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Abstract 

The remote laboratory has emerged as a ground-breaking technology in life-science education and offers relative 
solutions to the traditional hands-on laboratory by offering ethical, accessible and technology-driven alternatives 
to traditional hands-on laboratories. Through the features of virtual simulation, VR/AR, cloud-controlled 
microscopy, interactive modules, and live-streamed experiments all are able to use these platforms to participate 
in observational research, anatomy, behavioral studies, and procedural training without handling living animals. 
This type of experience improves conceptual knowledge, procedural proficiency and analytical ability as well as 
ethical consciousness without being inconsistent with the principles of rejplacement, reduction and refinement 
(3Rs). Remote behavioral experiments give the chance to manipulate environmental factors and to observe real-
time responses of animals, which can train critical thinking and experimental design skills and train repeated 
practice and knowledge support with virtual dissection and 3-D anatomical models. The application of 
technological advancements such as gamification, adaptive learning as well as scenario-based modules impact 
engagement, motivation, and personal learning opportunities. Although it has some disadvantages like less tactile 
feedback, technical conditions, latency constraints, and lack of other collaborative functions, remote laboratories 
offer scalable, reproducible, and safe learning experiences to geographically dispersed or resource-constrained 
students. On the whole, these platforms present a sustainable, ethical, and practical remedy towards life-science 
education and can be improved by further developments in the form of more effective haptically enhanced 
feedbacks, collaborative applications and standardized evaluation systems to streamline the learning experience. 
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1. INTRODUCTION 
Life-science education has continuously been using laboratory experiences as a traditional tool 
to help students gain practicality, conceptual and ethical awareness1. The use of laboratories 
enables the learner to study, feel and probe biological specimens thereby providing an 
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experience-based learning which is important in the study of complex biological processes. 
Nonetheless, traditional laboratory environments also have some drawbacks, such as issues 
with ethics with regard to the usage of living animals, high cost of operation, lack of 
accessibility by those learners located in different geographic areas and the logistical issues of 
maintaining equipment and specimens. To address these difficulties, remote lab experiences 
have expected to be a highly promising solution and exploit technology to offer students 
realistic, interactive, and ethically justified learning experiences, without the need to step foot 
in the laboratory. These distant platforms include virtual simulations and cloud-based 
microscopy, VR/AR worlds, and live-streamed experiments, which have increased access to 
and the range of life-science education helping engage more and more students2. 

Figure 1: Remote Laboratory Experiences3 

The ultimate goal of this review is to investigate the current condition of the remote laboratory 
experiences in life-science teaching that is particularly focused on animal-based experiments 
and assess the effects of the work on both learning gains and student access4. In the following 
review, I set out to synthesize the recent research findings on the methods and technology used 
and the outcomes of education related to remote labs with an aim of identifying their 
advantages and the limitations. The potential of these innovations is crucial in the 
understanding of educators, policymakers and institutions that would like to promote science 
education without undermining ethical values of education and encouraging equality of access. 
The significance of this topic can be seen in the possibility of transforming the traditional 
laboratory pedagogy so as to offer sustainable, scalable, and effective options, which would 
allow preparing students to academic, as well as professional scientific practice5. 
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1.1 Background Information and Context 
Remote laboratories have revolutionized life-science education through the incorporation of 
cutting-edge technologies, which enable learners to participate in experimental manipulations, 
behavioural experiments, anatomical studies and microscopy without having physical contact 
with biological objects. Using virtual simulations, VR/AR environments, microscopes that can 
be controlled using clouds, and live-streamed experiments, these laboratories recreate 
traditional practical experience and overcome ethical considerations in animal experiments by 
means of replacement, reduction, and refinement (3Rs). They also break down logistical and 
infrastructural boundaries and offer high-quality laboratory learning to geographically 
distributed students and others with limited resources. Remote laboratories with the integration 
of technology and pedagogy offer safe, sustainable, and inclusive learning communities that 
improve understanding of concepts, procedural skills, and ethical sensitivity6. 

