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Abstract 
The availability of low-cost virtual reality (VR) hardware and software provides opportunities to 
utilize its unique characteristics in higher education. Lessons designed for immersive learning in 
VR have to carefully take into consideration the affordances of virtual reality. Thus, 
appropriately designed VR lessons would positively impact student engagement. This paper 
provides details of the development of VR lessons for undergraduate students in introductory 
courses in five STEM disciplines. These developed lessons were implemented at an HBCU. The 
hardware and an off-the-shelf software for developing the VR lessons are shared. The participant 
attitudes and engagement to learn with the VR technology were investigated using items from 
validated instruments. The perceptions of the students about VR usability were also measured. 
Analysis of data indicates a positive impact on student attitudes and engagement with the 
content. This project is supported by NSF grant # 1912047. 
 
Introduction 
Virtual reality (VR) has rapidly moved from being an expensive novelty to an easily accessible 
technology making inroads into a variety of domains including the military, scientific, 
entertainment and training domains. A timeline of the development of VR is given in [1], [2], [3] 
which traces the changes in technology from stereoscopic viewers to the current very powerful 
standalone VR headsets providing highly realistic immersive experiences. In recent years, the 
visual immersion is being augmented by the ability to interact with the virtual environment using 
wands or controllers and even fingers. In some applications, the use of motion platforms [4], [5] 
further amplifies the realism of the virtual environment. Along with the development of 
functionality and realism, VR has seen a continuous rise in its affordability and a mushrooming 
software and hardware industry [6], [7].  
 
The expansion of VR applications to education was but obvious. This aspect is recognized by 
parents. In a study in 2017 [8], of over 12,000 parents, 64% of them who did not own a VR 
device were of the opinion that VR will provide educational experiences, as compared to 84% of 
the parents who owned a VR device. According to a 2018 survey [9], 28% of a sample of 350 
university respondents had deployed VR to some extent and 53% had plans to do so. A review of 
literature [10] spanning a period of ten years, noted the lack of empirical data on the 
effectiveness of the VR environment’s impact on attitudes and learning outcomes. One of the 
biggest challenges that VR learning is grappling with, is developing pedagogically appropriate 
content that utilizes the unique affordances of VR. Most of the VR experiences in education are 



field visits to inaccessible locations either due to cost or safety, exploring the three-
dimensionality of scientific models and interacting with their spatial relations [11]. 
 
This paper provides results of a study that measured students perceptions of VR lessons 
experienced by them during several introductory undergraduate STEM courses. The hardware 
and software used to develop the VR lessons are also discussed. 
 
Method 
The study was conducted at an HBCU. VR lessons developed and implemented in aerospace 
engineering (AENG), Biology (BIOL) electrical engineering (EENG), mathematics (MATH), 
and physics (PHYS). The VR lessons were based on the feedback of undergraduate research 
assistants of topics/concepts they found challenging since they had already taken those courses. 
The lessons were designed for implementation in an immersive headset environment. However, 
due to COVID protocols, the students experienced the lessons on their computers. 
 
Materials: The VR lessons were developed using the CoSpaces (www.cospaces.io) software. 
The software was chosen for its shallow learning curve despite functionalities such as event 
control, camera viewpoint control, avatars and solid shape primitives, allocation of physics to 
entities, movement control, import of audio, video and solid 3-D model files. The hardware for 
the immersive experience were the ClassVR headsets (www.classvr.com). These headsets can be 
managed centrally by the instructor through Bluetooth or Wi-Fi. A classroom management 
system delivers lessons to individual headsets or even all the headsets simultaneously, track 
students through real time display of what they are looking at, and direct attention at appropriate 
points of interest. A total of 15 lesson were developed and implemented during the Spring 2021 
semester. The titles of the lessons and their links are given in Tables I and II. 
 
 Lesson #1 Lesson #2 Lesson #3 
Aerospace Engineering 
(AENG) 

Orthographic and 
Isometric Views 

Bending Stresses in 
Beam 

Shear Stresses in 
Beams 

Biology  
(BIOL) 

Chromosome 
Abbreviation 

Fusion gene Cell signaling 

Electrical Engineering 
(EENG) 

Understanding 
Ohm’s Law  

Maximum Power 
Transfer 

Operand Addressing 
Modes 

Mathematics 
(MATH) 

Laplace Transform Riemann Sum 
Application 

Vector VR Lesson 

Physics 
(PHYS) 

Projectile Motion Work and Energy Inclined Plane 

Table I: VR Lessons 
 
The links to the lessons are given below in Table II. 

