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Using a theoretical framework to understand how virtual reality influences engineering 
students’ learning processes 

 
Abstract 
 
In this work-in-progress, we conducted a study to test the validity of a previously proposed 
framework on the relationship between some salient Virtual Reality (VR) variables, students’ 
psychological presence and learning experiences in a desktop VR-based learning activity for 
civil engineering students. Participants were 63 undergraduate students enrolled in an 
engineering class who interacted with a desktop VR application for a land-surveying activity. 
Reliability analysis showed that the internal consistency reliability for the constructs were high. 
Additionally, we observed positive and significant correlations between VR attributes, presence, 
and active learning. Furthermore, we found that some VR attributes significantly predicted active 
learning. We hope that the findings of the study contribute to the research evidence on aspects of 
VR that are most salient in fostering highly engaging learning experiences and beneficial 
learning outcomes for engineering students. Additionally, we seek to advance theory-driven VR 
research in the design and development of VR applications for engineering education.  
 
1.0 Introduction  
There has been a surge of interest in the use of educational Virtual Reality (VR) technology for 
engineering instruction in recent years.	Educational VRs enable students to experience real-world 
learning activities in a simulated and safe environment [1]. Engineering instructors can facilitate 
practical learning and students can practice laboratory procedures and observe otherwise abstract 
concepts in a safe setting with little concern about the cost-related inhibitions that accompany the 
traditional instructional laboratory in engineering. Educational VRs are also employed in the 
classroom to facilitate experiential learning [2]. Students could, for example, engage in hands-on 
learning activities like manipulating virtual objects and engineering instruments. Additionally, 
students could observe and learn cause-and-effect relationships between engineering phenomena 
and even interact with engineering ideas or equipment in virtual space by modifying variables and 
recording observations. Some prior research has suggested that educational VR environments can 
support experiential learning of diverse engineering concepts [3, 4]. Furthermore, the study by 
Alhalabi [5] indicated that educational VR may be used in an engineering education context to 
facilitate learning and promote better students' performance relative to the traditional instructional 
approach to teaching certain engineering concepts. Other studies have examined learning benefits 
from VR simulations and found a significant effects on cognitive [6, 7] and non-cognitive 
outcomes [8, 9]. 
As a result of the increasing interest in educational VR in engineering education, there has been a 
commensurate increase in research efforts that examine the educational affordances of 
instructional VR. However, most current VR research in engineering education has concentrated 
on usability studies of instructional VR. While usability studies are commendable, there is an 
urgent need for studies that explore the affordances of VR for learning in engineering contexts, 
guided by proven theories of motivation and learning in extant educational research. Because many 
existing VR studies in engineering are not rooted in educational theories, we lack an explanatory 
and predictive framework for deconstructing how instructional VR can facilitate positive cognitive 
and non-cognitive outcomes in engineering classrooms.  
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Because much of VR research in engineering education focuses on the technological design of VR 
for engineering instruction, we are less informed about how VR environments can be used to 
support meaningful engineering learning experiences. Further, because VR for instructional usage 
is recent, only a few theoretical models that explore how VR facilitates positive learning outcomes 
have been proposed [10-12]. A few studies that sought to validate these models have been reported 
in the learning sciences and educational technology research literature. However, there has been 
scarce research activity to determine the validity of these models for understanding the efficacy of 
instructional VR within engineering education research.  
1.1 Study Objectives: To address this gap in engineering education instructional VR literature, this 
study investigates a recently proposed instructional VR in an engineering education context. The 
study examines the relationships between certain features of an instructional VR environment in 
an active learning context. The model of interest is discussed and outlined in the next section. 

