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Abstract

Virtual reality (VR) has emerged as a technology with growing presence in education, driven
by its potential to increase motivation, promote learning, and offer immersive experiences
that are challenging to replicate in traditional settings. However, the literature shows
contradictory results regarding its impact on academic performance, cognitive load, and
student attitudes, particularly when comparing immersive and non-immersive (desktop)
modalities. Against this backdrop, this study aimed to examine whether interaction with
VR-based learning objects improves knowledge acquisition, whether differences exist
between immersive and desktop versions, what cognitive load is associated with each
modality, and what attitudes students develop toward VR. A total of 136 Education students
participated, randomly assigned to either the immersive (n = 70) or non-immersive (n = 66)
condition, following a pretest–posttest experimental design. Data were collected using a
performance test, the NASA-TLX questionnaire, and a semantic differential scale. Results
indicated significant improvements in learning across both modalities with no statistically
significant differences between them, a slightly higher—yet low-to-moderate—cognitive
load in the immersive condition, and highly positive attitudes in both groups. These
findings suggest that both modalities are effective and well accepted, although immersive
VR requires somewhat greater cognitive effort. The discussion highlights the need to
clarify the factors that moderate these effects and to advance theoretical frameworks for
instructional design in VR environments.

Keywords: virtual reality; cognitive load; academic performance; attitudes toward technol-
ogy; higher education

1. Introduction
Virtual reality (VR) has emerged as one of the most prominent technologies in con-

temporary education. Defined by the degree to which users are immersed in a computer-
generated environment [1,2], VR encompasses a spectrum from fully immersive head-
mounted display (HMD) systems to non-immersive desktop configurations. Its growing
presence in educational contexts is evidenced by a substantial body of meta-analyses and
systematic reviews [3–7], which consistently document benefits including improved learn-
ing outcomes, increased student engagement, positive attitudes toward technology, and
enhanced acquisition of practical and procedural skills.

Alongside these benefits, the literature also identifies a set of persistent challenges:
insufficient teacher training, high implementation costs, risk of cognitive overload, potential
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to widen the digital divide, and the absence of consolidated theoretical frameworks for
the design of VR-based learning objects [8–10]. Addressing these challenges requires
adequate institutional support—encompassing the creation of dedicated production units,
teacher training initiatives, technological infrastructure investment, and the systematic
dissemination of good practices [9,11–13].

Critically, when comparing the two most prevalent modalities—immersive VR (using
HMDs) and desktop VR (non-immersive)—results remain contradictory and inconclusive
across key dimensions, including knowledge acquisition [14–21], usability [22], motiva-
tion [19,23], cognitive load [24], and student attitudes [15]. This situation has led several
authors, on the basis of systematic and PRISMA-guided reviews, to call for new empirical
research capable of building a more robust theoretical understanding of how modality
shapes the learning experience [10]. The present study responds to this call by analyzing
the differential effects of immersive and desktop VR on university students’ knowledge
acquisition, cognitive load, and attitudes. The theoretical framework underpinning these
objectives is presented in the following section.

2. Theoretical Framework
2.1. Immersive vs. Desktop VR: Characteristics and Comparative Evidence

VR encompasses different levels of immersion depending on the degree of the user’s
integration with the digital environment. Three major modality types are generally dis-
tinguished: fully immersive, semi-immersive, and non-immersive or desktop VR. In its
fully immersive form, the user is completely embedded in a computer-generated virtual
space with no visual reference to the physical world, typically via head-mounted display
(HMD) devices that render high-realism scenarios. Semi-immersive VR combines real
and virtual environments through high-definition projection systems and physical sensors.
Non-immersive VR, by contrast, presents digital content on conventional devices such as
computers or tablets, maintaining a clear separation between real and virtual space and
relying on standard peripherals for interaction [14–16].

In educational research, attention has increasingly focused on the comparison be-
tween fully immersive and desktop (non-immersive) VR. Each modality presents distinct
advantages: desktop VR offers lower cost, greater accessibility, and reduced technical
complexity—factors particularly relevant in developing contexts where the digital divide
is a concern [17,18]—while immersive VR provides a stronger sense of presence, higher
emotional engagement, and greater motivation [17,24–26].

