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Addressing a critical gap in the understanding of virtual reality (VR) in education, 
this study develops and validates a predictive model to elucidate the influence 
of usability and spatial ability on learning satisfaction among art and design 
undergraduates. Utilizing structural equation modeling on data from 105 art 
and design students in Mexico, we  demonstrate that enhanced usability and 
spatial ability in VR significantly predicts increased learning satisfaction, which 
in turn, positively affects motivation, cognitive benefits, reflective thinking, 
and perceived learning. Our findings reveal a direct correlation between VR 
environment design and educational outcomes, suggesting that meticulous 
attention to usability and spatial navigation can substantially elevate the learning 
experience in art and design students. This research contributes to educational 
technology by offering empirical evidence on optimizing VR for higher 
education, with implications for curriculum design and pedagogical strategies 
in creative disciplines.
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1 Introduction

The advent of virtual reality (VR) technology has revolutionized educational 
methodologies over the past few decades, offering novel tools that significantly enrich learning 
experiences (Marougkas et al., 2023). Notably, VR stands out for its ability to immerse students 
in interactive and stimulating environments, thereby fostering deeper and more meaningful 
learning processes. This technology is particularly beneficial in art and design education, 
where sensory experience and spatial perception are crucial to the learning journey (Kerr and 
Lawson, 2020; Guerra-Tamez, 2023).

Drawing from a constructivist theory, which posits learning as an active process wherein 
students construct new ideas or concepts based on their current knowledge and experiences 
(Pande and Bharathi, 2020), VR environments serve as an ideal platform for implementing 
these principles (Soliman et al., 2021). The immersive and interactive nature of VR allows art 
and design students not only to observe but also to actively engage in their educational process, 
thus facilitating more effective and personalized knowledge construction (Guerra-
Tamez, 2023).
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This study aims to develop and validate a predictive model using 
structural equations to explore how usability and spatial ability in VR 
environments influence undergraduate art and design students’ 
satisfaction. Student satisfaction, viewed as an indicator of the quality 
and effectiveness of the educational experience, is hypothesized to be a 
key predictor of learning success. Furthermore, the study examines 
how this satisfaction impacts essential aspects of learning,  
including motivation, cognitive benefits, reflective thinking, and 
perceived learning.

Investigating these relationships is crucial for understanding how 
emerging technologies like VR can be  optimized to enhance 
education. As VR becomes a more accessible and prevalent 
educational tool, identifying and addressing factors that influence the 
quality of students’ learning experiences is paramount. This research 
contributes to the existing literature by providing a detailed analysis 
of how usability and spatial ability in VR affect satisfaction and, 
consequently, learning outcomes in specific educational contexts.

2 Literature review

2.1 Virtual reality in education

VR has emerged as a transformative catalyst in education, offering 
interactive virtual environments that support immersion and active 
engagement (Won et al., 2023). Studies have shown that VR facilitates 
deeper understanding and knowledge retention by promoting 
hands-on learning experiences, which are crucial in disciplines where 
direct experience and object manipulation play key roles (Di Natale 
et  al., 2020; Hamilton et  al., 2021). Specifically, art and design 
education benefits significantly from the implementation of VR, as it 
enhances sensory experiences and spatial perception, essential 
elements for skill development in these areas (Guerra-Tamez, 2023). 
The specific literature in this field indicates that VR not only improves 
students’ design skills and visual perception but also provides an 
unparalleled medium for creative and technical exploration in an 
environment free from the physical limitations of the real world 
(Bourgeois-Bougrine et al., 2020). This enriched approach promises 
to revolutionize pedagogy in art and design, preparing students for the 
challenges of today’s professional landscape through a more dynamic 
and interactive education.

2.2 Constructivist theory and virtual reality

Integrating VR into educational paradigms dovetails seamlessly 
with the principles of constructivist theory, which champions active 
learner engagement and the construction of knowledge within one’s 
learning environment. Constructivism suggests that meaningful 
learning transpires as students interact with their surroundings, 
engaging in exploration, experimentation, and reflection (Pande and 
Bharathi, 2020). This educational philosophy underscores the 
significance of learner-centric experiences, positing that students forge 
new understandings from their pre-existing knowledge and 
experiences (Du Plessis, 2020). VR, with its immersive and interactive 
capacities, offers a quintessential platform for facilitating such 
constructivist learning modalities. This is particularly pertinent in 

disciplines such as art and design, where sensory experiences and 
spatial awareness are paramount (Kerr and Lawson, 2020).

The immersive attributes of VR in art and design education allow 
students to delve deeply into content, affording them the opportunity 
to directly manipulate design elements and spatial configurations. This 
hands-on methodology bolsters the application of theoretical concepts 
in practical scenarios, thereby engendering a more profound 
comprehension of intricate spatial relationships and design principles 
(Guerra-Tamez, 2023). This segues into the significance of usability 
and spatial ability in VR underpins the seamless integration of 
technology and pedagogy.

2.3 Usability and spatial ability in virtual 
reality

Delving deeper into the nexus between technology and pedagogy 
within VR learning environments, the paramount importance of 
usability and spatial ability becomes evident. Usability, defined in 
terms of user interface design and navigational ease within VR 
platforms, plays a critical role in mediating the learning experience 
(Huang and Lee, 2022). Empirical research has consistently 
demonstrated that a high degree of usability significantly mitigates 
cognitive overload and user frustration (Makransky and Petersen, 
2019; Birt and Vasilevski, 2021; Hammady et al., 2021). This, in turn, 
facilitates a more efficient navigation and exploration of the virtual 
space, thereby allowing learners to allocate their cognitive resources 
more effectively toward the assimilation of new knowledge (Kuo et al., 
2023). Such an environment is particularly conducive to disciplines 
that demand a nuanced manipulation of visual and spatial elements, 
underscoring the necessity for VR interfaces that are both intuitive 
and responsive (Wee et al., 2021).

