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Virtual and traditional labs are equally effective

Research title:  Virtual laboratory vs. traditional 
laboratory: Which is more effective 
for teaching electrochemistry?

What they measured:  The effects of virtual laboratory 
methods compared to normal lab 
procedures.

Number of Participants:  196
Conclusion:  There were no significant 

differences in scores on either the 
pre-test, post-test, or the hands-on 
setup test. 

Source: Hawkins and Phelps, 2013

More research is needed

Research title:  A review of the use of virtual 
reality head-mounted displays in 
education and training

What they measured:  The educational applications of VR.
Number of Participants:  N.A. (meta-analysis)
Conclusion: Little can yet be concluded   
 regarding the retention of   
 the knowledge acquired in EVEs.  
 Longitudinal studies are necessary.
Source: Mikropoulos and Natsis, 2010

Immersive VR is more effective for transferring 

knowledge

Research title:  Motivational and cognitive benefits 
of training in immersive

 virtual reality based on multiple   
 assessments
What they measured:  The effectiveness of immersive 

virtual reality (VR) as a medium 
for delivering laboratory safety 
training by comparing an immersive 
VR simulation, a desktop VR 
simulation, and a conventional 
safety manual.

Number of Participants:  105
Conclusion: All three media were equivalent in  
 conveying the basic knowledge, but  
 significant differences were   
 observed favoring the immersive  
 VR group compared to the text   
 group on transfer tests on solving  
 problems in a physical lab setting.
Source: Makransky, Borre-Gude and Mayer,  
 2019

Are virtual labs as effective as 
traditional labs?
Cognitive outcomes 

Here is what some research studies comparing their 
cognitive outcomes have found

Students learned twice as much 

Research title:  Improving biotech education 
through gamified laboratory 
simulations

What they measured:  If gamified laboratory simulations 
motivate students and improve 
learning outcomes compared with 
traditional teaching methods.

Number of Participants:  111
Conclusion: Gamified laboratory simulations
 when used in combination with   
 traditional laboratories caused   
 students measured knowledge to  
 more than double.
Source: Bonde et al., 2014

There were no significant differences 

Research title:  Pedagogical Evaluation of Remote 

Laboratories in eMerge Project
What they measured:  The extent to which learning 

outcomes were achieved in a virtual
 compared to a traditional lab.
Number of Participants:  84
Conclusion:  Conducting experiments via the 

Internet is just as successful as 
conducting experiments in an 
actual laboratory.

Source: Lang et al., 2007
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What they measured:  Pre- to post- changes in knowledge, 
intrinsic motivation, and self-
efficacy, together with post-
intervention evaluation of the 
effect of the simulation on student 
understanding of everyday clinical 
practice were demonstrated.

Number of Participants:  300

Conclusion:  The simulation-based learning 
environment increased students’ 
learning, intrinsic motivation, and 
self efficacy, and increased the 
perceived relevance of medical 
educational activities.

Source: Makransky et al., 2016

Students found the virtual lab more motivating 

and interesting

Research title:  Virtual Learning Simulations in 
High School: Effects on Cognitive 
and Non-cognitive Outcomes and 
Implications on the Development 
of STEM Academic and Career 
Choice 

What they measured:  The value of using a virtual learning 
simulation compared to traditional 
lessons and investigated if the 
virtual learning simulation could 
serve as a catalyst for STEM 
academic and career development.

Number of Participants:  128

Conclusion:  Virtual learning simulations are 
at least as efficient in enhancing 
learning and self-efficacy as 
traditional lessons, and can be used 
as supplementary educational 
methods. Also, virtual learning 

simulations may be a useful tool 
in enhancing student’s interest in 
STEM related careers.

Source: Thisgaard and Makransky, 2017

There is plenty of potential for learning in 3D 

environments

Research title:  Educational virtual environments: 
A ten-year review of empirical 
research (1999–2009)

What they measured:  The potential learning benefits 
of three  dimensional (3 D) virtual 
learning environments.

Number of Participants:  N.A. (meta-analysis)

Conclusion:  There are a series of learning 
affordances of such environments, 
including the facilitation of tasks 
that lead to enhanced spatial 
knowledge representation, greater 
opportunities for experiential 
learning, increased motivation/
engagement, improved 
contextualisation of learning and 
richer/more effective collaborative 
learning as compared to tasks 
made possible by 2 D alternatives.

Source: Dalgarno and Lee, 2010

Are virtual labs as effective as 
traditional labs?

Cognitive and non-cognitive 
outcomes
Here is what some research studies comparing the 
non-cognitive outcomes have found

Virtual labs are just as effective as face-to-face 

labs

Research title:  Virtual Simulations as Preparation 
for Lab Exercises: Assessing 
Learning of Key Laboratory Skills in 
Microbiology and Improvement of 
Essential Non-Cognitive Skills

What they measured:  If a virtual laboratory simulation 
(vLAB) could be used to 
replace a face to face tutorial 
(demonstration) to prepare 
students for a laboratory exercise 
in microbiology.

Number of Participants:  189

Conclusion:  There were no significant 
differences between the two 
groups on their lab scores, and both 
groups had similar increases in 
knowledge of microbiology, intrinsic 
motivation to study microbiology, 
as well as self-efficacy in the field of 
microbiology.