Comparative studies, however, have not established the clear superiority of either modal-
ity. Several investigations report equivalent outcomes in knowledge acquisition [19–21],
usability [22], and motivation [19,23]. Immersive VR has shown advantages in some perfor-
mance measures [27] and in emotional engagement [28], while desktop VR has been associated
with lower cognitive demand [29], better skill acquisition in certain tasks [30], and greater
ease of use and accessibility [15]. At the same time, immersive environments have been linked
to increased cognitive fatigue, visual discomfort, and feelings of vertigo [17,31], prompting
calls for simpler interaction designs [32]. Meta-analytic evidence suggests that both modalities
positively impact learning outcomes, with immersive VR particularly effective in medicine
and science education, and desktop VR offering a stronger balance of accessibility and interac-
tion quality [33]. Overall, research findings remain contradictory, underscoring the need for
further empirical work and stronger theoretical frameworks [10].

2.2. Cognitive Load Theory and Virtual Reality

Cognitive Load Theory (CLT) provides an especially influential framework for under-
standing learning processes. Within this framework, cognitive load refers to the mental
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demand that a given task places on a learner’s available working memory resources [34,35].
CLT distinguishes between intrinsic load (determined by the inherent complexity of the
content), extraneous load (arising from poor instructional design), and germane load (as-
sociated with schema formation and learning). Effective instruction requires keeping the
total cognitive demand within the learner’s processing capacity, as “learning is hindered
when the working memory capacity in a learning task is exceeded” [36] (p. 106).

Research has examined cognitive load across a variety of instructional media, including
video [37], augmented reality [38], slides [39], 360◦ video [40], and multimedia [41]. Studies
specifically focused on VR have yielded a complex picture. Hii and Yang [29] found that
desktop VR reduced participants’ perceived cognitive load compared to immersive VR.
Alazmi and Alemtairy [42] reported that VR use in general was associated with lower
cognitive load relative to traditional instruction. Zhang et al. [6] and Ricci et al. [43]
found no significant differences in perceived mental demand between immersive and
desktop versions. Ye and Kaplan-Rakowski [44] found that students using immersive VR
invested less cognitive effort than those watching a video recording of the same content.
Cabero-Almenara et al. [45] and Bautista et al. [38] demonstrated that cognitive load in VR
learning objects can be reduced through targeted design elements—including informative
hotspots, viewing guides, and intentional spatial organization of content—suggesting that
instructional design decisions may moderate the effect of modality on cognitive load.

Taken together, these findings point to an interaction between VR modality, instruc-
tional design quality, and cognitive demand that has not yet been fully characterized.
The present study contributes to this line of inquiry by directly comparing cognitive load
across immersive and desktop conditions using the NASA Task Load Index (NASA-TLX),
a validated and widely used multidimensional instrument [46–48].

3. Method
3.1. Research Objectives

The objectives of this study were:

• To examine whether interaction with VR-based learning objects favors knowledge
acquisition, and whether differences in learning outcomes exist between students who
interact with immersive versus desktop VR.

• To analyze the cognitive load associated with learning using VR-based educational
materials, and to determine whether significant differences exist between immersive
and desktop conditions.

• To examine the attitudes that students develop toward VR following interaction
with VR-based learning objects, and to determine whether significant differences in
attitudes exist between immersive and desktop conditions.

3.2. Participants

The research sample consisted of 136 second-year students enrolled in an Education
Sciences degree program. Of these, 123 identified as female and 13 as male (90.4% and 9.6%,
respectively), reflecting the typical gender composition of Education degree programs in
Spain. Participants were randomly assigned to one of two conditions: the non-immersive
(desktop) condition (n = 66) or the immersive condition (n = 70). Data on age, prior
VR experience, and cybersickness susceptibility were not systematically collected; this
constitutes a limitation of the study, as discussed in Section 5.1.
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3.3. Research Design

The study followed a randomized pretest–posttest two-group design. Participants
were randomly assigned to either the immersive VR condition (n = 70) or the desktop
(non-immersive) VR condition (n = 66).

Pretest: One week before the intervention, all students completed a 25-item multiple-
choice pretest assessing the target content addressed in the VR learning object.

Intervention session. In the intervention week, students participated in a single
learning session using the VR learning object according to their assigned condition. The
immersive group used Meta Quest 3 head-mounted displays, whereas the desktop group
accessed the same learning object using laptops or tablets. The session was conducted
under the same classroom conditions and with the same instructions provided by the
instructor (Figure 1).