Discipline Lesson 
# 

weblink 

 
Aerospace Engineering 

1 https://edu.cospaces.io/BJX-MGA 
2 https://edu.cospaces.io/QUV-NQH  
3 https://edu.cospaces.io/TDZ-DTH  

 1 https://edu.cospaces.io/EGLHZY  



Biology 2 https://edu.cospaces.io/GHRWUV  
3 https://edu.cospaces.io/UJJLPE  

 
Electrical Engineering 

1 https://edu.cospaces.io/TLM-CKC  
2 https://edu.cospaces.io/CBK-KHS  
3 https://edu.cospaces.io/AYP-NQB  

 
Mathematics 

1 https://edu.cospaces.io/YWQ-YEK 
2 https://edu.cospaces.io/FHJ-GGE  
3 https://edu.cospaces.io/ULL-ZUG 

 
Physics 

1 https://edu.cospaces.io/XAYGSR  
2 https://edu.cospaces.io/GNSZHU  
3 https://edu.cospaces.io/CTMUHZ  

Table II: VR Lesson Link 
 
The students who were enrolled in the classes where VR lessons were implemented, were 
surveyed using a 5-point Likert-scale questionnaire with 5 - strongly agree (SA), 4 - agree (A), 3 
- neutral (N), 2- disagree (D), 1 - strongly disagree (SD). The questionnaire had 29 questions, 
and measured usability (3 questions), engagement (3 questions), effectiveness (14 questions), 
and impact of VR (9 questions). 
 
Participants: A total of 199 students from an HBCU who experienced the VR lessons responded 
the survey that was administered towards the end of the semester. The VR course title and the 
corresponding number of participants are given in Table III.  
 
AENG200: 
Introduction to 
Aerospace Eng. Lab 
(N=22) 

BIOL250: 
Molecular Cell 
and Genetic 
Biology (N=27) 

EENG360: 
Microprocessors 
(N=8) 

Math108: Pre-
Calculus and 
Trigonometry 
(N=29) 

PHYS310: 
General 
Physics I 
(N=22) 

AENG242: 
Aerospace 
Structures I (N=21) 

BIOL251: 
Molecular Cell 
and Genetic 
Biology (N=19) 

EENG221:  
Linear Network 
and Circuit I 
(N=3) 

MATH307: 
Differential 
Equations 
(N=11) 

PHYS313: 
General 
Physics I 
Lab (N=37) 

Table III: VR Course and Number (N) of Respondents  
 
Results and Discussion 
The responses of 196 participants excluding the respondents for EENG 221 (N=3) to the 
questionnaire, were averaged for each item from each dimension and are shown in Fig. 1a and 
Fig. 1b. The averages were observed in the direction of agreeing with statements pertaining to 
usability, engagement, effectiveness, and impact of the VR lessons. 



   
 
 
 
The data were analyzed for each course in each discipline except for EENG 221 due to the low 
number of respondents. 
 
Implementation in Aerospace Engineering 
The VR lessons were implemented in AENG 200 (N = 22) and AENG 242 (N =21). The 
responses of the students of AENG 200 are given in Fig. 2a and Fig. 2b.  
 

             
  
 
 
It was observed that the trend of the average of the responses to each of the four dimensions was 
towards agreement. The highest average was for question number 2 (Q2) in the effectiveness 
dimension which pertained to completing all the activities of the lesson. The lowest average 
(closest to a neutral response) was for Q7 in the effectiveness dimension which was about the 
sense of presence. This result was expected as the lessons were not experienced in an immersive 
environment. The average of responses to Q8 of the impact dimension which pertained to the 
impact of VR lessons on interest in a STEM-related career was the largest. The average for the 
impact dimension was the highest at 4.08 compared to the other three dimensions. 
 

Figure 1a: Usability, engagement, effectiveness 
average responses - All respondents 

Figure 1b: Impact of VR - average responses 
All respondents 

Figure 2a: Usability, engagement, effectiveness 
average responses - AENG200 respondents 

Figure 2b: Impact of VR - average responses 
AENG200 respondents 



The averages of responses by the students of AENG 242 are given in Fig. 3a and Fig. 3b.  
 