In parallel, the enhancement of spatial ability through engagement 
with VR technologies emerges as a critical factor in the success of 
learners in design-oriented fields (Wu et al., 2020; Hamilton et al., 
2021). Spatial ability, crucial for tasks requiring the visualization and 
manipulation of three-dimensional objects and spaces, is substantially 
bolstered by immersive experiences in VR (Starrett et  al., 2021). 
Quantitative studies have validated the direct correlation between 
augmented spatial skills and improvements in student performance 
and satisfaction levels (Sun et al., 2019; Makransky et al., 2020). This 
correlation evidences the instrumental role of VR in not only 
facilitating a deeper understanding of spatial relationships but also in 
significantly advancing learners’ competencies in design and artistic 
endeavors (Ho et al., 2019; Obeid and Demirkan, 2023). Consequently, 
the integration of VR into educational frameworks, when executed 
with a focus on optimizing usability and leveraging the potential for 
spatial skill development, presents a compelling avenue for enhancing 
educational outcomes across visually intensive disciplines.

2.4 Student satisfaction and learning 
outcomes

Transitioning from the critical analysis of usability and spatial 
ability within VR learning environments, the discourse naturally 
extends to the realm of student satisfaction and its consequential 
impact on learning outcomes (Hamutoglu et  al., 2020). Student 
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satisfaction serves as a pivotal metric for assessing the quality and 
efficacy of the educational experience, encapsulating the learner’s 
overall contentment and engagement with the instructional process 
(Bahati et  al., 2019). Empirical evidence robustly supports the 
assertion that heightened levels of student satisfaction are inextricably 
linked to a plethora of positive educational outcomes (Alqurashi, 
2019; Choe et  al., 2019; Zhonggen et  al., 2019). These include 
enhanced motivation (Yu et al., 2021), augmented cognitive benefits 
(Zhonggen et al., 2019), refined reflective thinking abilities (Chen 
et al., 2019), and perceived learning (Alqurashi, 2019). Specifically, 
within the context of VR-enhanced education, where the sensory and 
interactive dimensions of learning are amplified, satisfaction emerges 
not merely as a byproduct but as a fundamental catalyst for educational 
engagement and achievement.

Delving deeper into the dynamics of student satisfaction within 
VR settings, it becomes apparent that satisfaction acts as a mediator, 
fostering a conducive learning environment that encourages active 
participation and deep engagement. This mediation is particularly 
salient in VR-enhanced learning, where the immersive nature of the 
technology can significantly influence a student’s enthusiasm and 
willingness to explore complex concepts (Lee and Hwang, 2022). The 
correlation between student satisfaction and improved learning 
outcomes is supported by a body of research indicating that 
satisfaction with the learning environment contributes to a more 
positive attitude toward learning, increased motivation, and a 
propensity to undertake challenging tasks (Ames and Archer, 1988; 
Liaw and Huang, 2013; Tratnik et al., 2019). Consequently, the role of 
VR in enhancing student satisfaction cannot be understated, as it 
provides a unique and compelling platform for experiential learning, 
thereby facilitating a deeper connection with the subject matter and 
fostering a more profound understanding of academic content 
(Wu, 2024).

3 Conceptual model

3.1 Usability in virtual reality and student 
satisfaction

The connection between usability in VR environments and 
student satisfaction has been explored in various empirical studies, 
establishing a direct relationship between these two variables. For 
instance, studies by Violante and Vezzetti (2015); AlGerafi et al. (2023) 
in the field of educational technology provide empirical evidence that 
user-friendly and intuitive VR interfaces markedly elevate learners’ 
satisfaction. These enhancements stem from offering more 
straightforward access to educational content and diminishing 
cognitive load during learning activities.

One seminal study by Norman and Nielsen (2010) highlighted the 
critical role of usability in determining the overall effectiveness of 
digital learning environments. Although not exclusively focused on 
VR, their findings suggest that principles of good design and usability 
are essential for engaging students and enhancing their learning 
experience. Applying these principles to VR, we  can infer that 
environments designed with a focus on usability are likely to increase 
student satisfaction.

Furthermore, Huang and Lee (2022) conducted a study specifically 
focusing on 3D model learning within VR environments, finding that 

usability factors such as intuitive navigation, clear instructions, and 
responsive interaction were positively correlated with students’ 
satisfaction levels. Their research supports the notion that well-
designed VR interfaces can lead to higher levels of engagement and 
satisfaction among students, particularly in disciplines that heavily 
rely on visual and interactive content, such as art and design. Building 
on these empirical findings, the proposed study aims to examine the 
relationship between usability in VR environments designed for art 
and design education and the satisfaction of undergraduate students. 
Given the established positive impact of usability on user satisfaction 
in general digital contexts and the specific findings related to VR 
learning environments, the following hypothesis is proposed:

Hypothesis 1: Usability in virtual reality environments positively 
impacts satisfaction in art and design students.

3.2 Spatial ability in virtual reality and 
student satisfaction

Spatial ability, defined as the aptitude to discern and manipulate 
patterns within both two and three-dimensional frameworks, is 
crucial across various educational domains, especially in art and 
design. Within the realm of VR, where users engage with a digitally 
simulated, spatial environment, the cultivation and application of this 
skill are critical (Papanastasiou et al., 2019).

Research by Checa and Bustillo (2020) elucidates that student 
interaction with VR modules crafted to enhance spatial reasoning 
not only bolsters their capacity for visualizing and manipulating 
spatial constructs but concurrently amplifies their satisfaction with 
the educational process. Similarly, Drigas et al. (2022) delves into 
the ramifications of VR-assisted spatial training on design 
competencies, revealing that such training in immersive VR 
environments leads to not just advancements in design acumen but 
also to elevated satisfaction levels, attributable to VR’s immersive 
and interactive essence, resonant with constructivist pedagogy’s 
active learning tenets.