2. Theoretical frameworks to describe learning from VR.  
With the proliferation of VR for instructional use, some scholars in the learning sciences have 
proposed theoretical models to explain how VR-based learning proffers educational benefits [10, 
13, 14]. For example Lee et al. [10] proposed a model that describes the inter-relationship between 
the features of instructional VR environment (e.g., representational fidelity and immediacy of 
control), (usability experience e.g., perceived usefulness and perceived ease of use), psychological 
factors (e.g., presence, motivation, perceptions of cognitive benefits, and reflective thinking), 
learner traits (e.g., spatial abilities and learning styles), and learning outcomes (including 
performance achievement, perceived learning effectiveness, and satisfaction).  
Lee’s conceptual framework highlighted causal links between VR features and psychological 
factors that are germane to fostering meaningful learning in instructional VR environments. The 
model is illustrated below with links showing direct effects and a dashed line showing indirect 
effects of variables on the outcomes they proposed. In their conceptual framework, Lee and 
colleagues predicted that the effect of design features of the VR environment on learning outcomes 
was mediated by usability and psychological factors of learning (e.g., presence, motivation, 
cognitive benefits, and reflective thinking).  
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Conceptual framework of VR variables, usability, psychological factors, learner traits and 
learning outcomes as described by Lee and colleagues 
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In this current study, we explore the causal relationships between elements of Lee et al.’s 
conceptual framework to examine how well some of the variables of VR features and 
psychological factors proposed by Lee and co are relevant to a VR-based learning situation in an 
engineering learning context. This research effort could inform best practices and enlighten 
instructional designers and educators on design features that are salient in promoting the 
effectiveness of desktop VR-based instructions in engineering education.  

 
3. Methods.  

3.1 Participants and Data Collection procedure  
Participants consisted of 63 undergraduate civil engineering students who enrolled in a land-
surveying course at a public research institution in the United States. Students were assigned to 
two lab sessions as part of the lab activity, during which they interacted with a desktop VR (Refer 
to Fig. 2) application for a land-surveying designed by a VR design team in the institution. 
Following the lab activity, participants were asked to respond to survey items about their 
experience in the VR environment. The survey items were adapted from prior research and were 
rated on a seven-point Likert Scale that ranging from 1 (being "Strongly disagree") to 7 (being 
"Strongly agree"). 

 

 
 

Fig 2. A land-surveying VR-based simulation  
3. 2 Materials  
The questionnaire used in this study included items adapted from Lee et al. [10]. Two constructs 
related to educational VR technology's attributes: representational fidelity and immediacy of 
control with three items adapted from. Representational fidelity items assessed how the degree of 
realism provided by the 3D-images of the VR aided their understanding, e.g., the realism of the 
3D-images motivates me to learn, the realism of the 3-D enhances my understanding. Additionally, 
four items adapted from Lee et al. [10] were used to measure immediacy of control.  Items assessed 
the ability to manipulate the objects or view positions in the VR application, e.g., the ability to 
manipulate the objects within the virtual environment makes learning more motivating and 
interesting.  
Six items derived from Sutcliffe, et al. [15] were used to assess presence. These items assessed the 
subjective experience of ‘being involved’ with the VR application, e.g., I was involved in the 
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experimental task to the extent that I lost track of time, I was involved in the virtual environment 
experience. Furthermore, five items derived from Lee et al. [10] were used to measure control and 
active learning. These items assessed students' control over their learning, their engagement in the 
learning activity, and their active processing of the learning activity e.g., this type of virtual reality 
allows me to have more control over my learning, this type of virtual reality helps to get me 
engaged in the learning activity. Demographic items such as age, gender, and college classification 
were included in the survey. 
4. Data Analysis and Results 

All analyses were conducted in IBM SPSS version 25.0. First, we carried out preliminary analysis 
to ascertain the internal consistency of the constructs used in this study. Secondly, we used Pearson 
correlation analysis to determine the strength and direction of relationships between VR features, 
presence, and active learning when using the VR application. Finally, we used regression analysis 
to establish the relative contribution of these correlations to predicting active learning when 
learning with engineering VR applications. Cronbach alpha values greater than or equal to 0.70 
suggest acceptable reliability estimates [16]. 
 