1.2 Objectives of the Review 
The review aims to: 

• To evaluate the impact of remote animal-based laboratories on students’ conceptual 
understanding, procedural skills, and analytical abilities. 

• To examine how remote laboratory technologies (VR, AR, cloud microscopy, live-
streamed experiments) enhance accessibility, engagement, and ethical compliance in 
life-science education. 

• To analyze the effectiveness of remote laboratories in promoting ethical awareness 
through adherence to the principles of replacement, reduction, and refinement (3Rs). 

• To identify the strengths, limitations, and challenges of implementing remote 
laboratories in diverse educational settings. 

• To provide recommendations and future directions for integrating technological 
innovations, collaborative tools, and assessment frameworks to optimize learning 
outcomes. 

1.3 Importance of the Topic 
The field of remote laboratory experience is essential to the development of the life-science era 
because it solves the problem of the increasing need in ethical, available, and technologically 
oriented learning. These laboratory centers help students to acquire practical knowledge, 
theoretical knowledge, and analytical skills without subjecting animals to mistreatment, thus 
providing this kind of education in accordance with modern ethical principles. In addition, 
remote labs broaden the opportunities to learners in different geographic and institutional 
environments, by surpassing the obstacles of resource constraints, infrastructure, and 
accessibility. It is possible that by knowing the pedagogical advantages and difficulties of these 
platforms, educators can implement better, more interesting, and inclusive learning methods. 
It also aids sustainable education processes by cutting the reliance on the physical specimen as 
well as laboratory space so that a high quality of science education can be made available 
equally to a wider range of students7. 
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2. REMOTE ANIMAL-BASED LABORATORIES: TECHNOLOGIES, 
METHODOLOGIES, AND CRITICAL EVALUATION 

There are various technologies involved in remote animal-based laboratories in order to offer 
genuine learning experience without being on-site8. Examples of these are remote-controlled 
behavioral laboratories to study live animal behavior, virtual and VR learning environments, 
simulation of other organisms and medical operations with remote-controlled laboratories, 
remote experimentation using invertebrates, cloud microscopes to view tissues or cells, and 
internet dissections. Those techniques can boost observational, procedural, and conceptual 
abilities and keep ethical standards but have drawbacks, including low tactile feedback, 
technical aspects, and interactivity. 

 

Figure 2: Remote Animal-Based Laboratories9 

Some of the strengths of these laboratories include ethical conformity, access, safety, 
repeatability, cost effectiveness, and outcome in terms of learning10. Nonetheless, there are still 
issues (notably lack of realism in simulations), technical issues, absence of long-term 
assessment, lack of collaboration tools, logistical problems with physical kits and latency in 
distance experiments. On the whole remote animal-based laboratories are a safe and scalable 
way to teach life-science with an effective balance between learning and both ethical and 
practical aspects11. 

2.1 Key Studies and Methodologies 
Laboratories based on animals are distant and use a wide range of technology to deliver genuine 
experiences in learning without being physically present. Motorized behavioral laboratories 
enable students to witness first-hand animal behavior and manipulate selected experiment 
variables to improve abilities in observational and data analysis in spite of the low levels of 
interactivity12. Animal handling, experimental work, anatomy Virtual and VR platforms 
provide repeatable, scaleable, ethically compliant practice, but lacks in tactile feedback and 
realism. Remote lab kits are allowing practical lab experiments such as experimentation of 
invertebrate specimens in the comfort of the home and cloud-controlled microscopes are also 
possible where animal tissues or cells can be looked and analyzed remotely. Also, dissections 
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streamed live can be used in practice to offer visual feedback and procedural understanding but 
without any physical manipulation. 

