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Abstract 

In recent years, the applications of virtual reality (VR) in learning environments has received 

considerable attention. This attention occurs as a part of a wider trend seen since the early 

millennium. This trend is that of increasing attention being placed on modes of instruction that 

can supply greater realism and immersion in the science classroom. VR is used in this study as a 

digital learning environment support tool. VR is defined as the use of three-dimensional graphic 

systems in combination with various interfaces to provide the effect of immersion and interaction 

in computer generated environments. The purpose of this study was to investigate the barriers to 

content learning and immersion of a VR laboratory designed to replicated hands-on laboratory 

for a large university system. The primary means for data collection was the use of a combination 

multiple choice and open-ended survey response in conjunction with interviews. Twelve faculty 

and 285 students took part in a pilot program testing a VR based laboratory system as a part of 

an undergraduate life sciences class. Overall, the results suggest the VR system as it is currently 

implemented is not yet ready for large-scale implementation due to barriers related to immersion 

and interface in the classroom. This study also provides design recommendations that may assist 

in the further development for VR use in the classroom in future iterations. 
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INTRODUCTION 

In recent years, the applications of virtual reality (VR) 
in learning environments has received considerable 
attention (Lin & Yu-Ju, 2015). This has occurred as a part 
of a wider trend that began at the end of the last 
millennium. Over the last 20 years, increasing attention 
by educators has been placed on modes of instruction 
that can supply greater realism and immersion (such as 
VR) in the science classroom (Waight, Liu, Gregorious, 
Smith, & Park, 2014). The relative inexpensive and 
realistic nature of VR has fostered increased use of VR in 
the classroom. Estimates suggest that as many as 83% of 
teachers now have access to this technology in the 
classroom (Gray, 2010). This increase directly correlates 
not only with the shrinking cost of dedicated VR 
equipment, but with the ubiquitous use of VR capable 
‘smart phones’ (Lawson, Salanitri, & Waterfield, 2016). 
The adoption of VR has occurred not just at the K-12 
level but at the university level as well. Surprisingly, 

with this growing level of adoption, there have been 
relatively few studies that explore the aspects of the VR 
experience which impede or enable learning in 
university science classrooms (Bower, Lee, & Dalgarno, 
2017). 

University science classrooms benefit from VR due to 
the high level of immersive realism and environmental 
control (Potkonjak, Cardner, Callaghan, Mattila, Guetl, 
Pertrovic, & Jovanovic, 2016). Investigations into the 
immersive learning aspects of VR illustrate the 
considerable potential for pedagogical applications in 
education, counseling, and other fields (Lamb, Etopio, 
Lamb, 2019; Riva, Banos, Botella, Mantovani, & Gaggioli, 
2016).  

Several studies have probed technologies related to 
VR and its effect on science education regarding; (a) 
conceptual change (Clark & Mayer, 2016), (b) laboratory 
work (Freeman, Eddy, McDonough, Smith, Okoroafor, 
Jordt, & Wenderoth, 2014), (c) science inquiry-based 
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learning (Crawford, Capps, van Driel, Lederman, 
Lederman, Luft, & Wong, 2014), (d) scientific 
argumentation (Choi, Hand, & Greenbowe, 2013), and 
(e) spatial ability (Lamb, 2016; Lamb, Annetta, Firestone, 
& Etopio, 2018). The results of these studies are mostly 
limited to illustrating learners’ attitudes related to VR 
(e.g., satisfaction or perceived usefulness), and only hint 
at possible improvement in student outcomes related to 
skill development and content. Even fewer studies have 
examined aspects of VR that may impede or enable 
learning.  

Overall, educational research regarding VR is in its 
infancy (Dawley & Dede, 2014). In order to extend this 
important line of research, this study provides evidence 
that VR technology may not only play a role in science 
learning but further clarifies barriers to implementation 
and future directions for the use of VR in K-12, 
university, and life-long education. This study also 
illuminates means and methods that teachers or 
instructors can use to improve VR use in classrooms as 
an integrated classroom technology. The study 
specifically examines authentic VR experiences that 
allow students to engage in science practices such as 
scientific investigations and data collection in immersive 
simulated environments. In addition, the students may 
interact with an avatar, and communicate face-to-face 
with peers. All of these activities are critical to the science 
education process (Decristan, et al., 2015). 

Educational VR (EVR) has its conceptual roots in the 
early immersive Serious Educational Games (SEG) 
(Annetta, 2010). SEGs are games in which players engage 
in complex two-dimensional interactions designed 
specifically for learning. EVR takes this a step further 
making use of whole immersive environments in which 
specific, a priori, pedagogical approaches are developed 
during the initial design phase of the VR program. The 
intention of this form of VR is to teach not only skills but 
specific content making this approach different from 
much of the VR content currently commercially 
available. As this form of educational technology 
matures, EVR will provide greater opportunities for 
learning due to the immersive nature, interactivity, 
control and customizability of VR environments, and the 
realism of activities and tasks (Shute, Rahimi, & 
Emhovich, 2017). This promotes the three critical aspects 
of VR immersion, fluidity, and authenticity (Lamb, 
2019). EVR simulations allow students and instructors to 
examine phenomena at the microscale and macroscale 
levels with transition between the scales occurring 

simply by gesturing allowing for greater student control 
and exploration of the content (Lamb, 2016).  