Source: Makransky et al., 2016

Simulations increase learning, motivation, self 

efficacy and perceived relevance

Research title:  Simulation based virtual learning 
environment in medical genetics 
counseling: an example of bridging 
the gap between theory and 
practice in medical education 
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How does increasing the 
immersion of a virtual learning 
experience affect  
cognitive outcomes? 

Research on the effectiveness of immersive VR other 
than anecdotal experience is hard to come by due to 
the newness of VR in education. However, a handful 
of studies have compared the impact of desktop VR 
and more immersive HMDs on learning outcomes, and 
here is what they have found: 

HMDs are useful for skill acquisition

Research title:  A review of the use of virtual 
reality head-mounted displays in 
education and training 

What they measured:  Previous research on the use of 
head-mounted displays (HMDs) in 
education and training to review 
and update our knowledge about it.

Number of Participants:  N.A. (meta-analysis)

Conclusion:  The review identified a number of 
situations where HMDs are useful 
for skills acquisition.  Outside 
cognitive skills, the HMDs had no 
advantage when compared to less 
immersive technologies.

Source: Jensen and Konradsen, 2018

Significant increase in accuracy of recall in HMD 

VR

Research title:  Virtual memory palaces: immersion 
aids recall 

What they measured:  Whether using virtual memory 
palaces in a head-mounted display 
with head-tracking (HMD condition) 
would allow a user to better recall 
information than when using a 
traditional desktop display with a 
mouse-based interaction (desktop 
condition).

Number of Participants:  40

Conclusion:  Virtual memory palaces in HMD 
condition provide a superior 
memory recall ability compared to 
the desktop condition.

Source: Krokos, Plaisant and Varshney,   
 2018

VS
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How does increasing the 
immersion of a virtual learning 
experience affect  
non-cognitive outcomes? 

Immersive VR engages more than desktop

Research title:  A Structural Equation Modeling 
Investigation of the Emotional Value 
of Immersive Virtual Reality in 
Education. 

What they measured: Whether differences exist with   
 regard to using either immersive or  
 desktop VR and how the level of   
 immersion impacts perceived   
 learning outcomes.

Number of Participants:  104

Conclusion:  Immersive VR has significant 
potential for use in simulations 
and other e-learning applications 
because immersive VR is superior 
to desktop VR in arousing, 
engaging, and motivating students.

Source: Makransky and Lilleholt, 2018

Measuring presence

Research title:  Development and validation of 
the Multimodal Presence Scale 
for virtual reality environments: A 
confirmatory factor analysis and 
item response theory approach 

What they measured:  The development of a standardized 
multidimensional measure of 
presence (the MPS) for a VR 
learning context to enable a better 
understanding of presence and to 
be able to measure it for research 
purposes.

Number of Participants:  279

Conclusion:  The MPS model was validated and 
generalized allowing it to be used in 
a VR context.

Source: Makransky et al., 2017

Students were more engaged

Research Title:  Immersion and Persistence: 
Improving Learners’ Engagement in 
Authentic Learning Situations 

What they measured: The impact of immersion and  
 persistence on learners’   
 engagement with learning games.

Number of Participants:  15

Conclusion:  The analysis suggests more 
engaged behaviors from students 
using the immersive and persistent 
prototype.

Source: Loup et al., 2016

VS
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Virtual lab use and design Simulations can be used equally effectively in and 

outside of the classroom

Research title:  Equivalence of using a desktop 
virtual reality science simulation at 
home and in class. 

What they measured:  Whether the learning and 
motivational outcomes of 
interacting with a desktop virtual 
reality (VR) science lab simulation 
on the internet at home are 
equivalent to interacting with 
the same simulation in class with 
teacher supervision.

Number of Participants:  112

Conclusion:  The home and classroom groups 
did not differ significantly on post-
test learning outcome scores, or 
on self-report measures of intrinsic 
motivation or self-efficacy.

Source: Makransky et al, 2019

Gamified MCQs motivate students and help them 

learn

Research title:  Investigating the feasibility of 
using assessment and explanatory 
feedback in desktop virtual reality 
simulations 

What they measured:  The feasibility of developing a 
desktop VR lab simulation with 
integrated assessment using 
multiple choice questions and 
feedback.

Number of Participants:  208

Conclusion:  Gamified MCQs were perceived 
by 97% of the students to lead to 
higher levels of understanding. The 
sample also had a small significant 
increase in intrinsic motivation and 
self-efficacy, and a large significant 
increase in transfer.

Source: Makransky et al, 2019

How students learn matters

Research Title:  Investigating the process of 
learning with desktop virtual reality: 
A structural equation modeling 
approach

What they measured: The affective and cognitive factors  
 that play a role in learning with   
 a desktop VR simulation when pre- 
 to post-test changes in motivation,  
 self-efficacy, and knowledge about  
 genetics are used as outcomes.

Number of Participants:  199

Conclusion:  Learners may benefit from desktop 
VR simulations in which efficacious 
VR features and a high level of 
usability are emphasized.

Source: Makransky and Petersen, 2019