  
 
 
 
The averages of the responses to the items of all four dimensions were in the direction of 
agreeing with the statements of the questionnaire (Figs. 3a, 3b). The largest average of the three 
dimensions in figure 3a was for Q1 of the usability dimension indicating that the students were 
comfortable in exploring and interacting with the VR lesson. The average of responses to the 
question about presence (Q7) of effectiveness dimension was the lowest, in fact less than 3 
compared to all three dimensions (Fig. 3a). The VR lessons had the largest impact on the 
students’ desire to complete a STEM degree (Q9, Fig. 3b). 
 
Implementation in Biology 
The VR lessons were implemented in BIOL 250 (N = 27) and BIOL 308 (N = 19). The averages 
of responses of the students in BIOL 250 are given in Fig. 4a and Fig. 4b. The students were 
slightly above neutral in their assessment of the usability of the lesson (Fig. 4a). The highest 
average of the responses was for Q2 of the engagement domain and Q9 of the effectiveness 
domain. They engaged in the learning process and felt that the VR lesson made comprehension 
easier (Q2, engagement dimension). The average responses to Q5 about the ability to review the 
lesson in the effectiveness dimension was the lowest and about neutral (Fig. 4a) compared to the 
three dimensions. The average of responses to the impact dimension (Fig. 4b) was higher than 
the other three dimensions (Fig. 4a). The highest average in the impact dimension was for Q9, 
indicating the impact of the VR lesson on the desire to complete a STEM-related degree.  
 
 

Figure 3a: Usability, engagement, effectiveness 
average responses - AENG242 respondents 

Figure 3b: Impact of VR - average responses 
AENG242 respondents 



  
 
 
 
The perceptions of the students to the VR lesson in BIOL 308 are given in Fig. 5a and Fig. 5b. 
The highest average was for Q1 of the usability dimension which indicated the level of comfort 
while exploring the VR lesson (Fig. 5a). The students felt that the VR lesson was not very 
helpful in memorization as the average for Q10 (effectiveness dimension) was less than 3. This 
perhaps was because the lesson emphasized understanding rather than memorization. The highest 
response to the questions on the impact of VR lessons (Fig. 5b) was to Q9 indicating students’ 
desire to complete a STEM-related degree. The lowest average of the responses was to Q3 of the 
impact dimension indicating that the VR lesson did not have much impact on their interest in the 
topic. 
 
 

  
 
 
 
Implementation in Electrical Engineering 
The responses of EENG 360 students are given in Fig. 6a and Fig. 6b. The data indicated a 
strong impact of the VR lesson (Fig. 6b). The highest average was for Q9 of the impact 
dimension which showed a keen desire to complete a STEM related degree. Of the other three 
dimensions (Fig. 6a), Q3 of the usability dimension which pertained to the user-friendliness of 
the interface, registered the largest average. The students were not satisfied with the ease of 

Figure 4a: Usability, engagement, effectiveness 
average responses - BIOL250 respondents 

Figure 4b: Impact of VR - average responses 
BIOL250 respondents 

Figure 5a: Usability, engagement, effectiveness 
average responses - BIOL308 respondents 

Figure 5b: Impact of VR - average responses 
BIOL308 respondents 



understanding of the content (Q1), effectively complete the activities (Q2), and complete the 
homework (Q3), as indicated by slightly lower averages than neutral (Fig. 6a). 
 

  
 
 
 
Implementation in Mathematics 
The VR lessons were implemented in MATH 108 (Pre-Calculus Trigonometry) and MATH 307 
(Differential Equations). The responses of the students of MATH 108 are given in Fig. 7a and 
Fig. 7b.  
 