• Remote behavioral laboratories: The behavioral laboratories can be made to operate 
remotely where students can witness the behavior of the animals and also be in control 
of some of the parameters used in the experiments through video feeds. Such 
arrangements offer real practical experience without having to be physically present in 
the laboratory. The beneficial outcomes reported are improved ability to observe and 
competence to analyze data. Weak interactivity, delays in live feeds and scope of 
experiment are limitations13. 

• Virtual and VR platforms for animal anatomy and experimentation: VR 
simulation and virtual environments reproduce the manipulation of animals, 
experiments, and anatomical research. In this way, students can learn ethical principles 
without using animals in practice, which can be performed on immersive content and 
practice applying the method of working with the environment simulator. They have 
the advantages of repeatability, compliance with ethics, scalability, and enhanced 
conceptual perception. Issues to overcome are tactile feedback, possible technical 
hitches and fluctuating realism. 

• Remote lab kits in invertebrate biology: Remote kits enable students to carry out 
experiments on invertebrates either at home or even remotely. Students complain less 
of reduced activities and procedural knowledge as well as confidence. Such limitations 
include logistic problems, transportation, safety, and cost. 

• Remote microscopy / cloud-controlled microscopes: Microscopes with a cloud 
connection can be used to view and analyze host tissue, cell, or embryo samples 
remotely. Advantages are wide accessibility, use of real world data and learning by 
project. There are shortcomings like not engaging the other person physically and not 
depending on network connection and sensory information14. 

• Remote dissection demonstrations: Online videos recording animal dissections 
enable the students to control and view what is being done, without physical interaction. 
These means offer genuine visual impression and do not break the emotional 
participation. There is no hands-on manipulation and video quality. 

2.2 Critical Evaluation: Strengths and Weaknesses 
Remote laboratories on animals make learning accessible, safe, and ethical, which minimizes 
the usage of live animals, facilitates repeated experience, and improves conceptual and 
procedural knowledge15. They are flexible and economical and can be used in a wide 
educational system. Nevertheless, the drawbacks are less realism in VR and simulations, 
technical considerations, such as lapses in long-term evaluation, lacking collaboration utilities, 
logistical challenges posed by real-life kits, and latency was found in remote experiments16. 

• Strengths 
Isolated animal laboratories have a number of benefits. They facilitate ethical adherence in 
terms of decreasing or even cancelling the usage of live animals, which is relevant to the current 
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animal welfare principles. They enhance the level of accessibility such that students in other 
places or institutions that do not use animals are allowed to take part in experiments. The 
practice is safe and repeatable, and a learner is able to rehearse a procedure several times 
without endangering animals. Remote labs are economical too since the long-term nature of 
them saves on the cost of housing, upkeep, and the facility of animals and laboratory. Notably, 
they can be used to add value to learning, improve conceptual knowledge, procedural skills, 
and ethical knowledge in the students17. 

• Weaknesses  
The remote labs have a number of shortcomings regardless of their advantages. Lack of fidelity 
in VR and simulations imply that no fidelity is possible regarding tactile or subtle behavioral 
cues. It may be limited due to technical barriers, which can be special hardware, access to good 
internet and technical knowledge. Most research indicates high rates of assessment gaps, and 
there are no standardized and long term evaluation strategies to evaluate learning outcomes. 
There are restrictions to collaboration in that a number of remote labs fail to incorporate tools 
of group-based or peer learning. Physical kits logistics can be complicated and expensive 
because of shipping and handling. Lastly, live remote experimentation Latency in the case of 
live remote experimentation can also impact interactivity and real-time observation, which 
diminishes the immediacy of learning experiences18. 

3. THEMATIC ANALYSIS OF REMOTE ANIMAL-BASED LABORATORY 
PRACTICES 

Remote animal-based workstations are also ethical, safe, and accessible learning settings, with 
the use of virtual simulations, VR environments, and interactive modules. They uphold the 
standards of replacement, reduction and refinement (3Rs) to enable the student to acquire 
useful knowledge and skills without manipulating living animals, whilst, creating an ethical 
consciousness and responsible conduct in science. Remote behavioral laboratories provide 
students with the ability to control the environment and observe real-time responses in animals 
to practice data analysis and observation, but virtual dissections and 3D anatomy models 
provide safe, controlled methods to learn anatomy and to reinforce their conceptual 
knowledge19. 

