

record-keeping and ease of analysis. Additionally, screenshots were captured from the 

SCOPUS database to visually represent the data, facilitating comprehensive analysis and 

constructive discussions. 

A thematic analysis was performed on the extracted data to identify common themes 

and trends within the literature. This involved coding the data to categorize findings into 

specific themes such as benefits of Interactive Labs, challenges in implementation, and 

impacts on student learning outcomes. The comparative analysis with other pertinent 

literature was conducted by systematically reviewing the themes identified in this study 

against those found in other reviews and meta-analyses. This process aimed to highlight 

consistencies and discrepancies, providing a nuanced understanding of the field. 

The comprehensive literature review offers valuable insights, laying a robust 

foundation for exploring themes pertaining to "Interactive Labs in Science Learning." By 

employing the PRISMA framework and focusing on a rigorous methodology, this study 

ensures a systematic and replicable approach to reviewing the literature. The findings provide 

a compelling starting point for understanding the contributions of Interactive Labs to the 

advancement of science education, highlighting both their potential benefits and the 

challenges that need to be addressed in future research. 

RESULTS AND DISCUSSION 

Screening Protocol 

The outcomes of the document search conducted via the SCOPUS database using the 

primary search term "Interactive Labs in Science Learning" [TITLE-ABS-KEY (interactive 

AND labs AND in AND science AND learning)] are illustrated in Figure 2. It is important to 

highlight that during the preliminary search phase, no constraints were applied to the 

selection criteria for documents. These criteria encompassed various aspects such as 

publication year, subject domain, document format, publication status, source title, keywords, 

source category, and other pertinent factors.  

The data presented in Figure 2 indicates that, from 1967 to 2023, a total of 673 documents 

were discovered through keyword-based searches. These documents can be categorized into 
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various types, with articles comprising 45.50%, conference papers making up 40.30%, 

conference reviews accounting for 5.80%, book chapters constituting 4.30%, and 

miscellaneous categories like reviews, books, errata, editorials, and notes. In terms of subject 

areas, the identified documents span a range of disciplines, with 26.00% related to social 

science, 23.70% to computer science, 17.50% to engineering, 4.70% to mathematics, and the 

remaining percentage covering various other fields. 

 

Figure 2. Document identification results based on (a) all year, (b) all type, and (c) all subject area. 

Subsequently, a screening protocol is implemented, which imposes criteria based on the 

document's publication year and type. This step aims to ascertain that the materials 

scrutinized or employed as reference sources in this investigation are drawn from the most 

recent research within the last decade. Furthermore, in alignment with the study's objectives, 

the eligible document types primarily encompass journal articles and conference papers that 

pertain closely to the study's central theme. A visual representation of the document 

distribution, considering the imposed restrictions on publication year and document type, is 

depicted in Figure 3.  
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Figure 3. Document screening results based on: (a) last 10 years (2013-2023), (b) type (article and 

conference paper), and (c) all subject areas. 

The preliminary examination, confined to literature published between 2013 and 2023, 

retrieved a total of 360 records. Subsequent refinement, focusing on document classifications, 

led to the identification of 308 records, including articles (56.50%) and conference papers 

(43.50%). A subsequent scrutiny was carried out to ensure the alignment of these 308 records 

with the study's thematic focus, resulting in the curation of 257 documents, comprising both 

journal articles and conference papers, pertinent to diverse scientific disciplines. The final 

phase involved a manual curation process utilizing keywords pertinent to science education, 

covering disciplines such as physics, chemistry, and biology. Following this meticulous 

curation, 31 documents were selected as the primary materials for this review, thereby 

concluding the document selection process in accordance with the PRISMA guidelines.  

Thematic Analysis 

The thematic analysis of the selected documents revealed several key themes that 

underscore the impact of Interactive Labs on science education. This section synthesizes these 

findings, highlighting the benefits, challenges, and implications of integrating technology into 

educational practices. Table 1 provides a summary of the studies reviewed, categorized by 

learning area, technological intervention, and key findings. 
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Table 1. Materials selected for review comprising a collection of articles. 