4.1 Internal Consistency Evidence: The variables examined in the study exceeded the acceptable 
reliability value of Cronbach’s alpha. The internal consistency reliability of the VR feature 
variables, i.e., representational fidelity and immediacy of control were 0.84 and 0.91, respectively. 
The internal consistency Cronbach’s alpha for presence was 0.79, while that of the control and 
active learning constructs had an internal consistency Cronbach’s alpha of 0.89. The descriptive 
statistics and internal consistency of all constructs are shown in Table 1. 
Table 1.  
Descriptive statistics and reliability coefficients for the variables. 

Variables of interest Category M SD Cronbach 
α  

Representational Fidelity 
VR features 

4.49 1.32 0.91 

Immediacy of control 4.38 1.20 0.84 

Presence Psychological 
factor 4.67 1.50 0.79 

Control and Active 
Learning Student learning 4.89 1.25 0.89 

 
4.2 Correlational Analysis: We examined correlations between VR features (i.e., representational 
fidelity and immediacy of control), and students' psychological presence and active learning. 
Positive and significant relationship were identified between the VR attributes, presence, and 
active learning. Immediacy of control was positively related to representational fidelity (r = 0.78). 
Additionally, presence was significantly correlated with two VR features – representational 
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fidelity and immediacy of control (r = 0.72, 0.81 respectively). Finally, active learning was found 
to be associated with VR features and psychological presence (r = 0.71 ~ 0.8). Refer to Table 2. 
Table 2.  
Correlation coefficients among variables 

  Variables 1 2 3 4 

1 Representational fidelity 1 .78** .72** .71** 

2 Immediacy of control  1 .81** .87** 
3 Presence   1 .82** 
4 Active learning    1 

Note. **<.05 
 
4.3 Regression Analysis: Finally, we used regression analysis to examine the relative contributions 
of two variables of VR environment features, psychological presence, and active learning. The 
first model represented representational fidelity and immediacy of control (both VR attributes), 
but the second model incorporated students' psychological involvement (presence) when learning 
via the VR application. Overall, the model explained 80 % of the variance in the outcome variable. 
The first regression model revealed that immediacy of control was the only significant predictor 
of active learning (β = 0.82, p < .001).	Representational fidelity was not a significant antecedent 
to active learning. The first model explained 76% of the variance in active learning outcome #! =
	. 76, ()*. #! =	 .75). Presence was included as a predictor of active learning in the second model. 
The second model revealed that the presence and immediacy of control strongly predicted active 
learning and accounted for almost 80% of the variance in the outcome measure, (#! =
	. 80, ()*. #! =	 .79).	Immediacy of control was a significant predictor of active learning (1 =
0.61, 3 = 5.34, 6 < 	 .01). Additionally, it was observed that presence was a significant predictor 
of active learning (1 = 0.35, 3 = 3.38, 6 < 	 .001). 

5. Discussions and Scholarly Implications 

These findings demonstrate that the relationships between VR features and presence are congruent 
with established theoretical propositions in the educational VR literature. Prior studies have 
indicated that the degree of immersion or realism provided by a VR environment influences 
presence. Dalgarno [17], for example, argued that presence is dependent on the rendering fidelity 
of a VR environment. A meta-analysis of 115 effect sizes from 83 studies indicates that there is a 
positive correlation between the degree of realism provided by a VR and student’s presence [14]. 
Makransky, et al. [18] investigated the effect of the degree of immersion in a VR environment on 
presence when using VR to learn biological concepts. Their findings suggest that more immersive 
VRs affords a greater sense of presence.  