Also, procedural skills, which include handling of animals, injections, PPE usage and lab 
safety, are trained in VR simulations and interactive modules whereby confidence and practical 
competence is achieved in a controlled setting. Cloud-based and remote microscopy systems 
further promote learning by enabling the students to view and study tissues, cells, embryos 
remotely and assist project-based learning and critical thinking. Though the physical contact is 
restricted, these technologies all offer alternative solutions to the standard hands-on animal labs 
with practices that are scalable, ethical, and effective20. 

3.1 Ethics and the 3Rs 
Animal-based life sciences that use remote laboratories highly follow the principle of 
replacement, reduction, and refinement (3Rs). Replacement On the one hand, it can be called 

76



             SS Journal of Interconnected Education and Life Sciences (SSJIELS) 

 ISSN: 3107-6351 | Vol. 01, Issue-03, Sep-Dec. 2025 | pp. 71-86 
 
 

                                           
SS Journal of Interconnected Education and Life Sciences (SSJIELS) 

 ISSN: 3107-6351 | Vol. 01, Issue-03, Sep-Dec. 2025 | pp. 71-86 
 

 

the substitution of living animals by the available alternatives, i.e., virtual simulations, VR 
environments, and interactive digital modules. Based on minimizing the amount of live animals 
required to achieve education goals, reduction and refinement are used to reduce the number 
of animals cause harm or stress during use. Through remote laboratory, students learn by 
hands-on skills and experience without necessarily being in touch with live animals, which is 
a concern of ethics and social expectations on animal rights. Such methods can also be a way 
of instilling ethical reasoning, good decision-making and the relevance of humane 
manipulation within scientific studies. In the long term, integrating ethics in remote learning 
will create a sustainability-respect-accountability culture in life-science learning21. 

 

Figure 3: Ethics and the 3Rs Principles22 

3.2 Behavioral Observation and Experimental Control 
The remote-controlled behavioral laboratories provide students with a chance to interact with 
live animal experiments with the help of digital platform. The learners get the opportunity to 
control the environmental stimuli (e.g.: lighting, temperature, or interaction cues) and note the 
behavioral changes in real time23. Such experimenting enables the students to have good skills 
in analysis and observation because they have to observe, record, and analyze some subtle 
behaviors of animals at a distance. Although it lacks the aspect of touching or collaborative 
activities, having the power to manipulate the characteristics of the experiment gives real 
practical experience in the realm of experiment design, gathering precise data, and drawing 
evidence-based conclusions. These are essential competencies in learning about the behavior 
of animals, experimental design, and scientific investigation, and being ethically compliant24. 

3.3 Anatomy and Dissection 
The virtual dissection or remote dissection tools provide a valid substitute to study anatomy of 
animals using live animals without causing harm. Such tools may involve live-streamed 
dissections conducted by tutorials, high-quality videos, and interactive 3D models of the 
anatomic fittings. Learners can get the visual representation of organs, tissues, and systems 
which improve their mental learning of anatomy25. Even though physical manipulation of 
specimens is not possible under these methods, limiting the acquisition of tactile-related 
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processing of complex anatomical relationships, they remain reproducible, safe, and ethically 
acceptable. Moreover, virtual dissections can be simulated many times; this allows students the 
benefit of learning at their own speed and helps in increasing retention of information. 