The consolidation of these findings indicates that spatial ability 
within VR transcends mere cognitive skill, evolving into a 
comprehensive competency with marked effects on learner satisfaction. 
Acknowledging the significant influence of spatial skill enhancement 
in VR on student contentment, the following is proposed:

Hypothesis 2: Spatial ability in art and design students in virtual 
reality environments positively impacts their learning satisfaction.

3.3 Student satisfaction and motivation

The interrelationship between student satisfaction with VR 
experiences and their levels of motivation constitutes a significant area 
of inquiry in educational technology. A study by Jensen and 
Konradsen (2018) revealed that the immersive attributes of VR 
substantially bolster student satisfaction, which, in turn, exerts a 
positive influence on their learning motivation. Their findings imply 
that the enthralling aspects of VR foster a compelling learning 
environment, prompting students to immerse more deeply in 
educational content.
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Further exploration by Makransky et al. (2021) established that 
the sense of presence elicited by VR—embodied by the sensation of 
existing within a simulated milieu—directly enhances student 
satisfaction and, subsequently, motivation. Complementing this, 
Radianti et al. (2020) research elucidated how VR experiences, when 
customized to align with learners’ preferences and styles, can elevate 
satisfaction levels, thereby serving as crucial determinants of student 
motivation. Such individualized VR experiences, by resonating with 
diverse learning modalities, can significantly amplify satisfaction and 
motivation. Collectively, these studies substantiate the premise of the 
following hypothesis:

Hypothesis 3: Satisfaction in virtual reality environments positively 
impacts motivation in art and design students.

3.4 Student satisfaction and cognitive 
benefits

The nexus between student satisfaction in VR environments and 
cognitive advantages has been substantiated by several studies. 
Radianti et al. (2020) found a positive correlation between satisfaction 
and improved memory recall and understanding, indicating that 
fulfilling VR experiences bolster cognitive engagement and retention.

Hmoud et al. (2023) expanded on these findings by showing that 
satisfaction with VR simulations in STEM enhances problem-solving 
abilities and scientific reasoning, pointing to the active learning 
potential of immersive VR environments.

Complementing this, a recent study by Guerra-Tamez (2023) 
reported that art and design students who expressed satisfaction with 
VR experiences demonstrated increased creativity and spatial 
awareness, essential cognitive benefits for their field. These studies 
collectively affirm the following hypothesis.

Hypothesis 4: Satisfaction in virtual reality environments positively 
impacts cognitive benefits in art and design students.

3.5 Student satisfaction and reflective 
thinking

The connection between student satisfaction in VR learning 
environments and the enhancement of reflective thinking has 
garnered significant academic interest. Ye et  al. (2022) 
demonstrated that satisfaction within VR settings precipitates a 
reflective process among learners, facilitating a more profound 
engagement with their learning experiences. This engagement is 
crucial for the development of critical thinking capabilities, 
which are fundamental to comprehensive student growth and 
academic achievement.

Further investigation by Lin and Wang (2021) corroborated these 
insights, revealing that students with higher levels of satisfaction were 
more likely to engage in critical self-evaluation of their learning 
journeys. This critical self-evaluation is a hallmark of reflective 
thinking, pivotal for augmenting learning efficiency.

Supporting Hypothesis H5, these studies collectively affirm that 
student satisfaction in VR environments acts as a catalyst for reflective 

thinking. This body of evidence accentuates the importance of 
designing VR learning experiences that not only fulfill educational 
goals but also encourage students to adopt a reflective and critical 
stance toward their learning, thereby equipping them with essential 
skills for complex problem-solving.

Hypothesis 5: Satisfaction in virtual reality environments positively 
impacts reflective thinking in art and design students.

3.6 Student satisfaction and perceived 
learning

The interrelation between student satisfaction in VR 
environments and enhanced perceived learning has been 
extensively explored in educational research. Çakıroğlu et  al. 
(2021) discovered that positive experiences in VR could 
significantly boost students’ confidence in their learning abilities. 
Their study highlights how immersive VR experiences contribute 
to students’ belief in their capability to understand and retain 
new information, reinforcing the link between satisfaction and 
perceived learning.

In a similar vein, Makransky and Lilleholt (2018) reported 
that students who were satisfied with their VR experiences 
expressed a higher perception of their learning outcomes. The 
study suggests that satisfaction with VR not only impacts students’ 
enjoyment but also their self-assessment of knowledge acquisition 
and comprehension.

Additionally, Liu et al. (2020) provided evidence that satisfaction 
derived from VR learning environments correlates with students’ self-
reported improvements in learning performance. Their research 
underscores the role of VR in enhancing students’ perception of 
learning effectiveness, pointing to a direct relationship between the 
quality of the VR experience and students’ confidence in their 
learning progress.

These studies collectively substantiate Hypothesis H6, positing 
that satisfaction with VR experiences positively influences students’ 
perceived learning. The findings emphasize the importance of high-
quality VR learning environments in fostering not only satisfaction 
but also a stronger sense of learning achievement among students, 
highlighting VR’s potential to augment self-efficacy and perceived 
learning in educational settings.

Hypothesis 6: Satisfaction in virtual reality environments positively 
impacts perceived learning in art and design students.

The relationships formulated in this study are shown in Figure 1.

4 Research method

To explore the impact of VR technology on learning outcomes 
within art and design education, our research employed a quantitative 
methodology. This approach was specifically selected for its ability to 
rigorously analyze cause-and-effect relationships among variables. At 
the forefront of our investigation was the assessment of how VR 
technology affects crucial educational metrics such as motivation, 
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cognitive benefits, reflective thinking, perceived learning, and student 
satisfaction. A total of 105 valid surveys were collected from art and 
design students enrolled at the Centro Roberto Garza Sada (CRGS) of 
the University of Monterrey, Mexico (Table  1). To ensure a 
representative analysis, the participant selection was conducted 
through a randomization process across the student body, thereby 
capturing the heterogeneity of the CRGS student population.