Continuing development of this technology will, 
within the next 5 to 10 years, provide new opportunities 
for teaching and learning in problem-based approaches 
that will be financially available to many, if not most, K-
12 schools and universities (Dunleavy & Dede, 2014). 
While adoption may initially be slow, technology 
maturation and lower cost will facilitate movements to 
integrate EVR into the classroom. Integration of EVR will 
also likely occur due to the intensely immersive nature 
of this technology and related technologies such as 
augmented reality (Calogiuri et al., 2017). 

Immersion in Virtual Reality 

Immersion can take one of multiple forms: 
psychological, sensory, and/or physiological (Tan & 
Nijholt, 2010). The mixture of these three forms of 
immersion in VR is what increases the learning 
opportunities in VR (Dalgarno & Lee, 2010; Lamb, 
Annetta, Firestone, & Etopio, 2018). Immersion in each 
of these three forms partially arises from the infusion of 
highly realistic digital content into virtual environments. 
The realism of these virtual environments makes them 
nearly indistinguishable from ‘real’ environments due to 
the use of 4K or 8K digital resolutions (approximately 
4000 or 8000 horizontal pixels per screen as opposed to 
standard monitors that have approximately 2000 
horizontal pixels) and spatial audio (Pinson, Barkowsky, 
& Le Callet, 2013). These digital resolutions, spatial 
audio, and touch based sensory feedback, create a much 
sharper picture, more realistic sound, and a greater sense 
of kinesthetic feedback than has been previously 
possible. This greatly increases the levels of immersion. 
For example, if a VR world is designed for educational 
use in the sciences, the success of the psychological 
immersion is based on how involved the user becomes 
in the environment, how “realistic” the science content 
presented in the environment is, and how responsive the 
environment is to the users actions (Santos, Chen, 
Taketomi, Yamamoto, Miyazaki, & Kato, 2014). In other 
words, the question becomes how “believable” is the 
environment and how possible is it to suspend disbelief 
in terms of operating in the virtual environment? 

Physiological immersion within the VR environment 
occurs when the user moves and receives feedback from 
the aforementioned visual, auditory, or haptic devices 
used to interact within the digital environment. The 
device must, in a responsive and in an interpretable way, 

Contribution to the literature 

• Technological skill with VR is related to the student’s history with online courses. 

• Specific pedagogical approaches should be embedded in the software during the design process. 

• Studies have found that, interactions in a VR environment can be a reasonable and valuable substitute 
for real life experiences. 
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change according to the user’s movements and actions 
within the environment (Grassi, Zaretskaya, Bartels, 
Goerke, Milde, Bukowiecki, Kunz, Klika, Wiglenda, 
Mogk, & Wanker, 2015). An example of an interpretable 
response in VR is as simple as when a person moves their 
head to the left the view field also moves left in a timely 
manner. The responsiveness of the VR system is 
particularly important in the context of VR science 
laboratories. Without proper immersion, integration of 
both practices (i.e. skills) and content learning are greatly 
reduced as a result of frustration (Merchant, Goetz, 
Cifuentes, Keeney-Kennicutt, & Davis, 2014). More 
importantly, if the system is not responsive to the user, 
the user may experience vertigo or other dysphoric 
events (e.g. nausea) (Baldominos, Saez, & del Pozo, 
2015). When used appropriately, VR science laboratories 
that are built with a priori pedagogical approaches and 
include the visual, auditory, and haptics to cue users, 
promote greater learning outcomes (Schofield, 2014).  

A second important feature of VR that separates it 
from other educational technologies is the real-time 
interactivity (fluidity) in a stereoscopic 3D environment 
(Potkonjak, Gardner, Callaghan, Mattila, Gueti, Petrovic, 
& Jovanovic, 2016). Interactive responsiveness by the 
virtual environment results in more authentic and real-
world like actions that aid in psychological immersion 
(Wood & Reiners, 2015). Immersion occurs when the 
user is able to convert intention to action in the digital 
world. This allows users not only to visually interact 
with objects, but to physically manipulate objects (i.e. 
they touch and feel the objects using, auditory, haptic, 
and tactile inputs) (Klatzky, Giudice, Bennett, & Loomis, 
2014). The combination of psychological and 
physiological immersion produces sensory immersion 
(Hamari, Shernoff, Rowe, Coller, Asbell-Clarke, & 
Edwards, 2016). While the primary draw to virtual 
reality is its immersive user interface, VR can also 
promote rich, interactive, problem-based learning, in 
fields such as engineering, medicine, and education 
(Savin-Baden, Poulton, Beaumont, & Conradi, 2016). 
This promotion occurs because the VR environment 
triggers the human brain’s capacity to process 
environmental inputs in the same way as in the real 
world (Lamb, 2019). In short, VR technology is well 
suited to convey difficult abstract concepts due to the 
visualization, interactivity, and immersivness of the 
environment to construct understanding by promoting 
new experiences and activating prior experiences 
(Psotka, 2013). 