Figure 1. Immersive and desktop use.

Posttest: Immediately after the learning session, students completed the same performance
test (with item order altered) as a posttest. They also completed the NASA-TLX questionnaire
and the semantic differential scale to assess cognitive load and attitudes, respectively.

3.4. Instruments

Three instruments were used to collect data: a performance test to measure knowledge
acquisition, the NASA-TLX to assess cognitive load, and a semantic differential scale to
evaluate attitudes toward the VR learning object.

3.4.1. Performance Test

To assess knowledge acquisition, a 25-item multiple-choice test was developed based
on the instructional content presented in the VR learning object on Future Classrooms.
Each item included four response options with a single correct answer.

The same instrument was administered during both the pretest and posttest phases. To
minimize potential order effects, the sequence of items was altered between administrations.

Participants were instructed to select the best answer for each question without con-
sulting external sources. Each correct response was scored as 1 point, and incorrect or
unanswered items were scored as 0. Total scores ranged from 0 to 25, with higher scores
indicating greater content mastery.

Although identical items were used in both administrations, the reordering of items and
the instructional focus of the intervention were intended to reduce potential recall effects.

The test covered the following conceptual domains:

• Conceptual definition of Future Classrooms
• Functional zoning (Explore, Investigate, Interact, Develop, Present)
• Pedagogical principles
• Technological tools and laboratory resources
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• Methodological approaches and 21st-century skills

The complete set of items is presented in Table 1.

Table 1. Performance Test Items (25 Multiple-Choice Questions).

No. Question Options

1 What is the simplest system for creating small 3D
objects? (a) 3D printer (b) 3D pen (c) 3D design software (d) Video cameras

2 How can a future classroom be divided? (a) Rows of desks (b) Six specific zones (Investigate, Explore, Interact, etc.)
(c) Open undivided space (d) Individual-only areas

3 Which zone is intended to foster curiosity and
discovery? (a) Explore (b) Interact (c) Investigate (d) Develop

4 What is meant by “Future Classrooms” in Educational
Technology?

(a) Traditional classrooms (b) Programming-only spaces (c) Innovative learning
spaces integrating advanced technology, modern pedagogy and flexibility
(d) Technology-free rooms

5 What is one of the main functions of technology in
future classrooms?

(a) Only projecting slides (b) Quick contextual access to information
(c) Replacing teachers (d) Automatic grading

6 Which zone is intended for creation and design? (a) Explore (b) Interact (c) Investigate (d) Develop

7 What type of layout favors future classrooms? (a) Individual desks only (b) Flexible collaborative spaces (c) Fixed frontal
seating (d) No interaction

8 One main objective of future classrooms is: (a) Teaching only technical skills (b) Preparing students for a digital and global
world (c) Maintaining traditional instruction (d) Eliminating interaction

9 What type of learning environment is promoted? (a) Rigid and structured (b) Flexible and personalized (c) Disorganized (d) Static

10 What methodology is encouraged? (a) Passive learning (b) Project-based active learning (c) Lectures only (d) None

11 Which zone facilitates collaboration and
communication? (a) Explore (b) Interact (c) Present (d) Investigate

12 What determines zone organization? (a) Number of teachers (b) Resources and available space (c) Number of
students (d) None

13 Which methodologies are highlighted? (a) Memorization-based (b) Teacher-centered (c) Active project-based
(d) Repetitive tasks

14 Which zone is for sharing results? (a) Explore (b) Interact (c) Present (d) Investigate

15 What facilitates technology placement in the lab? (a) Material creation (b) Group organization (c) Eliminating interaction
(d) Reducing mobility

16 What do interconnected screens allow? (a) Video reception only (b) Projecting group work (c) Remote broadcast only
(d) None

17 Which 21st-century skill is promoted? (a) Memorization (b) Critical thinking (c) Only manual skills (d) None

18 What does a 3D printer allow? (a) Creating physical models from digital designs (b) Printing documents only
(c) Remote streaming (d) Image projection

19 What elements are in the audiovisual studio? (a) Low-quality camera (b) High-quality camera, lighting and chroma (c) Only
chroma (d) None