  
 
 
 
In general, the averages of the responses of math students were in the direction of agreeing with 
the statements of the survey in the three dimensions (Fig. 7a). The highest average of the 
responses in the usability dimension as well as overall, was of Q3 pointing to the user-
friendliness of the interface of the VR lessons (Fig. 7a). The active engagement with the VR 
lesson was relatively high average of Q2 of the engagement dimension. In the effectiveness 
dimension, Q6 which was about satisfaction with the approach in which the concepts were 
covered, had the highest average. In the impact dimension (Fig. 7b), the highest averages were 
for Q6 (utility to career) and Q9 (desire to complete a STEM related degree). The lowest 

Figure 6a: Usability, engagement, effectiveness 
average responses - EENG360 respondents 

Figure 6b: Impact of VR - average responses 
EENG360 respondents 

Figure 7a: Usability, engagement, effectiveness 
average responses - MATH108 respondents 

Figure 7b: Impact of VR - average responses 
MATH108 respondents 



average, trending towards disagreement was of Q3 which indicated that the VR lesson did not 
much impact the interest level in the topics. 
 
The averages of the responses to MATH 307 (Differential Equations) are given in Fig. 8a and 
Fig. 8b. The highest average of responses to the question of the usability, engagement and 
effectiveness dimensions was to Q2 of the engagement dimension indicating that the students 
were engaged by the VR lesson (Fig. 7a). The highest average in the effectiveness dimension 
was for Q1 for ease of understanding the content. The lowest average was for Q13 of the 
effectiveness dimension which indicated an opportunity to review the lesson and more explicitly 
identify the critical concepts in the lesson. In the impact dimension (Fig. 8b), the highest average 
was for Q8 which is about interest in a STEM-related career. The lowest average though still 
towards agreement with the statement, was for Q5 concerning the impact of VR lessons on 
motivation to learn.   
 

   
 
 
 
Implementation in Physics 
The VR lessons were implemented in PHYS 310 (General Physics-I) and PHYS 313 (General 
Physics - I Lab). The responses of the students in PHYS 310 are shown in Fig. 9a and Fig. 9b. 
 

                                                                   

Figure 8a: Usability, engagement, effectiveness 
average responses - MATH307 respondents 

Figure 8b: Impact of VR - average responses 
MATH307 respondents 

Figure 9a: Usability, engagement, effectiveness 
average responses - PHYS310 respondents 

Figure 9b: Impact of VR - average responses 
PHYS310 respondents 



The highest average response was for Q2 (effectiveness dimension) indicating the effectiveness 
of the VR lesson in completing the homework, followed by Q1 of engagement dimension which 
is active involvement of the students with the lesson (Fig. 9a). The lowest average was for Q7 
(effectiveness dimension) pertaining to sense of presence which was expected since the 
immersive headsets were not used. In the impact dimension (Fig. 9b), Q6 which pertained to 
utility of the content in future career registered the highest average. The lowest average was for 
the impact on the desire to complete a degree related to STEM. 
 
The averages of the responses of the students of PHYS 313 are given in Fig. 10a and Fig. 10b. 
The average of the responses in all the three dimensions (usability, engagement, and 
effectiveness) show a trend towards agreeing with the statements of the survey (Fig. 10a). The 
highest average was for Q5 of the effectiveness dimension which pertains to the ability of being 
able to review the lesson in case of a mistake. Engagement in the VR lesson was indicated by the 
average of Q3 which was the highest of the three items in the engagement dimension (Fig. 10a). 
For the impact dimension (Fig. 10b), the highest average was for Q9 which pertained to the 
desire to complete a STEM degree. The VR lesson had the least impact on the student interest in 
taking similar classes (Q7). 
 

  
 
 
 
The averages for each question for each of the five disciplines are shown in Fig. 11a and Fig. 
11b. For almost all the questions of the survey, the averages of the responses of the math 
students were the highest in all the three dimensions of usability, engagement, and effectiveness 
(Fig. 11a). This was followed by the students of aerospace engineering. The lowest average was 
of the students of electrical engineering; the reason of which could be that there were only 8 
students who responded to the survey.  
For the impact dimension (Fig. 11b), the trend is different. The impact of the VR lessons on the 
perceptions is the highest for the electrical engineering students. However, the fewer respondents 
could be the reason. Aerospace engineering and biology students have the next highest averages. 
The lowest impact is reported by students of math. This low impact on the math students could 
be that these classes consisted of students from various majors. This is indicated by their low 
average of the responses to statement of Q3 (interest in the topic). A low average was also noted 

Figure 10a: Usability, engagement, effectiveness 
average responses - PHYS313 respondents 

Figure 10b: Impact of VR - average responses 
PHYS313 respondents 



for students of physics. A similar reason like math could be that students are from various 
majors. 
 