VR and Constructivism 

In the process of developing VR based science 
laboratories in a constructivist approach, learners must 
be allowed to take an active role in their learning 
through environmental interaction (Vygotsky, 2016). 
Learners must also connect new information with prior, 
crystalized knowledge, in order to construct new 

knowledge (Vygotsky, 2016). The environments in 
which the learner finds themselves influence the learner 
through interactions with real or virtual structures, 
concepts, or events (Richards & Taylor, 2015). 
Importantly, learners must be allowed to directly apply 
their knowledge in real-life or virtual contexts, engage in 
failure, and explore (Cordie, Lin, & Whitton, 2017). 
Technologies such as VR allow all three of these to 
happen. In other words, science education should be 
experimental and experiential (Rosenblatt, Worthley, & 
MacNab, 2013). In this framework, it is the educator’s 
role to shape learners’ experiences and understand how 
the surrounding environment promotes or impedes 
learning (Davis & Singh, 2015). 

Within the framework of construction of 
understanding in science, the focus of VR is on the 
learner’s control of the learning processes. Therefore, 
EVR designs should attempt to tie knowledge as a 
discrete concept to real-life experiences and authentic 
tasks. A constructivist understanding, as it applies 
through VR, provides learners more freedom to select 
and coordinate their learning processes with other 
learners. As Kutlu (2012) suggested, constructivists 
emphasize the design of learning environments rather 
than instructional sequences. The learning environments 
should provide real-world, case-based environments for 
meaningful and authentic knowledge construction. In 
the case of science, experiences should provide means 
and opportunities to examine questions, claims, and 
evidence (Norton-Meier, Hand, Hockenberry, & Wise, 
2008). 

Current research in educational technology suggests 
that constructivist principles fundamentally underlie 
learning in a VR environment (Lamb & Annetta, 2012, 
2013; Lui & Slotta, 2014; Makani, Durier-Copp, Kiceniuk, 
& Blandford, 2016; ). Constructivist learning in EVR is 
promoted through multiple characteristics: (a) 
constructivist learning involves the exploration, 
internalization, and discovery within the prebuilt, 
interactive, immersive representation of the real-world, 
through which prior knowledge is engaged and built 
upon, and (b) constructivist learning processes allow 
educators to examine pedagogical approaches and how 
VR features support learning in much the same way 
SEGs do (Annetta, 2010). Using educational virtual 
reality (EVR), students can learn in near real-life 
situations by engaging with tasks that, as closely as 
possible, approximate real-world tasks. This allows 
students to improve their skills and understandings 
through repeated practice not necessarily available in 
‘real-world’ environments (e.g. repeating costly 
experiments over and over to get specific results). VR 
allows learners to interact with simulated environments 
in real time and engage with soft failure (Nelson & 
Annetta, 2016). In addition, VR offers greater sensory 
cueing and multimodal feedback to enable the easy 
transfer of VR-learning into real-world understanding 
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(Hancock, Mercado, Merlo, & Van Erp, 2013). For 
example, learners can view 3D objects from multiple 
representations, viewpoints, and scales in addition to 
examining and exploring interactions and relationships. 
EVR used in more traditional classroom learning 
environments allows educators to provide experiences 
which otherwise would not be possible in science 
classrooms (e.g. seeing a virus infect a cell). Further, 
immersive environments create a strong sense of 
presence in the environment, which in turn motivates 
and thereby causes the learner to cognitively process the 
learning material more deeply (Katz & Halpem, 2015). 
Presence in this context refers to the level of immersion 
in the environment and the degree to which the person 
“forgets” they are in a virtual environment. 
Neuroimaging studies reveal that when learners interact 
with VR environments the learners’ cognitive systems 
process the VR immersive environment in the same way 
that real-world environments are processed (Lamb & 
Etopio, 2019). 

Purpose and Areas of Examination 

The purpose of this study was to investigate the 
barriers and affordances of a VR laboratory designed to 
replicate hands-on laboratories in a large university 
system. Consideration of this purpose suggests the 
following research question. What characteristics of the 
examined virtual reality laboratory impact student 
engagement and learning? The authors of the study 
contend that the use of the VR based laboratory will 
make use of the listed affordances and influence student 
engagement and learning:  

1) provide students access to a laboratory experience 
which may otherwise be unable to access due to 
resources or instructor constraints; 

2) provide a real-world like laboratory environment, 
while attending to the content and laboratory 
experiences exclusively in the virtual world;  

3) supplement student virtual experiences through 
connection to prior experiences with traditional 
wet-laboratory experience; 

4) serve as an orientation or anticipatory learning set 
from which to scaffold “hands on” experience in 
future laboratories. 