20 What characterizes the physical structure? (a) Rigid furniture (b) Flexible mobile space (c) Paper-based materials
(d) Limited technology

21 Function of interactive board? (a) Writing tool only (b) Editing and presenting materials (c) Fixed information
(d) Recording

22 Utility of 3D pen? (a) Replace board writing (b) Manual small 3D objects (c) Advanced graphics
only (d) Paper printing

23 What is videoconferencing used for? (a) Recording only (b) Connecting and interacting externally (c) Viewing only
(d) Booking space

24 How can students present ideas? (a) Only glass board (b) Projecting from devices (c) Paper only (d) 3D pen only

25 What characterizes future classroom innovation? (a) Rigidity (b) Integration of pedagogy and technology (c) Technology
exclusion (d) Traditional instruction

3.4.2. Cognitive Load: NASA-TLX

Cognitive load was measured using the NASA Task Load Index (NASA-TLX) [46],
a widely validated multidimensional instrument frequently applied in immersive and
non-immersive VR research [47–50]. The adapted version used in this study comprised six
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dimensions: (1) Mental demand: how much mental and perceptual activity was required?
(2) Physical demand: how physically demanding was the task? (3) Temporal demand:
how rushed or accelerated was the pace? (4) Performance: how successful were you
in accomplishing the task? (5) Effort: how much effort did you exert to achieve your
performance level? (6) Frustration: what was your level of frustration during the task?

Each dimension was rated on a scale from 1 to 10. The global cognitive load score was
computed as the unweighted mean of the six dimensions (Raw NASA-TLX), with higher
values indicating greater perceived load.

3.4.3. Attitude Assessment: Semantic Differential Scale

Attitudes toward the VR learning object were assessed using a semantic differen-
tial scale [51–55] adapted from prior instruments validated in educational technology
research [56–58]. The scale comprised 26 bipolar adjective pairs rated on a 7-point scale
(1–7), where higher scores indicated more positive attitudes. The global attitude score was
computed as the mean of all 24 items, with negatively oriented pairs reversed prior to
scoring. The complete list of adjective pairs is presented in Table 2.

Table 2. Semantic Differential Bipolar Adjective Pairs.

No. Left Adjective Right Adjective

1 Tedious Fun
2 Unpleasant Pleasant
3 Ineffective Effective
4 Simple Complicated
5 Worthless Valuable
6 Difficult Easy
7 Impractical Practical
8 Negative Positive
9 Useless Useful
10 Harmful Educational
11 Ugly Beautiful
12 Inappropriate Appropriate
13 Horrible Wonderful
14 Trivial Important
15 Dispensable Essential
16 Detrimental Beneficial
17 Slow Fast
18 Uncomfortable Comfortable
19 Boring Entertaining
20 Rigid Flexible
21 Unnecessary Necessary
22 Unpleasant Agreeable
23 Ineffective Effective
24 Complicated Simple

3.4.4. Reliability Analysis

The internal consistency of the cognitive load and attitude instruments was evaluated
using Cronbach’s α and McDonald’s Ω coefficients. The obtained reliability indices are
presented in Table 3.

Table 3. Instrument reliability index.

Instrument Items N Cronbach’s α McDonald’s Ω

Cognitive Load (NASA-TLX) 6 136 0.738 0.734
Semantic Differential 24 136 0.961 0.960
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Both instruments demonstrated high internal consistency, with values exceeding the
commonly recommended threshold of 0.70 [59].

4. Results
4.1. Cognitive Load

Table 4 presents the means and standard deviations for each NASA-TLX dimension
by condition, along with the global (Raw TLX) score.

Table 4. Means and standard deviations obtained in the cognitive load.

Dimension Total M Total SD Desktop M Immersive M

Mental demand 5.97 1.821 5.83 6.10
Physical demand 3.18 2.065 3.00 3.34

Temporal demand 4.68 2.036 4.48 4.87
Performance 3.15 1.668 3.24 3.07

Effort 5.43 2.169 5.42 5.44
Frustration 3.41 2.549 3.65 3.19

Global (Raw TLX) 4.30 — 4.27 4.36

Global cognitive load scores indicate a low-to-moderate level of perceived demand in both
conditions, with the immersive condition showing slightly higher scores across most dimensions.
A notable degree of inter-individual variability is reflected in the standard deviations.