4.1 Preparatory phase

Before commencing the VR activity, students participated in a 
preparatory phase aimed at equipping them with the necessary 
knowledge and skills for the task. This phase began with a 15-min 
in-person presentation on the bottom-up design methodology, 
where detailed explanations were provided on how students should 
apply this approach in the upcoming VR activity. Immediately 
following this presentation, an introduction to the Shapes platform 
lasting between 5 and 8 min was conducted to familiarize students 
with the specific tools and functionalities of the application 
(Figure 2).

After the introduction to Shapes, students were given a period of 
free exploration within the platform to complement the introductory 
session, allowing them to dive into and experiment with the VR 
interface for an additional time, totaling approximately 30 min 
altogether. This structured approach ensured that students were 

adequately prepared to undertake the design task with a solid 
understanding of both the bottom-up methodology and the virtual 
environment they would be working in.

TABLE 1 Technical information.

Scope Description

Universe Mexican art and design university students

Course Bottom-Up

Method Questionnaire survey

Sample size 105 valid surveys

Data fieldwork From November 2023 to January 2024

Statistics Collinearity statistics, CFA, PLS—SEM

Measures (7-point likert)

Satisfaction (Guerra-Tamez, 2023) Virtual 

Reality

Usability (Brooke, 1986)

Spatial Ability (Blajenkova et al., 2006; Park 

et al., 2011)

Motivation (Rovai et al., 2009)

Cognitive benefits (Makransky et al., 2019)

Reflective thinking (Lackey et al., 2016)

Perceived learning (Rovai et al., 2009)

Statistic software IBM SPSS Statistics and Smart PLS 4

FIGURE 1

Conceptual model.
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4.2 Experimental design and activity 
duration

Following the preparatory phase, students moved on to the main 
activity, applying the bottom-up design methodology to create 
structures from 20 geometric choosing from hexahedrons, 
tetrahedrons, or octahedrons (Figure  3), within a virtual space 
designed to mimic CRGS classrooms (Figure  4A) on the Shapes 
platform (Figure  4B). Students were provided up to an hour to 
complete this design task, with an observed average completion time 
noted in the study.

4.3 Data collection

Upon completion of the activity, students’ perceptions of their 
learning experience were gathered through digital surveys from 

November 2023 to January 2024. These surveys, accessible via QR 
codes located within the university premises, facilitated student 
participation, and provided immediate feedback. The collected data 
spanned various dimensions, including learning experience, 
motivation, cognitive benefits, reflective thinking, and the perceived 
value of the VR-based design activity. This timeframe for data 
collection ensured a comprehensive capture of students’ experiences 
and reflections over the course of the study.

4.4 Data collection tool

This study utilizes a structured questionnaire to explore the 
educational impact of virtual reality (VR) technology. Designed based 
on relevant theories and previous research, the questionnaire captures 
diverse aspects of learners’ experiences with VR, including their 
satisfaction, usability perceptions, spatial abilities, motivation, 

FIGURE 2

Introductory course on the shapes platform.

FIGURE 3

Geometric shapes available for selection during the activity.
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cognitive benefits, reflective thinking, and perceived 
learning outcomes.

The instrument is segmented into specific dimensions, each aimed 
at investigating distinct facets of the VR learning experience—from 
the immediate user satisfaction and system usability to deeper 
educational impacts like enhanced cognitive functions and the 
development of reflective thinking.

Below is detailed Table 2 of the questionnaire, presenting each 
dimension alongside its subdimensions, items, and meaning.

5 Results

The data analysis for this study was systematically organized into 
several distinct stages, each designed to rigorously examine the impact 
of VR on learning satisfaction among art and design undergraduates, 
focusing specifically on the roles of usability and spatial ability.

 1 Descriptive statistics provided a detailed overview of the 
participant demographics, setting the stage for a deeper 
investigation into the VR learning experience.

 2 A confirmatory factor analysis (CFA) was employed to ensure 
the reliability and validity of the instruments used to measure 
usability, spatial ability, learning satisfaction, motivation, 
cognitive benefits, reflective thinking, and perceived learning, 
thus confirming the integrity of the data collected.

 3 Structural equation modeling (SEM) was utilized to explore 
the complex relationships between usability and spatial ability 
in VR and their subsequent influence on learning satisfaction. 
This analysis was pivotal in uncovering how enhanced 
usability and spatial ability are significant predictors of 
increased learning satisfaction, which, according to our 
model, further influences motivation, cognitive benefits, 
reflective thinking, and perceived learning among art and 
design undergraduates.

 4 Validation of the Measuring Instrument was rigorously tested 
using the Fornell-Larcker criterion, ensuring that each 
construct within our study was distinct and 
accurately measured.

 5 Comprehensive goodness-of-fit assessment to verify the 
model’s accuracy in representing the real-world phenomenon 
of VR’s impact on educational outcomes.

FIGURE 4

(A) Physical setting. (B) Virtual space replicating the physical environment.
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TABLE 2 Instrument.

Dimension Subdimension Item Meaning

Satisfaction General Satisfaction

SVR1: Enjoy experience through VR technology.
Measures the overall enjoyment and satisfaction 

derived from the VR experience.

SVR2: I found the VR experience gratifying.
Reflects on the rewarding nature of the VR experience, 

emphasizing satisfaction.

SVR3: This class through VR technology exceeds my 

expectations.

Assesses the extent to which the VR class surpassed 

initial expectations, indicating high satisfaction.

Usability

Ease of Use U1: I think I would like to use this system frequently.
Indicates user’s inclination toward frequent use, 

suggesting the system is user-friendly.

System Complexity U2: I found the system unnecessarily complex.
Highlights perceived complexity, which might detract 

from usability.

Integration of System Functions U3: I found the system functions were well integrated.
Suggests that the system’s features and functions are 

cohesively designed, enhancing usability.

Learnability
U4: I imagine that most people would learn to use this 

system very quickly.

Reflects on the system’s ease of learning, implying it is 

accessible to new users.

Learning Requirement
U5: I needed to learn a lot of things before I could get 

going with this system.