No Author(s) 
Learning 

area 

Technological 

intervention 
Study highlights 

1 (Ng & Chua, 

2023) 

Physics PhET sims in full 

virtual environment 

PhET simulations have a significant 

impact on liking for theoretical 

physics lessons, evaluative beliefs 

about school physics, and tendencies 

in students' physics learning 

behavior. 

2 (Yakob et al., 

2023) 

Chemistry Authentic assessment 

instrument through 

virtual lab learning 

Authentic assessment instruments 

through virtual laboratory learning 

have an impact on improving 

students' scientific performance. 

3 (Suhirman & 

Prayogi, 2023) 

Physics PBL utilizing assistive 

virtual simulation  

The PBL model utilizing assistive 

virtual simulation can improve 

students’ critical thinking skills 

4 (Petersen et al., 

2023) 

Biology Immersive VR in 

teaching biology (cell 

structure and 

function) 

The augmenting a VR lesson with 

collaborative generative activities 

yielded superior learning outcomes 

compared to incorporating 

individual generative activities. 

5 (Sanzana et al., 

2023) 

Biology & 

Chemistry 

Gamified virtual labs The utilization of gamified virtual 

labs boosts student engagement, 

thereby facilitating knowledge 

acquisition through active 

participation. Gamified virtual labs 

may represent a promising 

pedagogical instrument for fostering 

interactive learning with minimal 

risk. 

6 (Sasmito & 

Sekarsari, 2022) 

Chemistry Virtual laboratory in 

chemistry course 

The virtual laboratory developed 

empirically has been proven to be 

used as a valid and effective learning 

media in increasing students' 

understanding and motivation 

regarding Exothermic and 

Endothermic Reactions material. 

7 (Prayogi et al., 

2022) 

Physics PhET-assisted inquiry 

in the context of 

ethnoscience in digital 

learning 

In implementing this system, it has 

been proven to improve students' 

critical thinking skills 

8 (Ibrahem et al., 

2022) 

Biology Virtual laboratory 

(Praxilabs) during the 

e-learning study 

Virtual laboratories have an impact 

on students' laboratory skills and 

cognitive load. 
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No Author(s) 
Learning 

area 

Technological 

intervention 
Study highlights 

9 (Xie et al., 2022) Chemistry Hybrid DingTalk-PBL 

with a virtual 

simulation 

DingTalk-based PBL combined with 

virtual simulation experiments is an 

effective teaching strategy in 

improving students' theoretical 

knowledge and experimental 

operational skills. 

10 (Zourmpakis et 

al., 2022) 

Physics Adaptive learning 

platform (Labster) 

Labster presents an adaptive 

learning environment where 

students can simulate physics 

experiments remotely. 

11 (Lee & Riedel-

Kruse, 2022) 

Biology Biological process 

simulation – Micro 

HBI 

Offer direct encounters with 

biological organisms and 

contemporary life sciences. 

12 (Verawati et al., 

2022) 

Physics Virtual simulation in 

modern physics 

course 

In its application, this system is 

proven to be able to improve 

students' reasoning performance. 

13 (Ali et al., 

2022b) 

Chemistry Virtual chemistry 

laboratory 

Assessments demonstrated that the 

Purpose-built Virtual Chemistry 

Laboratory, enhanced with arrow-

textual aids, resulted in notable 

improvements in students' 

performance across various 

dimensions, including the efficiency 

of experiment execution in terms of 

time and error reduction. 

14 (Ahmed & 

Hasegawa, 

2021) 

Science Unified online virtual 

laboratory platform 

(OVLP) 

OVLP can support real laboratory 

experimental learning in multi-

domain science learning. 

15 (El Kharki et 

al., 2021) 

Physics Virtual Laboratory for 

Physics Subjects 

The learning system provides a 

Moodle-based platform for online 

physics teaching that has a positive 

impact on learning outcomes. 

16 (De Jong et al., 

2021) 

Science Go-Lab: Digital 

inquiry–based science 

learning 

Educators create Inquiry Learning 

Environments (ILEs) tailored for 

online STEM learning, incorporating 

Go-Labs' virtual laboratories to 

enhance the experiential aspects of 

science courses through practical 

experiments. 