Substantiation of these affordances provides a means 
by which VR may be used to augment student learning 
in science laboratories. These insights may provide a 
greater understanding and identify potential uses of VR 
in future life science classes. In addition, this will 
provide evidence for modes of instruction that result in 
better student outcomes. 

METHODS 

Sample and Measurements 

The study was based upon student survey responses 
(n=128, N=285, 45% response rate), randomly selected 
student interviews (n=12, N=128), and randomly 
selected instructor interviews (n=12, N=112). This design 
has the primary benefit of more closely aligning with 
‘normal’ classroom conditions. This design also tended 
to minimize disruption of student learning and 
instructor planning. 

One hundred and twelve faculty from a large 
university system received classroom test accounts and 
VR equipment for their laboratory students. One-
hundred and twenty-eight students of the 285 students 
that took part in the EVR laboratories also chose to take 
part in an online survey related to their test account and 
VR based laboratory experiences. Classes consisted of 
undergraduates; 92% first-year students, 5% second-
year students, and 3% third-year students. Students 
were 53% male, and 47% female. Students demographics 
consisted of 74% Caucasian, 18% Asian, 3% African 
American, and the remainder other ethnicities. Each 
institution made use of 16 modules designed for 
introductory life sciences course over a period of a19-
week semester. 

The modules were selected by the instructors based 
upon alignment to current topics covered in their 
laboratory sections. VR apparatus consisted of Samsung 
Galaxy Gear VR Head Sets with Google Pixel phones 
running the VR laboratory software. Student 
participants were able to make use of the VR headsets 
both during the laboratory period and outside of the 
laboratory. Table 1 provides and overview of the type 
and number of the post-secondary institutions taking 
part in the study. Upon completion of the VR laboratory, 
instructors and students were asked to complete an 
assessment of five areas of concern and to engage in an 
open-ended interview with the researchers. The areas of 
concern were: Technical information is relevant to the 
discipline, Pre-laboratory lesson presentation, Learning 
outcomes, Student engagement, and Ease of content 
navigation. Instructors rated these areas on a 1 (Poor) 
through 7 (Excellent) scale. 

The VR based laboratory is an immersive 3D problem 
based learning virtual simulation of several wet 
laboratories. The simulation makes use of realistic 3D 
animations to address laboratory-learning goals. The 

Table 1. Institution type and faculty participation 
Institution Type Number of Faculty 

Technology Campus 15 
Community College 47 
Comprehensive Four Year 27 
Research Intensive 20 
Non-System 3 
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animation allows students, when appropriate, to 
examine molecular scale representations as leaners 
engage in the performance of experiments. Figure 1 
provides an overall view of the laboratory environment 
and bench workspace. 

Responses to the questions were noted during open-
ended unstructured interviews and triangulated with 
survey responses in which faculty members and 
students were asked to report on their experiences with 
the VR laboratory. 

Analysis 

Due to the exploratory nature of this study, the study 
authors engaged in a multimethods approach, data 
processing began with production of summary statistics 
from student survey responses and analysis of emergent 
themes from student and instructor interviews. 
Interview teams consisting of the author and a doctoral 
student recorded participant interviews using an audio 
recorder. Two of the authors listened to the recording, 
created transcripts, and identified statements which 
identify barriers or affordances associated with the EVR 
laboratory. Barrier and affordance identifications (e.g. 
trouble with the VR interface) by the first two authors 
were rated by a third team member for agreement. Inter-
rater reliability was calculated using Fleiss’s Kappa. 
Kappa was rated at .94 which is considered substantial 
agreement. During the development of the qualitative 
component of the study, VR outcomes were presented as 
relationships between characteristics of performance, 
which either impeded or promoted learning in relation 
to the use of the VR laboratory system. The interview 
participants in the study are a randomly selected sub-
sample of students and instructors who were a part of 
the classes taking part in the study. Twenty-four 
participants (12-students and 12-instructors) were 
randomly selected from the top and bottom quartiles of 
the survey responses. Selection from these two quartiles 
occurred to maximize differences between groups in 

terms of survey results. This allowed researchers to 
between identify barriers and affordances which 
influenced activity across the sample. Using thematic 
inquiry, the authors were able generate possible themes 
for later development in future research studies. The 
authors also summarized data and identified potential 
relationships between the emergent themes. The current 
analysis is based on Jasper’s (2011) theoretical 
propositions. The four theoretical propositions are: (1) 
individual actors in the system are interdependent, (2) 
linked actors occur due to shared resources, (3) the 
structure of the relations both constrains and facilitates 
action, and (4) patterns among actors define structure. 
Jasper’s framework provides and important analytical 
framework as it allows greater understanding of the 
interactions between the VR technology, the students, 
and the instructors. There were six emergent themes 
arising from the analysis. 