Points to a significant initial learning curve, which may 

affect the ease of adoption.

Spatial Ability

Spatial Visualization SA1: Using virtual reality improved my spatial ability.
Indicates an enhancement in the ability to understand 

and navigate three-dimensional spaces through VR.

Mental Rotation
SA2: I can easily imagine and mentally rotate the 

geometric figures during the activity.

Reflects improvement in mentally visualizing and 

manipulating objects in space.

Spatial Perception

SA3: I found it easy to envision exactly how the 

geometric figures looked when rotated during the 

activity.

Emphasizes enhanced ability to perceive spatial 

relationships and transformations.

Skill Acquisition
SA4: I believe I acquired new skills in 3D geometry 

through this activity with virtual reality.

Highlights the learning of specific spatial skills, 

especially in understanding 3D geometry.

Spatial Improvement
SA5: Using virtual reality has made me improve in the 

use of three-dimensional geometry.

Confirms overall improvement in handling and 

understanding 3D geometrical concepts due to VR 

engagement.

Motivation

Interest
M1: It is interesting to use virtual reality technology in 

this activity.

Reflects the intrinsic interest and excitement generated 

by using VR, which can boost motivation.

Self-assessment
M2: My performance was good using virtual reality 

technology in this activity.

Indicates a positive self-assessment of performance 

when using VR, linking to increased motivation.

Competence
M3: After using virtual reality technology for a while, 

I felt competent.

Suggests a growing sense of skill and mastery over time, 

contributing to overall motivation.

Relaxation
M4: I felt very relaxed while using virtual reality 

technology in this activity.

Highlights the comfort and ease experienced during 

VR use, affecting motivation positively.

Skill Confidence
M5: I am skilled at using virtual reality technology in 

this activity.

Confirms the participant’s belief in their own 

proficiency with VR technology, underlining a 

motivational boost.

Cognitive 

Benefits

Understanding
CB1: Using virtual reality facilitates my understanding 

in this activity.

Highlights how VR aids in concrete understanding of 

the activity’s subject matter.

Memory CB2: Using virtual reality facilitates my memorization.
Emphasizes VR’s role in enhancing the ability to 

remember information.

Application
CB3: Using virtual reality helps me apply my knowledge 

and skills more effectively.

Underlines the practical application of learned skills 

and knowledge, facilitated by VR.

Analysis
CB4: Using virtual reality helps me analyze problems 

better in this activity.

Focuses on the improvement of problem-solving skills 

through VR usage.

Overview
CB5: Using virtual reality helps me gain a better 

overview of this activity.

Highlights the contribution of VR to achieving a 

holistic understanding of the activity.

(Continued)
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5.1 Descriptive statistics

The sample size consisted of 105 valid surveys, collected from 
participants predominantly female (66%), followed by males (30%), 
and a small proportion identified as other or preferring not to say 
(4%). Most participants were between 18 and 21 years old (72%), 
reflecting a concentration in the university-aged youth. Regarding 
education level, a vast majority were pursuing university studies 
(72%), with a lesser representation in high school (5%) and 
postgraduate (23%). Familiarity with technology showed that most of 
the participants had a medium level (63%), while a significant segment 
reported a high level (32%), and only a small percentage indicated a 
low level (5%). This analysis suggests a study population that is young 
and educated, with moderate to high technological competence.

5.2 Confirmatory factor analysis

The model underwent validation through confirmatory factor 
analysis (CFA) across the full sample, employing the PLS Algorithm 
within the Smart PLS 4.0 software. The primary outcomes of this 
analysis, alongside the descriptive statistics for the constructs within 
the model, are detailed in Table 3 [For the questionnaire, refer to 
Appendix A (Table A1), which lists the indicators used in the 
measurement tool].

The standardized loadings (β) exceeded 0.872, indicating an ideal 
scenario. Utilizing Smart PLS 4.0 and IBM SPSS, the Cronbach’s alpha 
coefficients ranged from 0.877 to 0.967, which are deemed acceptable 
according to existing literature. The constructs’ composite reliability 

surpassed 0.942, and the Average Variance Extracted (AVE) for each 
construct was above 0.809, affirming the reliability of the constructs 
within the research model for the entire sample. Furthermore, the 
model’s fit was within expected parameters, evidenced by a Normed 
Fit Index (NFI) exceeding 0.9 at 0.940 and a Standardized Root Mean 
Square Residual (SRMR) below 0.08 at 0.079.

5.3 Structure equation model

In the analytical process, the theorized linkages within the 
conceptual structure, as depicted by Hypotheses 1 through 6, were 
scrutinized. The assessment was facilitated by the application of 
bootstrapping procedures within the Smart PLS 4.0 environment. The 
detailed outcomes of this analysis, including the impact of usability 
and spatial ability on satisfaction with VR (H1 and H2), as well as the 
subsequent influence of VR satisfaction on motivation, cognitive 
benefits, reflective thinking, and perceived learning (H3 to H6), are 
delineated in Table  4 and illustrated in Figure  5. The structural 
equation modeling confirmed that each of the hypothesized pathways 
within our conceptual model stood up to empirical scrutiny.

5.4 Validation of the measuring instrument

Discriminant validity was evaluated using the Fornell-Larcker 
criterion, which involved comparing the square roots of the AVE 
values (located on the diagonal) with the correlation coefficients 
between constructs. Table 5 demonstrates that each construct’s AVE 

TABLE 2 (Continued)

Dimension Subdimension Item Meaning

Reflective 

Thinking

Learning Reflection
RT1: Using virtual reality technology in this activity, 

I was able to reflect on how I learn.

Pertains to meta-cognitive reflection on the learning 

process itself, facilitated by the immersive experience of 

VR.

Knowledge Integration

RT2: By using virtual reality in this activity, I was able to 

link new knowledge with my previous knowledge and 

experiences.

Emphasizes the reflective process of integrating new 

information with existing knowledge and experiences.

Student Improvement
RT3: By using virtual reality in this activity, I could 

become a better student.