17 (Paxinou et al., 

2020) 

Biology 3D-VR Biology Lab 

(OnLabs) 

It is well worth training students on 

microscope procedures and their 

conceptual understanding. 
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No Author(s) 
Learning 

area 

Technological 

intervention 
Study highlights 

18 (Price & Price-

Mohr, 2019) 

Physics 3D virtual physics 

laboratory simulation 

experiments (PhysLab) 

The application of the PhysLab 

system can motivate students in 

physics experiments, 

19 (Su & Cheng, 

2019) 

Chemistry Virtual Reality 

Chemistry Laboratory 

The virtual chemistry laboratory has 

a substantial impact on students' 

academic performance and serves as 

a motivating factor in their 

engagement with the subject of 

chemistry. 

20 (Wu et al., 

2019) 

Chemistry Virtual titration 

laboratory experiment 

The virtual reality chemistry lab has 

the potential to boost and bolster 

users' confidence in learning when 

utilized at appropriate levels of 

intensity. 

21 (Reilly & Dede, 

2019) 

Science Inquiry-based 

immersive virtual 

world 

Studies have explored ways in which 

time-stamped group action log files 

enable the automatic generation of 

formative support in science learning 

22 (Miyamoto et 

al., 2019) 

Biology Virtual Lab for 

Biology Teaching in 

Laboratory  

It’s effective in encouraging students 

in active learning and improving 

their performance in biology 

laboratories. 

23 (Ghoniem et 

al., 2018) 

Physics Intelligent object-

oriented 3D 

simulation 

This simulator was developed to 

support physics practicum in a 

virtual environment. The application 

results show that the simulator 

contributes positively to student 

performance in physics experiments. 

24 (Faulconer & 

Gruss, 2018) 

Chemistry Online science 

laboratory experiences 

Participating in distance science 

laboratory experiences offers 

advantages by reducing operational 

and maintenance expenses, fostering 

growth opportunities, and enhancing 

safety for its participants. 

25 (Arista et al., 

2018) 

Physics Virtual Physics 

Laboratory 

(ViPhyLab) in 

Smartphone 

Application 

This application can increase student 

learning independence and 

understanding of physics concepts. 

26 (Hossain et al., 

2018) 

Biology Inquiry via Interactive 

Biology Cloud Labs 

Cloud laboratory technology has the 

potential to facilitate widespread, 

authentic, inquiry-based science 
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No Author(s) 
Learning 

area 

Technological 

intervention 
Study highlights 

education, while also encapsulating 

the fundamental tenets of technology 

design, user interface optimization, 

and the effective delivery of online 

laboratory experiences and inquiry-

driven courses. 

27 (Gunawan et 

al., 2017) 

Physics Electricity virtual labs Its implementation in the classroom 

can improve students' problem-

solving skills in the electricity 

concept 

28 (Daineko et al., 

2017) 

Physics Virtual laboratories in 

universities physics 

courses 

Virtual laboratory software artifacts 

can be integrated into the curriculum 

to help university students master 

physics concepts. 

29 (Jagodziński & 

Wolski, 2015) 

Chemistry Natural User 

Interfaces (NUI)-

Kinect in virtual 

chemical laboratory 

Utilizing a virtual laboratory with 

the NUI-Kinect fosters heightened 

emotional engagement and an 

enhanced perception of self-efficacy 

in laboratory tasks for students. This, 

in turn, leads to improved academic 

performance and heightened interest 

in the field of chemistry among 

students. 

30 (Winkelmann 

et al., 2014) 

Chemistry Virtual world 

chemistry experiment 

Virtual experiments can be 

completed in significantly less time 

compared to in-person experiments, 

while yielding lab report results that 

are on par with those from 

traditional in-person experiments. 

31 (Bonser et al., 

2013) 

Biology Virtual microscopy: 

Innovative practical 

exercises 

Virtual microscopy employs high-

resolution digital "virtual slides," 

enabling students to examine 

microscope sections without the 

need for advanced skills in glass 

slide preparation. 

