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INTRODUCTION

Virtual reality (VR) is an immersive experience de-
signed for users to explore a digital overlay that is com-
pletely independent of their true surroundings. The user is 
provided with a VR headset (often called a Head Mounted 
Display [HMD]) providing visual and audio stimuli and 
multiple sensors that track physical movement in relation-
ship to a virtual world. Virtual reality is widely used in the 
gaming industry and has steadily extended to a variety of 
fields, especially the healthcare industry. Virtual reality is 
now used by patients, including autism and Alzheimer’s 
patients as a form of therapy (1–5). Similarly, VR is also 
used in the education of healthcare professionals, for ex-
ample to practice surgeries and dental work (6–9). Virtual 
reality in healthcare is highly represented in the primary 
literature. However, there are relatively few publications 
on VR in the undergraduate STEM classroom (10–13). It 
is also uncertain how many colleges and universities have 
begun to use VR in the classroom. 

A recent international study indicates that active learn-
ing in STEM classrooms is rare compared with the lower-
impact traditional lecture (14). An immersive VR experience 
which allows students a hands-on approach to interacting 
with the subject matter can provide students with a unique 
active-learning experience suited to a variety of STEM top-
ics. Cell biology is a challenging course, and this is greatly 
exacerbated by the fact that the cell is so tiny that the parts 
cannot be viewed in a typical light microscope. The concepts 
are therefore abstract and difficult to visualize. Virtual real-
ity gives students the ability to “travel inside the cell” and 
even “handle” organelles that would only be one micron 

or less in a real eukaryotic cell. Here we describe the very 
first in-class use of VR at our university and the educational 
benefits derived from providing students with the experi-
ence as part of a STEM laboratory period. 

PROCEDURE

The sophomore-level cell biology class of 65 students 
participated in a freely available virtual reality experi-
ence called “Journey Inside a Cell” created by The Body 
VR (http://thebodyvr.com/products/) using the HTC Vive 
platform at The Point (Otterbein’s new STEAM Innovation 
Center). The students were divided into three laboratory 
sections of 19 to 25 students. Two HMDs were available 
for student use with the Journey Inside a Cell module, 
providing a virtual, immersive guided tour of the cell that 
lasts approximately 12 minutes, including opportunities to 
interact with the cell and its component organelles. For 
example students could manipulate cell parts by “handling” 
them with the controllers, a set of hand-held wands that 
allow the user to interact wirelessly with the virtual sur-
roundings; and at the end students could “shoot” antibodies 
at an oncoming “viral assault.” 

The students followed their VR experience with a timed 
cell-sorting challenge, working in teams of two to match 
printed VR cell parts with the correct labels. Each student 
was rewarded with candy for their participation, and the 
fastest matching team in each lab section was awarded a 
“Cell Challenge” trophy made by engineering students at 
The Point. As students waited for their turn, they worked on 
computers to design their own concept map of the cell, con-
necting nodes about the various organelles and their func-
tions (Appendix 1). The use of VR in conjunction with the 
concept mapping and cell sorting activities was designed to 
provide a multi-modal, multi-sensory, engaging experience.

A week later, students were asked to complete a volun-
tary survey administered through Qualtrics survey software. 
The short survey included yes/no, open-ended, and Likert 
scale questions asking students to describe their perceived 
VR experience, cell-sorting challenge activity and whether 
they felt it had impacted their learning (Appendix 2).
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SAFETY ISSUES

Students were not required to participate in the VR 
activity, and were told that they could watch a video of the 
VR journey instead if they felt uncomfortable participating 
or were unwilling or unable to participate in VR. They were 
also told that they could stop the VR activity at any time 
point if they felt motion sickness or had any other sensory 
issues. This particular program did not have any scary or 
particularly startling imagery. Students could stand still or 
even sit, if they preferred. Participating in VR (or watching 
the 2D film instead) was part of the required laboratory 
period. This research complies with federal guidelines and 
received institutional review board approval. 