RESULTS 

The most common theme emerging form the 
instructor interview was the relationship between the 
technological skill level of the student with respect to the 
VR and the student’s history with online courses. In each 
case the italicized wording below each theme is the 
wording from the interview. These results provide a 
summary report of the interviews and responses from a 
survey and interview conducted with the instructors and 
the students. Overall, the results suggest that there are 
significant barriers to fully implementing VR in the 
classroom. Some barriers have to do with the nature of 
the technology and other barriers have to do with the 
nature of the students. Table 2 provides a descriptive, 
aggregate, summary of the student’s assessment of the 
VR laboratory modules. Overall, there seems to be a 
negative assessment of the VR laboratory particularly in 
the areas of Ease of content navigation and Student 
engagement. These outcomes correspond to comments 
made during interviews. 

  
Figure 1. Left provides an overview of the laboratory bench; right provides overview of the full VR environment 
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Theme 1: Technological savvy. Participants 
suggested that their savvy with technology played a 
major role in their acceptance of VR in the laboratory. 
Those participants with a lack of technological savvy 
found learning with the VR online software extremely 
difficult due to lack of interest in the content and 
practices associated with science arising from 
technological barriers. Much of this response results 
from frustration with the platform. 

 [Quote from Participant 1, Female, Second Year 
Student; Bottom Quartile]  

“It was difficult to use the lab and the controls were 
hard to understand. I have not used VR or online labs 
very much. I need a lot more practice and help with the 
technology.” 

Other participants did not value online software with 
poorly developed aesthetics and design, (e. g. bad 
graphics, interface, and fluidity). In particular, the 
instructors noted that students were extremely critical of 
the interface. 

[Quote from Participant 2, Female, First Year 
Student Top Quartile]  

“The opening was incredibly slow. The graphics are 
laughable - the cheapest app game has better rendered 
people the frightening-looking person at the beginning. 
This may seem like a petty snipe, but students won’t 
have any respect for an online exercise that looks that 
ridiculous.” 

According the instructors the step-by-step process of 
the software programs lessens student interest because 
the lack of realistic fluidity and openness of a real 
laboratory experience. In addition, the coding of the 
software was not refined and presented with faulty 
visual prompts and text creating discordant experiences. 

[Quote from Professor of Life Science 1]  

“The students here at XXX university I have do not 
like doing things on-line. I offer on-line homework, and 
they HATE it. They are not technologically savvy” 

Theme 2: Life like details in the VR simulations. 
Reducing the fluidity of the experience via poor interface 
and missing things found in a “typical” lab (Realism) 
detracted from the learning experience. Instructors and 
students reported limitations associated with the 

simulation equipment, (i.e. the program crashing, lack of 
tactile feedback, and interactivity). This created 
difficulty for the immersive and fluid aspect of the 
experience, leading the students to see the VR laboratory 
as less than life-like and therefore not as good as the 
regular laboratories. The software also seemed to lack 
basic laboratory equipment found in tradition life 
science laboratories such as a microscope. However, 
there was an appreciation for safety procedures 
incorporated into the software. 

[Quote from Participant 4, Female, First Year 
Student; Bottom Quartile]  

“The lab was missing what I thought was basic lab 
equipment for biology, like a microscope and balance. 
Though I did have to practice with the safety equipment 
and that was something I have not done.” 

Other participants reported students did not value 
online software with poorly developed aesthetics and 
design, (e. g. bad graphics, interface and fluidity). It was 
noted that participants were extremely critical of the 
interface and stop working when the program did not 
load quickly enough. 

[Quote from Participant 5, Male, First Year 
Student, Top Quartile]  

“The beginning screen slow and even froze. The 
graphics were very low quality. This made me not want 
to use virtual reality, so I stopped.” 

Participants suggested that the step-by-step 
instruction and processes with in the software program 
lessens student interest because the lack of realistic 
fluidity, immersion, and authenticity. It greatly 
diminished the feel of a real laboratory experience. In 
addition, the coding of the software was not refined and 
presented faulty visual prompts and text creating 
discordant experiences. Importantly, the students felt 
the experience was filled with extraneous tasks 
(Participants 6 and 8). In addition, students (Participants 
7 and 8, and 9) complained of a disconnect between the 
level of the laboratory exercise and the questions about 
the content given after the experience. 

[Quote from Participant 6, Male, First Year 
Student, Top Quartile]  

“There are better lab simulators out there. Clinical 
relevance is not appealing to everyone and the 

Table 2. Survey response frequencies for students (n=128) taking part in the VR laboratory 
 1 (poor) 2 3 4 (Neutral) 5 6 7 (excellent) 

Technical Information relevant to discipline 15.8% 13.2% 2.6% 15.8% 13.2% 10.5% 15.8% 
Pre-lab lesson presentation 21.1% 13.2% 5.3% 13.2% 21.1% 5.3% 5.3% 
Learning outcomes 18.4% 15.8% 7.9% 5.3% 21.1% 15.8% 5.3% 
Student engagement 26.3% 13.2% 15.8% 7.9% 15.8% 5.3% 5.3% 
Ease of content navigation 36.8% 15.8% 13.2% 13.2% 0.0% 7.9% 7.9% 
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illustrations are crude. Students would lose interest 
quickly.” 