Benefits of Interactive Simulations and Virtual Laboratories 

A prominent theme identified is the positive influence of interactive simulations and 

virtual laboratories on students' learning experiences. For instance, Ng and Chua (2023) 

highlighted the significant impact of PhET simulations on students' attitudes toward 

theoretical physics lessons, improving their evaluative beliefs and learning behaviors. 

Similarly, Yakob et al. (2023) found that authentic assessment instruments in virtual labs 
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enhanced students' scientific performance in Chemistry. These studies suggest that interactive 

simulations can make complex scientific concepts more accessible and engaging, fostering a 

deeper understanding and retention of knowledge. 

The use of gamified virtual labs, as explored by Sanzana et al. (2023), further supports 

this notion. Their study demonstrated that gamified virtual labs boost student engagement 

and facilitate knowledge acquisition through active participation. This approach not only 

makes learning more enjoyable but also encourages students to take an active role in their 

education, which can lead to improved academic outcomes. 

Role of Virtual Reality (VR) and Augmented Reality (AR) Technologies 

Another significant theme is the role of VR and AR technologies in creating immersive 

and interactive learning environments. Petersen et al. (2023) demonstrated that immersive VR 

in teaching biology, particularly when combined with collaborative generative activities, 

leads to superior learning outcomes. The use of VR in teaching complex biological processes, 

such as cell structure and function, provides students with a tangible and engaging way to 

explore these concepts. 

Similarly, studies by Su and Cheng (2019) and Wu et al. (2019) highlighted the 

substantial improvements in students' academic performance and engagement in Chemistry 

when using VRCL. These findings indicate that VR and AR can transform traditional science 

education by offering dynamic and engaging ways to learn, which are particularly effective 

in enhancing students' understanding and interest in the subject matter. 

Integration of Inquiry-Based Learning Approaches 

The integration of inquiry-based learning approaches with virtual simulations is 

another critical theme. De Jong et al. (2021) and Gunawan et al. (2017) showed that these 

methods could significantly improve students' critical thinking and problem-solving skills in 

Science and Physics. By encouraging students to actively engage in the learning process and 

explore scientific concepts through inquiry, these approaches promote deeper cognitive 

processing and better retention of knowledge. 

For instance, De Jong et al. (2021) utilized the Go-Lab platform to create digital inquiry-

based learning environments, which allowed students to conduct virtual experiments and 

develop their scientific reasoning skills. Similarly, Gunawan et al. (2017) demonstrated that 

the use of electricity virtual labs in Physics improved students' problem-solving abilities by 

providing them with hands-on experiences that are often challenging to replicate in 

traditional classroom settings. 

Innovative Interfaces and Emotional Engagement 

Studies exploring innovative interfaces, such as Natural User Interfaces (NUI) with 

Kinect in virtual chemical laboratories, underscore the importance of technology in enhancing 

students' emotional engagement and self-efficacy. Jagodziński and Wolski (2015) found that 

utilizing NUI-Kinect fostered heightened emotional engagement and an enhanced perception 
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of self-efficacy in laboratory tasks. This, in turn, led to improved academic performance and 

a heightened interest in Chemistry among students. These findings suggest that innovative 

technological interfaces can play a crucial role in making science education more engaging 

and effective. 

Addressing Accessibility and Equity in Science Education 

Interactive Labs also hold promise in addressing accessibility and equity issues in 

science education. Many students, particularly those in underserved communities, lack access 

to well-equipped laboratories and materials. Virtual laboratories and simulations can level the 

playing field by providing all students with the opportunity to engage with scientific 

phenomena, regardless of their geographic location or socioeconomic status. 

For example, Hossain et al. (2018) demonstrated that cloud-based interactive biology 

labs could facilitate widespread, authentic, inquiry-based science education. This approach 

not only democratizes access to high-quality educational resources but also aligns with the 

principles of equity and inclusivity that are increasingly emphasized in educational policies 

globally. 

Potential Challenges and Limitations 

Despite the myriad advantages associated with Interactive Labs, there are several 

challenges that educators and researchers must address. One notable issue is the authenticity 

of the learning experience. Some educators and students may perceive virtual experiments as 

less "real" compared to hands-on laboratory work, which could affect their engagement and 

learning outcomes. Additionally, technical glitches and the necessity for adequate teacher 

training in utilizing these resources effectively pose significant barriers to the successful 

implementation of Interactive Labs. 