 
Our findings indicate that building VR applications with more realistic three-dimensional (3D) 
graphics may have a positive effect on the psychological involvement of learners in VR activities. 
The development of instructional VR applications that have more realistic 3D visuals of 
engineering content may have a greater likelihood of increasing student’s psychological 
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engagement with VR-based instructional activities. Additionally, the positive and significant 
relationship between immediacy of control and presence suggests that VR applications might have 
a positive psychological effect on users’ cognitive involvement with their activity when they are 
able to manipulate and control objects in a VR environment. These findings may have relevance 
for instructional designers who wish to create VR programs that are more realistic and interactive. 
No doubt, enhancing student’s sense of presence may inspire them to be cognitively active during 
the learning process. 
The regression analysis suggested that immediacy of control and presence explained 79% of the 
variance in students' active learning during the VR activity. These findings suggest that the ability 
to manipulate objects in educational VR environments may increase cognitive engagement with 
the instructional content, while merely introducing learners to a VR-based learning opportunity 
may not be sufficient. Invariably, it may be crucial that effective instructional VR environments 
are designed to facilitate more meaningful learner-content interaction. 
In our study, an intriguing finding, or lack thereof, was that representational fidelity was not a 
major predictor of active learning. The results corroborate prior research demonstrating that 
immersion level does not always correlate with higher learning outcomes [18, 19]. Some studies 
have also reported that learning via low-immersive media produces superior learning outcomes 
compared to learning via high-immersive media [20-22]. This would indicate that immersion may 
not always lead to positive learning outcomes. Prior studies have indicated that immersion is 
important for engendering presence, which implies that immersion is an important VR feature. 
Nonetheless, our study seems to indicate that interactivity may be more salient in fostering 
engaging learning experiences for engineering students. Perhaps there are boundary conditions of 
the effects of immersion on positive learning outcomes that need to be further explored in future 
studies. In practice, our findings might imply that educators and VR developers may prioritize VR 
interactivity features over immersion or realism.  

6. Conclusion and Future Directions 

Our study provides preliminary evidence for the characteristics of VR that may be important for 
fostering highly engaging learning experiences and positive learning outcomes in engineering 
education. The study examined elements of a previously established theoretical framework in the 
literature regarding the relevant variables associated with the process of learning in VR. One 
limitation of this study was that we examined the relationships between these factors using a 
portion of the constructs (four) proposed by Lee et al. In the future, we will incorporate additional 
constructs related to the processes of learning through VR. Future studies will also include 
examining how students’ interactions with and engagement in VR-based instruction stimulate 
motivation and satisfaction with their learning experience. Such studies may inspire the design of 
beneficial VR-based learning in engineering education contexts. 



7 
 

Table 3.  
Summary of Hierarchical Regression Analysis: Using VR features, psychological factors as predictors of Active Learning 

Model Variables  Unstandardized 
Coefficients 

SE Standardized 
Coefficients 

t Sig. R2 Adjusted 
R2 

∆R2 

 B β 
1 Representational 

fidelity 
 0.86 0.56 0.61 0.59 0.55 0.76 0.75    

 
Immediacy of 
control 

 0.79 0.09 0.82 8.01 0.00**   

2 Representational 
fidelity 

 -0.02 0.96 -0.023 -0.23 0.82 0.80 0.79 0.40** 

  Immediacy of 
control 

 5.88 0.11 0.61 5.34 0.00** 
 

Presence  0.33 0.09 0.35 3.38 0.00*** 

Note. **<.01 ***<.0
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Appendix 
Description and Sample of Items used in this study 
 
Representation fidelity: Degree of realism provided by the 3D-images of the VR aided their 
understanding. 
1. The realism of the 3-D images motivates me to learn  
2. The realism of the 3-D images helps to enhance my understanding.  
 
Immediacy of control: Ability to manipulate the objects or view positions in the VR 
application. 
1. The ability to change the view positions of the 3-D objects allow me to learn better  
2. The ability to manipulate the objects in real time helps to enhance my understanding.  
 
Presence: Subjective experience of involvement with the VR environment 
1. I was involved in the virtual environment experience 
2. My interaction with the simulation environment seemed natural  
 
Control/Active learning: Psychological state of active processing, engagement and control 
when learning from the VR application.  
1. This type of virtual reality helps me to have a better overview of the content learned 
2. This type of virtual reality allows me to have more control over my learning 
 
Note. Full survey items are in [6], [11] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