Suggests that reflective thinking about learning 

experiences contributes to overall improvement as a 

student.

Understanding Reflection
RT4: By using virtual reality in this activity, I was able to 

reflect on my understanding.

Indicates a deeper, reflective understanding of the 

material, beyond immediate comprehension.

Perceived 

Learning

Skill Applicability
SPL1: I can use the skills learned in this course outside 

of class.

Indicates the applicability of learned skills in real-world 

contexts, beyond the classroom.

Attitude Change
PL2: I have changed my attitudes about the course 

subject as a result of this activity.

Reflects on the transformative impact of the activity on 

students’ perceptions and attitudes toward the course 

subject.

Self-sufficiency
PL3: I feel more self-sufficient as a result of the content 

learned in this activity.

Highlights increased independence and self-reliance 

through the acquisition of knowledge and skills.

Skill Demonstration
PL4: I can demonstrate to others the skills learned in 

this activity.

Suggests a level of mastery that enables the student to 

teach or demonstrate the acquired skills to others.

Skill Acquisition
PL5: I feel that I have new skills as a result of this 

activity.

Confirms the acquisition of new skills, indicating 

effective learning outcomes from the activity.
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square root surpasses its inter-construct correlations, thereby 
satisfying the Fornell-Larcker standard for discriminant validity.

The collinearity diagnostics, as measured by the Variance Inflation 
Factor (VIF), were assessed, confirming the absence of collinearity 
issues within the partial least squares estimates, as illustrated in 
Table 6.

5.5 Goodness-of-fit diagnosis

To evaluate the adequacy of our model, we  implemented the 
Global Goodness-of-Fit (GoF) index, which is designed to encompass 
the veracity of both the measurement and the structural aspects of the 

model. This holistic measure, conceptualized by Tenenhaus et al., rests 
on the principle that a cogent model should resonate closely with the 
observed data (Tenenhaus et  al., 2004). The GoF is determined 
through the geometric mean of two pivotal components: the reliability 
of the constructs, gauged by the Average Variance Extracted (AVE), 
and the model’s explanatory power, indicated by the squared R values. 
The GoF is thus defined by the equation:

 GoF AVE R= ∗ 22

 GoF = ∗0 847 0 843
2
. .

TABLE 3 Loadings, Cronbach’s alpha, composite reliability, and AVE values.

Construct Item Loadings Cronbach’s alpha Composite 
reliability (CR)

Average variance 
extracted (AVE)

Satisfaction Virtual Reality

SVR1 0.945

0.877 0.942 0.890SVR2 0.942

SVR3 0.924

Usability

U1 0.919

0.955 0.966 0.849

U2 0.911

U3 0.899

U4 0.939

U5 0.938

Spatial Ability

SA1 0.943

0.957 0.967 0.853

SA2 0.929

SA3 0.903

SA4 0.935

SA5 0.908

Motivation

M1 0.877

0.954 0.965 0.845

M2 0.937

M3 0.917

M4 0.904

M5 0.958

Cognitive Benefits

CB1 0.892

0.941 0.955 0.809

CB2 0.919

CB3 0.907

CB4 0.872

CB5 0.905

Reflective Thinking

RT1 0.949

0.941 0.958 0.850
RT2 0.918

RT3 0.911

RT4 0.910

Perceived Learning

PL1 0.932

0.95 0.961 0.833

PL 2 0.888

PL 3 0.909

PL 4 0.951

PL 5 0.881

Chi-square (χ2) = 1098.3; NFI = 0.940; SRMR = 0.079.
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In our study, the GoF attained a value of 0.84, surpassing the 
recommended benchmark of 0.36 as proposed by Wetzels et al. (2009). 
This exceeds the standard threshold, validating the predictive capability 
of our structural model and confirming the measurement reliability. 
Such a level of fit not only satisfies but also bolsters the empirical 
robustness of our model, providing a solid foundation for the 
study’s conclusions.

6 Discussion

The empirical findings of this study elucidate the pivotal role of 
VR in enhancing learning outcomes within art and design education, 
highlighting a nuanced interplay between usability, spatial ability, and 
student satisfaction. Notably, our analysis corroborates the hypothesis 
that usability in VR environments significantly contributes to learning 
satisfaction, aligning with previous research that emphasizes the 

importance of intuitive and user-friendly interfaces in educational 
technology (Violante and Vezzetti, 2015; AlGerafi et al., 2023). This 
relationship underscores the need for meticulously designed VR 
platforms that cater to the unique requirements of art and design 
pedagogy, suggesting a potential shift in how educational content is 
delivered and experienced.

Furthermore, the study’s findings on spatial ability reinforce the 
criticality of this dimension in art and design disciplines, where the 
manipulation and understanding of space are fundamental skills. The 
significant impact of VR-enhanced spatial ability on learning 
satisfaction and subsequent educational outcomes echoes the work of 
Checa and Bustillo (2020) and Drigas et al. (2022), who found similar 
enhancements in spatial reasoning and satisfaction among students 
engaged with VR. This underscores VR’s capacity to serve as a potent 
tool for spatial skill development, offering immersive experiences that 
traditional educational methodologies might not fully provide.

The direct correlation observed between student satisfaction in VR 
settings and increased motivation, cognitive benefits, and reflective 
thinking presents a compelling case for the integration of VR in 

TABLE 4 Results of the structural model.

H Description β t value p value Decision

H1 Usability→ Satisfaction VR 0.402 2.443 0.015 Supported

H2 Spatial Ability→ Satisfaction VR 0.547 3.525 0.000 Supported

H3 Satisfaction VR → Motivation 0.922 11.732 0.000 Supported

H4 Satisfaction VR → Cognitive Benefits 0.918 12.052 0.000 Supported

H5 Satisfaction VR → Reflective Thinking 0.902 11.769 0.000 Supported

H6 Satisfaction VR → Perceived Learning 0.919 12.689 0.000 Supported

Constructs R2

Satisfaction VR 0.884

Motivation 0.850

Cognitive Benefits 0.842

Reflective Thinking 0.813

Perceived Learning 0.844

TABLE 5 Discriminant validity—Fornell-Larcker criterion.