An ANCOVA with pretest score as the covariate revealed a statistically significant
difference in global cognitive load between conditions, F(1, 133) = 17.875, p < 0.001, partial
η2 = 0.118, indicating that students in the immersive condition experienced higher cognitive
load than those in the desktop condition.

4.2. Attitudes Toward VR

Table 5 presents the means and standard deviations for each semantic differential item
by condition.

Overall attitude scores were high (M = 5.78 on a 1–7 scale), indicating very positive atti-
tudes toward the VR experience in both groups. The highest-scoring items were: Appropriate,
Educational, Positive, Beautiful, Entertaining, Useful, Agreeable, and Effective. Attitudes were
slightly more positive in the immersive condition (M = 5.88) than in the desktop condition
(M = 5.77), though this difference was not statistically significant (see Section 4.4).

Figure 2 presents word clouds of the adjectives that received the highest (6–7) and
lowest (1–2) scores, separately for the immersive and non-immersive conditions. The word
clouds were generated using Claude after removing stopwords and applying frequency-
based weighting.

Table 5. Means and standard deviations obtained in the semantic differential scale.

Item Total M Total SD Non-Immersive M Immersive M

Fun–Tedious 5.86 1.472 5.65 6.06
Pleasant–Unpleasant 5.99 1.358 5.85 6.13
Ineffective–Effective 5.49 1.673 5.55 5.43
Complicated–Simple 4.83 1.417 4.76 4.90
Valuable–Worthless 5.71 1.300 5.74 5.67

Hard–Easy 5.40 1.373 5.21 5.57
Practical–Impractical 5.86 1.289 5.92 5.80

Negative–Positive 6.25 1.059 6.21 6.29
Useful–Useless 6.08 1.089 6.12 6.04

Educational–Pernicious 6.34 1.042 6.35 6.33
Ugly–Pretty 6.16 1.130 6.12 6.20

Appropriate–Inappropriate 6.38 1.040 6.39 6.37
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Table 5. Cont.

Item Total M Total SD Non-Immersive M Immersive M

Wonderful–Horrific 6.01 1.109 6.05 5.99
Important–Trivia 5.89 1.191 6.00 5.79

Dispensable–Essential 4.71 1.531 4.61 4.80
Beneficial–Harmful 5.99 1.085 6.05 5.94

Fast–Slow 5.27 1.411 5.18 5.36
Uncomfortable–Comfortable 5.66 1.351 5.77 5.56

Entertaining–Boring 6.15 1.238 6.06 6.23
Rigid–Flexible 5.90 1.216 5.97 5.84

Necessary–Unnecessary 5.68 1.241 5.83 5.53
Pleasant–Unpleasant 6.02 1.226 6.02 6.03
Ineffective–Effective 6.01 1.099 6.09 5.93
Complicated- Simple 5.35 1.380 5.24 5.46
Valuable–Worthless 6.02 1.105 6.11 5.94

Saves time–Time-consuming 5.32 1.413 5.32 5.31
Total Scale 5.78 1.27 5.77 5.88

Immersive Non-immersive

Score 1–2 Score 6–7 

Figure 2. Word Clouds.

4.3. Knowledge Acquisition (Performance)

The following hypotheses were tested:

• H0: There are no statistically significant differences in academic performance following interac-
tion with the VR learning object (α = 0.05).

• H1: There are statistically significant differences in academic performance following interaction
with the VR learning object (α = 0.05).

An ANCOVA was conducted with posttest score as the dependent variable and pretest
score as the covariate. Results are presented in Table 6.
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Table 6. ANCOVA performance.

Source SS (est.) df MS (est.) F p Partial η2

Pretest (covariate) 89.74 1 89.74 31.420 <0.001 0.191
Condition (Immersive vs. Desktop) 8.56 1 8.56 2.997 0.086 0.022

Error 379.93 133 2.856
Total (corrected) 478.23 135

Note. N = 136; df_error = 133. SS and MS values are derived from F statistics and error MS (MS_error = 2.856).
Posttest means: Desktop M = 23.53, SD = 1.37; Immersive M = 22.93, SD = 2.24.