 

Figure 4: Dissection of the Rat26 

3.4 Procedural Skills and Animal Handling 
VR simulations and other interactive module applications are prevalent in teaching student’s 
component laboratory skills, such as working with small animals, injection, wearing personal 
protective equipment (PPE), and observing safety guidelines in the laboratory. These systems 
can be used to practice repeatedly in a controlled and risk-free setting, which is especially 
handy with the novice or in schools that do not have access to live-animal facilities. Through 
being provided with simulation of real-world conditions, learners build confidence, accuracy 
in procedures, and familiarity to the normal lab procedures. More so, by incorporating such 
simulations in the remote labs, one can guarantee the upholding of ethical principles, without 
subjecting a student to handling a living animal when, nevertheless, ready them to work in a 
professional laboratory27. 

3.5 Microscopy and Imaging 
Remote and cloud-based microscopy services give learners access to the possibility of viewing 
and reviewing the tissues, cells, and embryos of animals anywhere. The students can usually 
manipulate the imaging, focus, and magnification in these tools, which helps them to learn how 
to do different procedures and analyze the data. Remote microscopy is also useful in those 
institutions that are mostly affected in access to physical lab equipment; this makes it more 
accessible and safer. The lack of the touch sensory experience and the ability to manipulate 
microscopes by hand inhibits the creation of hands-on methods of microscopy, though. In spite 
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of that, remote microscopy promotes project-based learning, critical thinking, and exposure to 
high-quality imaging information, which is why it should be an effective addition to other 
virtual laboratory experiences. 

4. TECHNOLOGICAL INTEGRATION AND INNOVATION 
The incorporation of technology into remote animal-based laboratories has become a staple of 
this model, and has altered how students are taught lessons in the life-sciences. High-tech 
digital technology including virtual reality (VR) and augmented reality (AR) and interactive 
simulation systems can help learners study the complex anatomy, physiology, and behavioral 
experiments of animals without physically touching the animals. The technologies offer all-
immersive and interactive opportunities and help students to have control over virtual 
specimens, simulate the process of experiments, and see the results on a real-time basis. Using 
these tools, educational institutions can provide a high level of customization of learning 
experiences that must meet the needs of various types of learners, including aspiring or high-
level learners, without sacrificing their ethical principles and ensuring the development of 
human education28. 

Remote laboratory innovation also makes its approach to behavioral and experimental control. 
Remote controlled systems enable them to control environmental stimuli and log real-time 
responses of animals using a camera and digital interface. This is a technological effort that 
offers the true authenticity of data collection and analysis without necessitating the student 
physically in a laboratory. These systems, combined with cloud-based data storage and real-
time monitoring, are not only beneficial to improve learning outcomes but are also necessary 
to resemble and standardize learning environment across various learning settings. More so, 
data visualization and analytics tools would enable students to interpret intricate behavioral 
patterns, which will consolidate essential thinking and experimental design abilities. 

Remote anatomical studies and microscopy is another major field of development of 
technology. Digital imaging platforms and cloud-controlled microscopes can allow learners to 
view tissues, cells, and embryos at remote locations, provide procedural and analytical learning 
opportunities. The complex visual and conceptual information on anatomy on interactive 3D 
models and high-resolution live-streamed dissections can be repeated several times to enhance 
learning. These devices decrease the need to rely on physical samples and laboratory facilities 
and also become more accessible to learners in environments with scarce resources. Also, these 
platforms offer greater engagement, motivation, and knowledge retention by incorporating 
gamification aspects and scenario-based learning units29. 

Lastly, the technological integration aids in collaborative and scalable education. Online 
discussion tools, cloud-based platforms and virtual laboratories enable a number of learners to 
observe the same experiment at the same time, creating peer interaction, group analysis and 
problem-solving in groups. Automated feedback, assessments, and progress tracking can also 
be included in remote laboratories to offer educators information-based insights to better 
customize the instruction to specific learning requirements30. All these innovations show how 
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technology may be utilized to fill the gap between ethical concerns and the access and high-
quality experiential learning in animal-based life-science teaching, and how remote labs can be 
a viable and sustainable alternative to real-life laboratories. 

Table 1: Summary of Studies on Virtual Laboratories in Science Education31 

Author(s) & 
Year 

Study Focus Focus Area Methodology Key Findings 

Radhamani 
et al. 