Perceived 
learning

Cognitive 
benefits

Spatial 
ability

Motivation Reflective 
thinking

Satisfaction 
VR

Usability

Perceived 

learning 0.913

Cognitive 

benefits 0.810 0.899

Spatial ability 0.830 0.838 0.924

Motivation 0.807 0.820 0.821 0.919

Reflective 

thinking 0.817 0.834 0.839 0.806 0.922

Satisfaction VR 0.825 0.830 0.838 0.828 0.812 0.944

Usability 0.814 0.825 0.825 0.798 0.806 0.834 0.921

The diagonal elements, highlighted in bold, represent the square roots of the Average Variance Extracted (AVE), which indicate the amount of variance captured by a construct in relation to 
the variance due to measurement error. The off-diagonal elements are the inter-construct correlations. According to Fornell and Larcker’s criterion for establishing discriminant validity, the 
square root of the AVE for each construct should exceed the correlations between that construct and any other in the model.
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educational curricula. These findings resonate with Jensen and 
Konradsen (2018) and Makransky et  al. (2019), highlighting how 
immersive learning environments can foster a deeper engagement with 
content, thereby enhancing motivational levels and cognitive gains. This 
suggests that satisfaction with VR learning experiences can catalyze a 
virtuous cycle of engagement and achievement, emphasizing the broader 
educational potential of VR beyond mere technological novelty.

Building on this notion, the adaptability of VR to support 
personalized learning experiences further accentuates its value in 

education. Personalized learning, which tailors educational 
content to meet individual students’ needs, preferences, and 
learning paces, is facilitated by VR’s immersive and interactive 
nature. This approach not only amplifies motivation and self-
efficacy by allowing students to engage in learning pathways that 
are most relevant to them but also aligns with the constructivist 
principles of active and meaningful learning. Such personalized 
engagement through VR can significantly enhance students’ 
satisfaction, thereby fostering a more inclusive and effective 

TABLE 6 Variance inflation factor (VIF) values for the structural model.

Perceived 
learning

Cognitive 
benefits

Motivation Reflective 
thinking

Satisfaction 
VR

Usability Spatial 
ability

Perceived 

learning

Cognitive 

benefits

Motivation

Reflective 

thinking

Satisfaction VR 1.315 1.257 1.389 1.145

Usability 2.467

Spatial ability 2.098

FIGURE 5

Results of the conceptual model. *indicates significant at p  <  0.00.
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learning environment that caters to the diverse needs of learners 
within the art and design disciplines.

Moreover, the positive association between satisfaction derived 
from VR experiences and perceived learning highlights the 
transformative potential of VR in shaping students’ perceptions of their 
educational journey. This aligns with the findings of Çakıroğlu et al. 
(2021) and Makransky and Lilleholt (2018), who noted improvements 
in students’ confidence in their learning abilities following VR 
interventions. The implication here is profound, suggesting that VR not 
only augments the actual acquisition of knowledge and skills but also 
enhances students’ self-efficacy and belief in their learning capabilities.

In conclusion, this study contributes to the burgeoning field of VR 
in education by offering empirical evidence of the multifaceted 
benefits of VR in art and design education. By demonstrating the 
significant roles of usability and spatial ability in enhancing student 
satisfaction and, by extension, motivation, cognitive benefits, reflective 
thinking, and perceived learning, it underscores the necessity of 
incorporating VR technologies into educational frameworks. These 
findings beckon educational stakeholders to embrace VR as a pivotal 
component of contemporary pedagogical strategies, heralding a new 
era of immersive and interactive learning that can profoundly enrich 
the educational landscape.

7 Implications of results

This study significantly enhances our comprehension of VR in 
educational settings, particularly within creative disciplines like art and 
design. The findings suggest that improved usability and spatial ability 
within VR environments are closely linked to increased learning 
satisfaction, which, in turn, elevates student motivation, cognitive benefits, 
reflective thinking, and perceived learning among undergraduates.

Theoretically, these findings underscore the importance of 
designing VR environments that are not only technically sophisticated 
but also intuitive and navigable for students. By demonstrating the 
direct influence of usability and spatial skills on educational outcomes, 
this study supports and expands current theories on technology-
mediated learning and provides an empirical framework for future 
research in this domain.

Practically, the insights from this work suggest that curriculum 
designers and pedagogical strategists should carefully consider the 
integration of VR in the classroom, with particular emphasis on user 
experience. Investment in the development of user-friendly VR 
interfaces and spatial training may result in more effective and 
satisfying learning experiences, which is especially pertinent for 
disciplines heavily reliant on visualization and spatial manipulation.

Furthermore, this study holds significant implications for 
educational policy development and resource allocation. The results 
advocate for the inclusion of VR as a valuable educational tool, 
encouraging institutions to invest in this technology as a means to 
enhance learning and teaching quality.

8 Limitations

The scope and generalizability of the present study are inherently 
tied to its contextual framework, which focuses on a specific cohort of 
art and design undergraduates in Mexico. While the findings yield 
substantive insights into the impact of VR on various facets of the 

learning process, they are bounded by the cultural and educational 
milieu from which the data were drawn. Consequently, the application 
and extension of these results to dissimilar cultural or academic 
environments necessitate a cautious approach.

Expanding upon these limitations, it is important to acknowledge 
that student interactions with VR technology and their resulting 
learning outcomes may be influenced by cultural nuances, access to 
technology, individual learning styles, and the specific curriculum of 
art and design programs. These factors collectively play a pivotal role 
in shaping the effectiveness of VR as an educational tool. Thus, while 
the study presents a strong case for the benefits of VR in enhancing 
usability, spatial ability, and overall learning satisfaction, these benefits 
may manifest differently in diverse educational contexts.