Statistical Comparison 
The responses for each dimension for the courses in each major were compared using an 
independent sample two-tailed t-test (p < 0.05). The means for each dimension and each course 
except for electrical engineering are given in Table IV. Statistically significant differences were 
observed in all dimensions of AENG courses. In BIOL courses, the difference between the two 
courses in the usability and impact dimensions were not significant. In math courses, the 
difference in means was statistically significant only in the impact dimension. In the physics 
courses, the differences in means were statistically significant of all dimensions except the 
engagement dimension. 
 
* p < 0.05 AENG BIOL MATH PHYS 
Course# 200 242 250 308 108 307 310 313 
Usability 3.86* 3.44* 3.14 3.21 3.89 3.61 3.47* 3.67* 
Engagement 3.70* 3.33* 3.36* 3.12* 3.55 3.67 3.29 3.63 
Effectiveness 3.75* 3.21* 3.28* 3.09* 3.63 3.63 3.23* 3.66* 
Impact 4.08* 3.83* 3.88 3.91 3.22* 3.88* 3.55* 3.96* 
Table IV: Statistical comparison 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 11a: Usability, engagement, effectiveness average responses - by discipline 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Conclusions and Future Work 
The design and implementation of VR lessons in STEM disciplines provided useful insight into 
the integration process of the VR lessons in higher education. The students experiencing the VR 
lessons found them engaging, effective and having an impact on their perceptions of the courses. 
The data analysis indicated that students in aerospace engineering, electrical engineering, 
mathematics, and physics rated the usability of VR lessons higher than engagement and 
effectiveness dimensions while biology students rated engagement higher than usability and 
effectiveness dimensions. The highest average of the four dimensions was reported for the 
impact dimension by students from all five disciplines. The data analyses also indicated 
statistically significant differences between the courses within each discipline. This analysis will 
assist the authors in critically reviewing the design of the VR lessons from the aspect of the four 
dimensions to identify improvement strategies. 
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Appendix A 
Survey Questions 
5 - Strongly Agree, 4 - Agree, 3 - Neutral, 2 - Disagree, 1 - Strongly Disagree 
 
Usability Dimension 
1. I felt comfortable exploring and interacting during the VR lesson(s).  
2. The information and instructions for the VR lesson(s) helped me explore and interact 
effectively with the lesson(s). 
3. The interface of the VR lesson(s) was/were user-friendly. 
 
Engagement Dimension 
1. I was actively involved during the VR lesson(s). 
2. Using VR allowed me to be more active in the learning process. 
3. Using VR helped me engage more in the learning process.  



 
Effectiveness Dimension 
1. Overall, I am satisfied with how easy it was to understand the content explained with virtual 
reality (VR). 
2. I was able to effectively complete the activities in the VR lesson(s). 
3. I was able to effectively complete the homework related to the topic(s) addressed in the VR 
lesson(s). 
4. I believe I became more confident about the content explored in the VR lesson(s).  
5. Whenever I made a mistake, I was able to review the VR lesson(s) and correct it.  
6. Overall, I am satisfied with how VR was used to explore  concepts covered in the lesson(s). 
7. There was sense of presence (being there) while learning with VR.  
8. Using VR allowed me to have more control over my learning.  
9. Using VR helped make comprehension easier. 
10. Using VR helped make memorization easier. 
11.Using VR helped improve the application of knowledge.  
12. Using VR helped provide a better overview of the content.  
13. Using VR helped to identify the critical concepts from topics in the lesson(s).  
14. Using VR helped in making connections among the critical concepts. 
 
Impact Dimension 
Please indicate the extent to which the use of virtual reality (VR) for topics in this class has 
improved each of the following  
1. Your knowledge of course concepts. 
2. Your understanding of how course concepts can be applied. 
3. Your interest in the topics in this class. 
4. Your confidence that you will understand the major concepts in this class. 
5. Your motivation to learn as much as you can in this class and other related classes. 
6. Your belief that the content in this class will be useful to your future career. 
7. Your intent or interest in taking more classes like this one. 
8. Your interest in a STEM-related career. 
9. You desire to complete a degree related to STEM. 