[Quote from Participant 7, Female, First Year 
Student, Top Quartile]  

“That is nothing like the real world, where you 
constantly have to deal with them [safety goggles] 
fogging up and digging into your face. This isn’t the 
same, and would only enforce poor behavior in the lab 
if a student ever found themselves there. Never mind 
you are not following a procedure but step by step doing 
things as they appear on the screen.”  

[Quote from Participant 8, Male, First Year 
Student, Bottom Quartile] 

“Moreover, the absence of tactile skill development is a 
problem, and this might then be simply reduced to a 
theoretical exercise instead of some attempt to create 
this virtual experience. So much time was spent doing 
silly chores i.e. putting on a lab coat and maneuvering 
around the lab that the students will actually forget 
what the purpose of the lab is.”  

[Quote from Participant 9, Female, First Year 
Student, Bottom Quartile] 

“I found the software to be rather rigid. It gives the 
appears of a sandbox type environment, yet it 
constrains students to stick to a specific script. The 
simulation here was too basic compared to the questions 
given afterward.” 

Theme 3: Real-world laboratory. Students and 
instructors noted that locating content within the 
software that was at the appropriate instructional level 
and that also supplemented the course curriculums was 
a challenge. While a positive attribute of the VR lab is 
that there was a reduced need for physical space, this did 
not seem to make up for the other areas of concern noted 
by the instructors and students. Thus, the benefit of VR 
from a cost perspective did not out weight the lack of 
realism and content. Specifically, the instructors felt that 
tactile skill development was deeply hindered by the 
lack of virtual reality interactivity. 

[Quote from Participant 3, Male, First Year 
Student, Top Quartile]  

“I have been unable to find level-appropriate genetics 
simulations for my majors genetics course, and I believe 
these labs do an adequate job of filling that niche” 

[Quote from Participant 6, Male, First Year 
Student, Top Quartile] 

“I can’t see using this even as a supplement to an in-
person lab or in a class that does not have a lab section, 
because there is so much hunt-and-peck and such a 
segmented nature to the information that I think it 

would frustrate students more than the benefit they 
would get out of it.” 

[Quote from Professor of Life Science 2]  

“Click to run the thing didn’t add a single lab-like 
experience to the information. As a supplement to 
traditional wet lab experience. I would make these 
modules a prelab practice and believe that it will help 
students a lot. Many of our students are going into 
hands on professions and they need to work in the 
environment in order to gain that hands-on 
experience.” 

Theme 4. Skill development. The instructors 
expressed concerns about how well the skills in the VR 
experiences would be able to develop and transfer to 
appropriate hands-on wet laboratory skills. The 
instructors were concerned that the VR did not offer 
sufficient experiences to promote this important aspect 
of learning.  

[Quote from Professor of Life Science 3]  

“Students need a wet chemistry hands on lab 
experience and this virtual experience does not make up 
for that in any way.” 

Theme 5: The link between content and the 
assessment. The assessment aspects of the software’s 
module offered multiple-choice questions that 
participants (students 2 and 3), found to be unrelated to 
the presented content. More importantly because of the 
random nature of the question presentations, the 
participants felt that the content was disjoined and not 
logically connected creating frustration. Additionally, 
there was concern about the incongruence between the 
sophistication of the questions and the rudimentary 
nature of the simulation (Professor 2 and 4). At times, it 
was reported that the correct answer was missing from 
the options initially, only to appear after going back to 
the questions section and answering again. 

[Quote from Participant 2, Female, First Year 
Student Top Quartile]  

“I was given only half of the answers to the multiple-
choice question, forcing me to choose an incorrect 
answer and have that impact my score. A student 
would find that infuriating. The scrolling requirement 
on the questions also meant that I couldn’t see the 
answer choices and the question at the same time, which 
was an annoyance.” 

[Quote from Participant 8, Male, First Year 
Student, Bottom Quartile]  

“I also feel students can easily just ‘click’ on the 
answers until they get the correct answer, without 
really getting or understanding the concepts. “The 
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correct answers to the quizzes are not always there, 
then appear after hitting “back” several times. This was 
a waste of time.” 

[Quote from Professor of Life Science 2]  

“To supplement a traditional lab course in 
Biotechniques, where we actually do an enzyme 
kinetics lab on Lactate dehydrogenase now. AND This 
would be a valuable learning tool for supplementing 
traditional hands-on lab experiences.”  

[Quote from Professor of Life Science 4]  

“Virtual labs will not prepare students for laboratory 
work in graduate school, medical school, or in industry. 
In addition, American Chemical Society accredited 
programs will not permit the replacement of wet labs 
with virtual ones to meet the requirements for the 
degree.” 