Stahre Wästberg et al. (2019) emphasized the importance of comprehensive teacher 

training programs to ensure that educators can effectively integrate and utilize these 

technological tools in their teaching. Without proper training, teachers may struggle to fully 

harness the potential of Interactive Labs, limiting their impact on student learning. 

Comparative Analysis and Critical Evaluation 

The comparative analysis of the studies reviewed provides valuable insights into the 

impact of various technological interventions on science education. While the positive impacts 

of Interactive Labs are well-documented, it is essential to critically evaluate the limitations 

and potential biases in the reviewed literature. Many studies rely on small sample sizes or 

specific demographic groups, which may limit the generalizability of the findings. 

Additionally, the reliance on self-reported data in some studies introduces the possibility of 

response bias. 

For instance, studies funded by technology companies might overstate the benefits of 

their products. Researchers' prior beliefs about the effectiveness of Interactive Labs could also 

influence their interpretation of the results. Acknowledging these limitations and biases is 
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crucial for interpreting the findings accurately and contextualizing them within the broader 

literature. 

CONCLUSION  

The extensive review of Interactive Labs within science education underscores their 

significant potential to transform educational practices and outcomes. These technological 

interventions, ranging from virtual reality (VR) to gamified labs, not only enhance the 

comprehension of complex scientific concepts but also promote engagement and retention 

among students. For instance, virtual labs have been shown to provide accessible and 

dynamic learning environments that cater to various educational levels and settings, from 

primary education to professional development. These labs offer hands-on experiences that 

are critical in fostering critical thinking and problem-solving skills, which are essential for 

students to navigate and contribute to the scientific landscape effectively. However, despite 

the promising advantages, the integration of Interactive Labs into science education is not 

without its challenges. Issues such as the perceived authenticity of virtual experiments and 

the need for substantial teacher training must be addressed to fully realize the potential of 

these innovative educational tools. 

Moreover, the benefits of Interactive Labs extend beyond individual student outcomes, 

influencing broader educational policies and practices. They hold the promise of 

democratizing science education, making high-quality learning experiences accessible to 

students in remote or underserved areas. This can significantly impact educational equity, 

providing all students with opportunities to engage deeply with science, irrespective of their 

geographical or socioeconomic circumstances. As the body of empirical evidence grows, it 

becomes increasingly clear that Interactive Labs can play a pivotal role in preparing students 

for the demands of the 21st century, equipping them with the knowledge and skills to face 

global challenges. Therefore, continued research and investment in this area are crucial to 

further harness and optimize the capabilities of Interactive Labs, ensuring they meet the 

diverse needs of students and educators alike. 

LIMITATION  

This review, while comprehensive, is not without limitations. One significant constraint 

is the reliance on studies that may have narrow demographic focuses or utilize small sample 

sizes, potentially limiting the generalizability of the findings. Additionally, many studies 

reviewed depend heavily on self-reported measures, which can introduce biases such as 

overreporting of positive outcomes or underreporting of challenges. Furthermore, the rapid 

evolution of technology means that the findings from earlier studies may not entirely capture 

the capabilities and challenges of newer Interactive Lab technologies. Therefore, while the 

results are promising, they should be interpreted with caution, considering these limitations 

in scope and methodology. 
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RECOMMENDATION  

Given the identified potential and limitations of Interactive Labs in science education, it 

is recommended that future research focus on longitudinal studies to better understand the 

long-term impacts of these technologies on student learning and career trajectories. 

Additionally, there should be an emphasis on expanding the demographic diversity of study 

participants to enhance the applicability and relevance of the findings across different 

educational contexts. Efforts should also be made to improve the methodological rigor of 

research in this area, perhaps by incorporating more controlled experiments and objective 

performance metrics. Such steps will help in building a more robust evidence base, which can 

guide educators and policymakers in effectively integrating and leveraging Interactive Labs 

to enhance science education globally. 
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