(2021)32 

Usage, behavior, 
intention, and 
adoption of 

virtual 
laboratories 

Laboratory 
skill 

education 
pre- and 

post-COVID-
19 

Survey-based 
study 

Virtual lab usage 
increased during 

COVID-19; 
engagement and 
adoption were 

positively influenced 
by perceived 

usefulness and 
accessibility 

Ray & 
Srivastava 

(2020)33 

Virtualization of 
science 

education 

Continuity of 
experiential 

learning 
during 

COVID-19 

Descriptive 
analysis 

Digital lab platforms 
ensured continuity of 

science education; 
challenges included 

limited hands-on 
practice and 

technological 
disparities 

Reeves & 
Crippen 
(2021)34 

Systematic 
review of virtual 
laboratories in 
undergraduate 

courses 

Science and 
engineering 
education 

Systematic 
literature 

review (2009–
2019) 

Virtual labs enhanced 
conceptual 

understanding, 
engagement, and 

learning outcomes; 
integration with 

traditional labs was 
recommended 

Reyes et al. 
(2024)35 

Merits, 
challenges, and 
implementation 

strategies of 
virtual labs 

Experiential 
science 
learning 

Narrative 
account 

Benefits included 
flexibility, scalability, 

and safe 
experimentation; 

challenges included 
technological 

limitations, instructor 
readiness, and need 
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for pedagogical 
alignment 

Shambare, 
B. (2023)36 

Teacher 
perceptions and 
experiences of 

virtual 
laboratories 

Rural life 
sciences 
teaching 

Qualitative 
study 

(Doctoral 
dissertation) 

Teachers recognized 
potential for 

engagement and 
resource mitigation; 

barriers included 
infrastructure, 

technical support, and 
need for professional 

development 
5. DISCUSSION 

Remote animal based labs offer greatly important learning opportunities because they 
prominently advance conceptual knowledge, procedural expertise, as well as analytical talent 
and remain within the limits of ethical conduct practices37. VR simulations and microscopes 
controlled by the cloud along with interactive modules and dissections that can be live streamed 
enables students to experience behavioural studies, anatomical studies and procedural training 
without direct interaction with animals, although the tactile feedback is still very limited. The 
barriers covered by these platforms are associated with ethics, accessibility, and logistics, and 
provoke scalable, reproducible, and engaging learning experiences. Nevertheless, technical 
requirements, gaps in long-term assessment, fewer hands-on and collaborative opportunities, 
and latency problems can be called limitations. The future directions include the need to 
enhance the haptic feedback, incorporation of collaboration tools, standardization of 
assessments as well as the need to make them more accessible so that remote labs remain 
effective, inclusive and ethically responsible in delivering life-science education. 

5.1 Interpretation of Findings 
The discussion of animal-based laboratory experience at a distance shows that the latter offers 
a significant educational value without violating the moral principles. Remote laboratories 
which consist of a spectrum of VR simulations, in-cloud controlled microscopes, interactive 
modules, and live-streamed dissection increase conceptual knowledge, competencies, and 
analytical abilities withoutening physical contact with animals. Behavioral laboratories allow 
students to handle stimuli in the environment and live observations of responses, which leads 
to critical thinking and experimental design skills. Online dissecting and 3D anatomy models 
can be used to visualize complicated structures multiple times, and this allows a person to 
maintain the knowledge better. Whereas there is a drawback of tactile experience and physical 
manipulation, the repeated statements of enhanced engagement and procedural confidence 
emphasize the usefulness of remote labs as the alternatives to ordinary face-to-face 
laboratories38. 