Theme 6: Technical aspects of the software use. The 
software installation was problematic for some 
students’. Problems with the software made students 
reluctant to engage in multiple attempts to download 
and install it. Students reported the software refreshed 
on its own during the program forcing students to start 
from the beginning of modules. Instructors also 
expressed a concern about the cost of the software and 
associated hardware in comparison to the books they 
already use. 

[Quote from Professor of Life Science 1]  

“When you are trying to teach a student idea through 
a case study or simulation, they have to be able to both 
see the value in doing it and not have huge 
technological hurdles in doing so. What annoys them 
most is feeling that they are going through something 
that takes a lot of time for no reason. I felt like the entire 
thing as far as I saw was going through it for no reason. 
I would not use this in a class.” 

[Quote from Professor of Life Science 3]  

“Many other computer software programs are cost-
prohibitive, as I don’t want students to purchase an 
expensive access code as well as a textbook – especially 
for labs that cover only a cursory review of in-depth 
concepts.  

[Quote from Participant 7, Female, First Year 
Student, Top Quartile]  

“I spent about 15 minutes trying to get through the 
first exercise and gave up because I kept getting error 
messages on what I was doing without being told how 
to navigate through it. I tried looking at several 
simulations. I tried different browsers and none of the 
simulations would load. Navigation through the 
program is unwieldy and time-wasting. I don’t see any 

application of this format of instruction for microscope 
usage.” 

[Quote from Participant 3, Male, First Year 
Student, Top Quartile] 

“Had trouble clicking the glove box (had to click out of 
it and then back in); could not get incision to work 
during dissection. Had some technical difficulties but 
glad we are exploring it.” 

In summary, there is consensus that the VR 
laboratory is not a replacement for real life laboratories 
for a variety of reasons. These reasons seem to align with 
the need for EVR simulations to provide immersion, 
fluidity, and authenticity in relation to the content and 
questions found in the environment. In addition, 
performance concerns about the program also inhibit 
wide spread adoption of the VR platform for use by 
students either as a supplement or as a replacement for 
existing laboratories.  

DISCUSSION 

The general assessment of the VR laboratory by the 
classroom instructors and students seems to be that the 
VR fails to meet the student’s needs associated with 
studies in the life sciences. This is particularly true when 
the learning activities, tasks, and assessments are 
designed without specific pedagogical approaches 
embedded into the EVR as suggested by Annetta (2008) 
and Lamb (2015). Importantly not only did the student 
themselves request good pedagogical approaches be 
embedded in the software they also identified the user 
interface as a key concern. As instructional designers or 
educators develop and deploy specific features of virtual 
reality into their 3D VR laboratory courses, there is a 
need to consider the student end user experience (i.e. 
frustration, student training, instructor training, and 
infrastructure to support the VR laboratories). 

One of the most promising aspects of the use of VR in 
the classroom is the ability to develop interactive, highly 
controlled, ultra-realistic, learning environments and 
experiences which were called for specifically by the 
participants in this study. Appropriate pedagogical 
approaches involving construction of knowledge in a 
virtual environment require that interactions with the 
EVR environment have a minimum level of fluidity, 
immersion, and authenticity allowing realistic 
interactions. Without this critical level of fluidity of 
interaction with the environment the learning process is 
too difficult to sustain and students will not persist. 

Studies have found that, interactions in a VR 
environment can be a reasonable and valuable substitute 
for real life experiences (Lamb et al., 2019). However, as 
in the case of this study, affective aspects of the 
interaction, such as frustration, will impede the learning 
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process and develop rather quickly when working with 
difficult user interfaces.  

During the VR interactions learners attempted to 
undertake actions allowing them to put new 
understanding and new skills into practice, however 
these activities were frustrated. In considering future 
designs interactions must occur in a life-like and 
measured way. Lack of realism in the environment will 
result in less engagement and application of the learned 
content. While VR environments may allow learners to 
acquire knowledge with less difficulty than that of 
traditional learning process, poor organization of the 
environment will have the opposite outcome. 

Collaboration in the VR learning environment is just 
as important as collaboration in the real world. In the 
case of this VR environment, the interaction was solely 
learner with content and did not afford the user person 
to person interactions. By completely removing the 
instructors and other students from the interactions, this 
VR environment misses critical times for social 
construction of new knowledge through interactions 
which are vital to student growth and success. Student 
interactions with other students allow the exchange of 
information and ideas as the students construct 
understanding and apply content. The transfer of skills 
from the VR environment to real world environments is 
of critical concern to educators. In order to accomplish 
this transition from one to the other, VR environments 
require immersion and realism along with the ability to 
construct knowledge through interaction. Immersion 
and realism will allow VR tools to train for similar tasks 
and reasoning in the real world as found in other studies 
(Lamb, 2016; Lamb, Annetta, Firestone, & Etopio, 2018). 
As a result, VR environments provide rich teaching 
opportunities and help to improve learners’ ability to 
analyze problems and explore new concepts associated 
with the environment. The multisensory aspect of the VR 
technology promotes greater learner engagement by 
prompting attention and stimulating curiosity. In the 
case of this VR environment, the multisensory aspect of 
the environment impeded learning due to the lack of 
high quality visuals, poor performance of the 
application, poor assessment, and poor feedback from 
the environment. That is, features of interaction and 
immersion will only take a student so far into the 
environment, if the environment is not fluid and highly 
responsive. Fluidity and responsiveness are the main 
characteristics, which maintain student engagement into 
the environment. 