The results allow rejection of H0 with respect to overall learning gains, F(1, 133) = 31.420,
p < 0.001, partial η2 = 0.191, confirming that interaction with the VR learning object produced
significant knowledge acquisition regardless of modality. However, H0 is not rejected for
differences between conditions, F(1, 133) = 2.997, p = 0.086, partial η2 = 0.022, indicating no
significant difference in performance between the immersive and desktop modalities.

4.4. Correlations Among Variables

Pearson correlations were computed to examine the relationships between posttest
performance, cognitive load, and attitudes, both for the total sample and by condition
(Tables 7 and 8).

Table 7. Pearson correlations—total sample (N = 136).

Variables r p

Posttest – Cognitive load −0.070 0.420
Posttest – Semantic differential 0.050 0.564

Cognitive load – Semantic differential −0.375 <0.001

Table 8. Pearson correlations by condition.

Variables Desktop r Desktop p Immersive r Immersive p

Posttest – Cognitive load −0.185 0.138 0.004 0.972
Posttest – Semantic differential −0.005 0.968 0.102 0.401

Cognitive load – Semantic differential −0.332 0.006 −0.439 <0.001

Posttest performance was not significantly associated with either cognitive load or
attitudes in either condition. However, a consistent negative association was observed between
cognitive load and attitudes across all groups: r = −0.375 for the total sample (p < 0.001),
r = −0.332 for the desktop group (p = 0.006), and r =−0.439 for the immersive group (p < 0.001).
These results reveal that higher perceived cognitive load was associated with less favorable
attitudes toward the VR experience. It should be noted, however, that this is a correlational
finding and does not establish a causal relationship between the two variables.

4.5. Differences in Attitudes Between Conditions

An independent-samples t-test was conducted to examine whether attitudes differed
significantly between the immersive and desktop conditions. Results are presented in Table 9.

Table 9. Independent-samples t-test: differences in attitudes between conditions.

Condition M SD n t df p Cohen’s d 95% CI

Desktop 5.78 1.03 66 −0.077 134 0.939 0.011 [−0.326, 0.306]
Immersive 5.79 0.77 70

The t-test revealed no statistically significant difference in attitudes between conditions,
t(134) = −0.077, p = 0.939, Cohen’s d = 0.011 (negligible effect). The 95% confidence interval
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for the mean difference [−0.326, 0.306] includes zero, confirming that H0 cannot be rejected.
Both groups showed equivalently positive attitudes toward the VR experience.

5. Discussion
The results of this study indicate that virtual reality (VR), in both its immersive and

desktop modalities, is an effective tool for promoting knowledge acquisition in univer-
sity students. The absence of significant differences in posttest performance between
conditions—F(1, 133) = 2.997, p = 0.086, partial η2 = 0.022—is consistent with a substantial
body of research reporting equivalent or inconclusive learning outcomes between HMD-
based and desktop VR systems [17,19,20,22,60]. The small effect size confirms that the
practical significance of this null result is also negligible, providing further support for the
functional equivalence of both modalities in terms of learning outcomes.

At the same time, the immersive modality was associated with a statistically signifi-
cant, albeit modest, increase in global cognitive load (M = 4.36 vs. M = 4.27 for desktop),
consistent with the postulates of Cognitive Load Theory [34,36]. The additional percep-
tual, motor, and attentional demands introduced by HMD interaction—including spatial
navigation, sensorimotor coordination, and peripheral processing—may contribute to a
higher extrinsic load in immersive contexts [6,29,43]. Crucially, however, this difference
in cognitive load did not translate into performance differences, reinforcing the view that
moderate increases in extrinsic load may be tolerated without detriment to learning when
the instructional content is well-structured and supported [24–26].

A noteworthy aspect of the findings is that both groups reported low-to-moderate
global cognitive load scores (Total M = 4.30 on a 1–10 scale), suggesting that the design
of the VR learning object—incorporating elements such as viewing guides, informative
hotspots, and clear spatial organization—was effective in managing cognitive demand
in both modalities. This finding is consistent with research demonstrating that targeted
design features can significantly reduce extrinsic load in VR materials [38,45]. It should
be emphasized, however, that the specific design elements of the learning object were not
systematically manipulated in this study, and their individual contributions to cognitive
load management remain inferential. Future research should employ controlled factorial
designs to isolate the effects of specific instructional design features.