5.2 Implications and Significance 

81



             SS Journal of Interconnected Education and Life Sciences (SSJIELS) 

 ISSN: 3107-6351 | Vol. 01, Issue-03, Sep-Dec. 2025 | pp. 71-86 
 
 

                                           
SS Journal of Interconnected Education and Life Sciences (SSJIELS) 

 ISSN: 3107-6351 | Vol. 01, Issue-03, Sep-Dec. 2025 | pp. 71-86 
 

 

Remote laboratories have overcome notable obstacles of life-science education such as ethical 
issues, accessibility issues and logistical issues. Following the 3Rs of replacement, reduction, 
and refinement (3Rs), such technologies facilitate humanistic approaches in education and 
equip students with specifics of working in laboratories. Their scalability and flexibility enables 
high standard learning to reach students in institutions that have geographical distribution or 
resource constraints. Also, the inclusion of technological advancements, including data 
analysis on a cloud, interactive simulations, and gamified learning, promotes motivation, 
engagement, and learning tailored to each person. Such platforms are also effective in 
promoting uniformity of learning results through standardized reproducible experiment 
facilitated by educators working in varied educational environments. 

5.3 Gaps and Limitations 
Notwithstanding the benefits, there are still a number of limitations. The tactile and sensory 
experience in physical laboratories cannot be completely created on remote labs, and it may 
affect training fine motor and handling skills. Something like the technical requirements such 
as availability of internet and special hardware might become the source of accessibility 
barriers to certain learners. The evaluation of learning outcomes can be done in the long term, 
and there is a lack of studies testing the retention, transfer of the skills, or effectiveness of 
collaborative learning. Interactivity and hands-on experience is also limited by latency in real-
time experiments and logistics in the physical shipping of physical kits. Additionally, a large 
number of remote platforms do not offer in-built facilities to facilitate group-based 
experiments, which curtail the possibility of using peers to collaborate and engage in learning 
together39. 

5.4 Future Directions 
In order to maximize the use of remote laboratory experience, the second-generation research 
will concentrate on increasing the level of tactile and haptic feedback within virtual laboratory 
experiments, subsequent collaboration technology, and, finally, standard assessment concepts 
to evaluate long-term acquisition benefits. More personalization and motivation of learners can 
be induced through the expansion of adaptive learning algorithm use, gamification, and the use 
of scenario-based modules. Also, the campaign to enhance affordability and accessibility of 
technological resources will promote equal participation. Knowledge retention, skills 
acquisition and the transferability of remote lab experiences to the real-life setting testing 
through longitudinal studies will offer much-needed information about the curriculum design 
and the types of pedagogical strategies to be further refined40. 

6. CONCLUSION 
There has been a new trend of remote laboratory education in life-science education that is 
increasingly being taught as an alternative to conventional hands-on laboratories providing 
ethically and technologically advanced alternatives to traditional hands-on labs that are both 
accessible and relatively inexpensive. Through virtual simulations, VR/AR devices, 
microscopy in the cloud, interactive lectures, and live events, these platforms enable students 
to use the platforms to experience behavioral research, anatomy, practice-based procedures, 
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and data analysis, without hands-on interaction with live animals. These experiences increase 
conceptual knowledge, analytical skills, procedural mastery and awareness of ethics and 
comply with the principles of replacement, reducing and refining (3Rs). Remote labs are 
effective in tackling large issues of the traditional model of lab education, such as ethical issues, 
expensive costs, infrastructure constraints, and limited access, and thus make high-quality 
learning related to life sciences scaled and accessible to students distributed geographically or 
resource constrained. Variations in tactile feedback, technical reliance, latency factors and 
limited opportunities to collaborate notwithstanding, these platforms have proven to provide 
quantitatively significant improvements in learning, greater engagement and procedural 
confidence. The further development of remote labs, enhancement of the haptic feedback, the 
inclusion of collaborative and adaptive learning environments, gamification, and standardized 
assessment systems do have much space to improve the results of students. On the whole, 
remote laboratories offer a sustainable, replicable and ethically sound means of life-science 
education, providing students with the knowledge, skills and ethical background to be 
successful academically and in professional scientific practice. 
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