To address these potential disparities and to fortify the robustness 
of the study’s conclusions, it is recommended that similar research 
endeavors be undertaken in a variety of educational settings. Such 
replications could include different geographical regions, a range of 
academic disciplines beyond art and design, and varied levels of 
technological proficiency among participants.

Furthermore, extending this research could involve longitudinal 
studies to assess the long-term retention of knowledge and skills 
acquired through VR, as well as its impact on students’ academic 
progression and career preparedness.

Adding to these considerations, practical challenges specific to the 
deployment of VR glasses in educational contexts must be highlighted. 
These include the prohibitive costs and the necessity for specialized 
hardware, which may limit accessibility for certain institutions or 
learners. Additionally, the potential side effects of VR usage, such as 
dizziness or discomfort, present concerns regarding the inclusivity of 
VR-based learning experiences. The limited availability of high-
quality, educational VR content and the logistical complexities of 
managing VR hardware within academic settings further complicate 
the integration of this technology into existing curricula. These 
logistical and financial constraints underscore the need for innovative 
solutions to overcome barriers to VR adoption and utilization in 
education, ensuring that its benefits can be  widely accessed and 
effectively leveraged across diverse learning environments.

9 Future research

The future research agenda emerging from this study should adopt 
a holistic lens, with the aim of broadening the understanding of VR’s 
role in education. A comprehensive approach would encompass 
investigating VR’s cross-cultural efficacy, its adaptability across various 
academic disciplines, and its impact on long-term learning outcomes.

Further inquiry might consider the nuanced effects of VR on 
cognitive processes and how these translate into academic and 
professional success. Such work should also prioritize the 
development of pedagogical frameworks for VR integration, ensuring 
that its deployment in educational settings is both methodologically 
sound and ethically responsible.

Moreover, a concerted effort to address VR accessibility will 
be crucial in democratizing educational technology and ensuring that 
the benefits of VR-enhanced learning are available to all students, 
regardless of background or ability.

By advancing a research paradigm that is integrative and globally 
conscious, future studies can pave the way for VR to become a 
cornerstone of innovative, inclusive, and effective education.
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10 Conclusion

In synthesizing the outcomes of this study, practical applications 
emerge from the validation that usability and spatial ability 
significantly impact satisfaction in VR learning environments. These 
insights suggest actionable strategies for educators and technologists 
aiming to optimize VR as an educational tool. By prioritizing the 
design of user-friendly and spatially intuitive VR interfaces, there is 
an opportunity to significantly enhance learner engagement and 
satisfaction. This entails the development of VR content that is not 
only academically rigorous but also accessible and engaging, 
leveraging the immersive potential of VR to create compelling 
learning experiences.

The findings advocate for a transformative approach to curriculum 
development, where VR is seamlessly integrated into educational 
frameworks to foster immersive and interactive learning opportunities. 
For instance, the creation of VR-based lab simulations in science 
education or virtual art studios in design education can provide 
students with hands-on, experiential learning that transcends 
traditional classroom boundaries.

Moreover, the research underscores the importance of 
incorporating feedback mechanisms within VR applications to 
continuously refine usability and spatial navigation features. This 
iterative design process, informed by direct user feedback, can ensure 
that VR learning environments remain aligned with the evolving 
needs and preferences of students.

In conclusion, the study highlights the critical role of VR in 
redefining educational paradigms, advocating for an educational 
ecosystem that embraces technological advancements to enrich 
learning experiences. By focusing on the design and implementation 
of VR technologies that cater to the specific needs of learners, 
educators can unlock new possibilities for engagement, motivation, 
and cognitive development. This proactive embrace of VR in 
education holds the promise of fostering a more dynamic, 
interactive, and satisfying learning environment for students 
across disciplines.
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Appendix A

Table A1. Indicators in the measuring instrument.

Construct Construct

Satisfaction virtual reality

SVR1 Enjoy experience through VR technology.

SVR2 I found the gratifying VR experience.

SVR3 This class through VR technology exceeds my expectations.

Usability

U1 I think I would like to use this system frequently.

U2 I found the system unnecessarily complex.

U3 I found the system functions were well integrated.

U4 I imagine that most people would learn to use this system very quickly.

U5 I needed to learn a lot of things before I could get going with this system.

Spatial ability

SA1 Using virtual reality improved my spatial ability (the capacity to form a mental geometric representation of the world).

SA2 I can easily imagine and mentally rotate the geometric figures during the activity.

SA3 I found it easy to envision exactly how the geometric figures looked when rotated during the activity.

SA4 I believe I acquired new skills in 3D geometry through this activity with virtual reality.

SA5 Using virtual reality has made me improve in the use of three-dimensional geometry.

Motivation

M1 It is interesting to use virtual reality technology in this activity.

M2 My performance was good using virtual reality technology in this activity.

M3 After using virtual reality technology for a while, I felt competent.

M4 I felt very relaxed while using virtual reality technology in this activity.

M5 I am skilled at using virtual reality technology in this activity.

Cognitive benefits

CB1 Using virtual reality facilitates my understanding in this activity.

CB2 Using virtual reality facilitates my memorization.

CB3 Using virtual reality helps me apply my knowledge and skills more effectively.

CB4 Using virtual reality helps me analyze problems better in this activity.

CB5 Using virtual reality helps me gain a better overview of this activity.

Reflective thinking

RT1 Using virtual reality technology in this activity, I was able to reflect on how I learn.

RT2 By using virtual reality in this activity, I was able to link new knowledge with my previous knowledge and experiences.

RT3 By using virtual reality in this activity, I could become a better student.

RT4 By using virtual reality in this activity, I was able to reflect on my understanding.

Perceived learning

SPL1 I can use the skills learned in this course outside of class.

PL2 I have changed my attitudes about the course subject as a result of this activity.

PL3 I feel more self-sufficient as a result of the content learned in this activity.

PL4 I can demonstrate to others the skills learned in this activity.

PL5 I feel that I have new skills as a result of this activity.
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