While the ability to engage in high repetition with 
minimal resource cost is an attractive trait of VR, rote 
repetition and lack of instruction will frustrate and 
confound student learning. In addition, the ability of the 
VR content to communicate the desired outcomes is 
incredibly important particularly is the student becomes 
lost or unsure of what to do next. As one seeks to build 
VR environments it is also important to consider the 

mode of assessment and to assure, the assessments 
meets the appropriate level and needs of the learner. One 
of the challenges in the design of EVR environments is 
how to integrate EVR features with authentic 
assessment. With EVR it is possible to not only assess in 
a traditional written manner, but to assess though actual 
skill and application approaches. Learning outcomes 
may be improved if guidance and scaffolding tools are 
provided and successfully integrated into EVR in a fluid 
and dynamic manner. For example, digital mentors with 
basic interactivity and instructions can promote and 
redirect learners in a meaningful way to ensure 
continuous movement toward specific learning 
outcomes and objectives. 

Conclusion 

While this EVR environment was missing several 
instructionally important characteristics such as 
feedback, development of literacy, and successive skill 
development, results from this study provide insight for 
the exploration of needed characteristics for future 
iterations of laboratory EVR environments. As more 
students and instructors focus on VR technology and VR 
applications for education, content will become easier to 
use and incorporate a priori pedagogical approaches as 
called for in other research (Annetta, 2010). To promote 
the use of VR for learning, educators need to understand 
the challenges students face when using VR technology 
for instruction for the first time and understand the 
limitation of the environment rather than counting on 
the novelty to maintain and promote outcomes. It is 
imperative that an instructor making use of VR, keep in 
mind, that VR is another tool to promote learning and 
not meant to replace the instructor. 

Limitations and Future Research 

The primary limitation of this examination of VR 
laboratory environments is the lack of exploration of 
specific attitudes around the use of technology in the 
classroom as they relate to science. In addition, the 
authors did not assess the relative levels of training for 
instructors and students making use of the VR 
environments or the prior science content knowledge. 
Further to this point the use of phone-based VR systems 
as compared to more robust headsets such as a Vive or 
Oculus S which connect computers may have limited the 
functionality of the systems due to processor and 
graphical limitations. The small non-random sample of 
participants creates difficulty in the generalization of the 
findings to larger population of university students. 
Future studies will need to more directly assess the 
amount and types of support needed to successfully 
employ VR in the classroom. 
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Recommendations for Design of VR Environments 
for Classroom Use 

Due to the immersive nature of VR as the primary 
means to promote learning, anything that breaks the 
immersion is detrimental to the process of learning. As 
such, the fluidity of the user interface is of key 
importance. The user interface must consist of easy-to-
use, intuitive, life like gestures. As with many 
technologies, VR environments are often designed from 
a functional perspective rather than ease of use for the 
end user and even less so with a focus on learning. While 
this may change as the technology matures this is not 
currently the case. The most common difficulties for VR 
navigation is in using a 3D interface. As noted in this 
study, learners may easily get lost or be unable to 
navigate their VR environments. Poor usability severely 
limits the effectiveness of the instruction. Learner skill 
levels and familiarity in using VR must be accounted for 
in the development of EVR environments. Both the 
learner’s knowledge of content and the learner’s skill 
with VR user interface are important. 

Although there are an increasing number of 
applications that support teaching and learning in a VR 
environment, perhaps the largest determining factor for 
user acceptance is how easily accessible a VR interface is 
for non-technical instructors. Thus, institutional support, 
training, and resources is necessary for educators 
making use of VR environments for science learning. VR 
environments and software must be examined in terms 
of cost effectiveness particularly in comparison to the 
wet laboratory experience. To that end, VR developers 
need to consider the cost of the VR system to the end user 
and how quickly the system will age and be out-of-date 
with current technologies (i.e. the shelf life of the 
technology). VR technology is expensive when using 
hardware such as head-mounted displays and cell 
phones to process the imaging. Many schools and 
individual students cannot afford the cost. 

When educators design an environment in order to 
deliver complex concepts, it is necessary to ensure the 
presence of the three features of interaction, immersion 
and authenticity. Weighting one over the other 
necessitates shifts in pedagogical design and 
consideration in much the same way one designs SEGs 
(Annetta, 2010; Lamb, 2013). It is important for educators 
and instructional designers to understand how emphasis 
on one of the three features (interaction, immersion and 
authenticity) determines learning outcomes in a VR 
environment in the science classroom (Kirschner & van 
Merrenboer, 2013).  
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