RESULTS AND CONCLUSION

A total of 62 undergraduate students in the sophomore-
level cell biology course at Otterbein University completed 
a survey following the VR lab. The survey was designed to 
assess the impact of full immersion virtual reality on student 
attitudes toward cell biology and learning about the cell in a 
cell biology course. The majority of students had never expe-
rienced VR in any form before this lab (43 of 62 students or 
70% responded that they had never experienced VR outside 
of a classroom setting). One student responded that they 
had experienced VR in a classroom setting before this. When 
the students were asked “Did virtual reality enhance your 
learning experience in the cell biology course?,” 93% of re-
spondents chose “yes” and only 4 (6%) chose “no” (Fig. 1A). 
Respondents who chose “yes” were then asked to describe 
how virtual reality enhanced their learning experience. A 
complete list of explanations is included in Appendix 3. Most 
responses could be grouped into the following categories: 
1) increased interest, 2) better understanding, and 3) new 
perspective. Students were also asked to describe in two 
or three sentences the very similar question of “How did 
the use of virtual reality reinforce your learning about the 
cell parts? Students gave similar, but expanded, answers that 
are included in Appendix 3.

Students responded to a question that addressed the 
combination of the virtual reality experience followed by 
the cell-sorting challenge activity. Forty-four students (71%) 
answered “yes” to the question, “Did the combination of vir-
tual reality and the timed cell-sorting activity improve your 
understanding of cellular processes?” (Fig. 1B). Extended 
student responses for this question primarily mentioned 
that the cell sorting activity helped them to recall, process, 
and reinforce the VR activity. When asked “Would you 
recommend this type of virtual reality classroom/lab activ-
ity to others?,” 55% of students strongly agreed and 37% 
agreed (Fig. 2A). Only 5% and 3% were neutral or disagreed, 
respectively. No students strongly disagreed. When asked 
if the students would recommend the use of innovative 
learning tools like virtual reality in their other courses, 52% 
strongly agreed, 43% agreed, and 5% were neutral (Fig. 2B). 

No students disagreed or strongly disagreed. The positive 
impact on student perspective, interest, and engagement is 
readily apparent from the survey. Additionally a perceived 
impact on ability to better understand the material was 
widespread. Future assessments will be required to verify 
this additional outcome as more than a perception.

The described activities can be easily repeated at other 
institutions. Immersive technologies continue to evolve and 
the cost for both hardware and software (apps) continues 
to drop as more companies enter the market. For example 
the free VR app used in this article is now available for both 
Samsung Gear VR and Google Daydream, which are more 
accessible than the HTC Vive that we used.

SUPPLEMENTAL MATERIALS

Appendix 1: Cell concept map assignment
Appendix 2: Student VR assessment survey
Appendix 3: Student survey results
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FIGURE 1. Student answers to “yes/no” virtual reality (VR) survey 
questions. A) Percentage of students who responded “yes” versus 
“no” when asked whether VR enhanced their learning experience 
in the cell biology course. B) Response to survey question asking 
students whether the combination of VR and a timed cell sorting 
activity improved their understanding of cellular processes. 



Downloaded from www.asmscience.org by

IP:  75.87.81.116

On: Fri, 27 Sep 2019 12:30:12

Journal of Microbiology & Biology Education  

BENNETT & SAUNDERS: IMPACT OF VIRTUAL REALITY IN THE STEM CLASSROOM

3Volume 20, Number 2

survey; undergraduate research assistant Sean Kirk for 
piloting “Journey into a Cell”; undergraduate teaching 
assistants, Mallory Soska and John Michael Wright for 
help facilitating the VR activities; and Dr. Kathryn Plank, 
Director of the Otterbein Center for Teaching and Learn-
ing for constructive feedback on the student assessment 
instrument. We thank Executive Director Erin Bender 
and Curtis Smith, Makerspace and Laboratory Operations 
Manager at The Point, and Otterbein engineering students 
for VR collaboration and trophy construction. The authors 
declare that there are no conflicts of interest.

REFERENCES

 1. Yang YJD, Allen T, Abdullahi SM, Pelphrey KA, Volkmar FR, 
Chapman SB. 2018. Neural mechanisms of behavioral change 
in young adults with high-functioning autism receiving virtual 
reality social cognition training: a pilot study. Autism Res 
11:713–725. 

 2. Kuriakose S, Lahiri U. 2017. Design of a physiology-sensitive 
VR-based social communication platform for children with 
autism. IEEE Trans Neural Syst Rehabil Eng 25:1180–1191. 

 3. Smith MJ, Smith JD, Fleming MF, Jordan N, Brown CH, Humm 
L, Olsen D, Bell MD. 2017. Mechanism of action for obtaining 
job offers with virtual reality job interview training. Psychiatr 
Serv 68:747–750. 

 4. Serino S, Pedroli E, Tuena C, De Leo G, Stramba-Badiale 
M, Goulene K, Mariotti NG, Riva G. 2017. A novel virtual 
reality-based training protocol for the enhancement of the 
“mental frame syncing” in individuals with Alzheimer’s disease: 
a development-of-concept trial. Front Aging Neurosci 9:240. 

 5. White PJ, Moussavi Z. 2016. Neurocognitive treatment for 
a patient with Alzheimer’s disease using a virtual reality 
navigational environment. J Exp Neurosci 10:129–135. 

 6. Bartlett JD, Lawrence JE, Stewart ME, Nakano N, Khanduja 
V. 2018. Does virtual reality simulation have a role in training 
trauma and orthopaedic surgeons? Bone Joint J 100-B:559–565. 

 7. Mazur T, Mansour TR, Mugge L, Medhkour A. 2018. Virtual 
reality-based simulators for cranial tumor surgery: a 
systematic review. World Neurosurg 110:414–422. 

 8. Evans CH, Schenarts KD. 2016. Evolving educational 
techniques in surgical training. Surg Clin North Am 96:71–88. 

 9. Albuha Al-Mussawi RM, Farid F. 2016. Computer-based 
technologies in dentistry: types and applications. J Dent 
(Tehran) 13:215–222. 

 10. Chamunyonga C, Burbery J, Caldwell P, Rutledge P, Fielding 
A, Crowe S. 2018. Utilising the virtual environment for 
radiotherapy training systems to support undergraduate 
teaching of IMRT, VMAT, DCAT treatment planning, and QA 
concepts. J Med Imaging Radiat Sci 49:31–38. 

 11. Hardcastle T, Wood A. 2018. The utility of virtual reality 
surgical simulation in the undergraduate otorhinolaryngology 
curriculum. J Laryngol Otol 132(12):1072–1076.

 12. Maresky HS, Oikonomou A, Ali I, Ditkofsky N, Pakkal M, 
Ballyk B. 2018. Virtual reality and cardiac anatomy: exploring 
immersive three-dimensional cardiac imaging, a pilot study 
in undergraduate medical anatomy education. Clin Anat 
32(2):238–243. 

 13. Johnston APR, Rae J, Ariotti N, Bailey B, Lilja A, Webb R, 
Ferguson C, Maher S, Davis TP, Webb RI, McGhee J, Parton 
RG. 2017. Journey to the centre of the cell: virtual reality 
immersion into scientific data. Traffic 19:105–110. 

 14. Stains M, Harshman J, Barker MK, Chasteen SV, Cole R, 
DeChenne-Peters SE, Eagan MK, Esson JM, Knight JK, Laski 
FA, Levis-Fitzgerald M, Lee CJ, Lo SM, McDonnell LM, 
McKay TA, Michelotti N, Musgrove A, Palmer MS, Plank KM, 
Rodela TM, Sanders ER, Schimpf NG, Schulte PM, Smith MK, 
Stetzer M, Van Valkenburgh B, Vinson E, Weir LK, Wendel 
PJ, Wheeler LB, Young AM. 2018. Anatomy of STEM teaching 
in North American universities. Science 359:1468–1470. 

 10 

 

 

 

 

FIGURE 2. Likert scale responses to virtual reality (VR) survey questions. A) Answers to 

whether students would recommend the VR classroom/lab activity to others. B) Likert responses 

for whether students would recommend innovative learning tools like VR in their other classes. 

 

55% 37% 

5% 

3% 

I would recommend this type of Virtual Reality 
classroom/lab activity to others. 

Strongly Agree 

Agree 

Neither agree nor disagree 

Disagree 

Strongly disagree 

52% 43% 

5% 

I would recommend the use of innovative learning tools 
like Virtual Reality in my other courses. 

Strongly Agree 

Agree 

Neither agree nor disagree 

Disagree 

Strongly disagree 

B 

A 

FIGURE 2. Likert scale responses to virtual reality (VR) survey 
questions. A) Answers to whether students would recommend 
the VR classroom/lab activity to others. B) Likert responses for 
whether students would recommend innovative learning tools like 
VR in their other classes.