Regarding attitudes, students reported very positive assessments of the VR experience
in both conditions (Total M = 5.78 on a 1–7 scale), with no statistically significant difference
between modalities, t(134) = −0.077, p = 0.939, Cohen’s d = 0.011. This result is consistent
with reviews and meta-analyses highlighting high levels of acceptance and motivation
associated with VR environments, regardless of immersion level [3,4,7,10,15]. Additionally,
a consistent negative association was observed between cognitive load and attitudinal
scores across all groups (r = −0.375 total; r = −0.332 desktop; r = −0.439 immersive),
suggesting that higher perceived mental demand may be linked to less favorable subjective
evaluations of the VR experience. This finding underscores the practical importance of
minimizing extrinsic cognitive load in VR instructional design. It should be noted, however,
that these associations are correlational, and causal interpretations are not warranted.

The high reliability obtained for both measurement instruments—NASA-TLX (α = 0.738,
Ω = 0.734) and semantic differential (α = 0.961, Ω = 0.960)—supports the internal consistency
of the data and the suitability of both tools for assessing cognitive load and attitudes in
educational VR contexts [46,47,51–53].

From a practical standpoint, the results suggest that desktop VR constitutes a robust
and accessible pedagogical alternative, particularly in resource-constrained contexts, given
its lower technical complexity, reduced cost, and comparable learning outcomes. Immersive
VR, by contrast, may offer added value in scenarios where presence, emotional engagement,
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and situational realism are pedagogically central—for example, in procedural skills training
or high-fidelity situational simulations [11,17,18]. Instructional design decisions should
therefore be guided by pedagogical criteria rather than technological preference alone.
Practical recommendations for VR learning object design include: incorporating visual
signage and narrative guides; segmenting content to manage cognitive load; calibrating
navigation and interaction to students’ prior technological experience; and systematically
measuring cognitive load and attitudes as part of educational innovation evaluations.

5.1. Limitations

This study has several limitations that should be considered when interpreting the
findings. First, the sample was limited to second-year students in a single degree program,
which constrains the generalizability of results to other educational levels and disciplines.
Second, all measures of cognitive load and attitudes relied on self-report instruments,
which may be subject to response bias and do not capture objective physiological indicators
of mental demand. Third, the learning object was specific to a single content area (Future
Classrooms), and results may not generalize to VR experiences addressing other types
of knowledge or skills. Fourth, the study did not include retention or transfer measures,
limiting conclusions about the durability or applicability of learning gains. Fifth, the
performance test used identical items across pretest and posttest with only item-order
randomization, which may not fully eliminate practice or memory effects; furthermore,
item-level psychometric data (difficulty indices, discrimination indices, and KR-20 reliabil-
ity) were not available for the present report, and future work should include a full item
analysis to strengthen the validity evidence for the instrument. Sixth, although ANCOVA
was employed to control for pretest differences, a formal verification of its assumptions
(homogeneity of regression slopes, residual normality, and homoscedasticity) was not re-
ported here and should be addressed in future replications. Finally, baseline characteristics
of participants—including prior VR experience and cybersickness susceptibility—were not
systematically measured, limiting the assessment of group comparability.

5.2. Future Research Directions

Three priority lines for future research are proposed. First, there is a need to develop
theories and instructional design models specific to VR that can specify which design
elements—signage, interactivity, metacognitive guidance, spatial organization—moderate
the relationship between immersion, cognitive load, and learning [10]. Second, multi-
modal cognitive load assessment approaches should be pursued, combining subjective
instruments with physiological and behavioral indicators (e.g., eye-tracking, galvanic
skin response, EEG) to obtain more robust and valid diagnoses in XR scenarios [47,48].
Third, longitudinal research is needed to examine knowledge retention, skill transfer, cost-
effectiveness, and equity of access across different educational contexts, infrastructure
levels, and student populations—with particular attention to the digital divide implications
of adopting immersive technologies [17,18].

6. Conclusions
This study examined the differential effects of immersive and desktop VR on knowledge

acquisition, cognitive load, and attitudes in a sample of 136 university students. The main
findings are as follows: (1) interaction with VR-based learning objects produced significant
knowledge gains in both conditions, with no statistically significant differences between
modalities; (2) the immersive condition was associated with a slightly higher—yet still low-
to-moderate—cognitive load than the desktop condition, a difference that did not affect
performance outcomes; (3) attitudes toward VR were highly positive in both groups and did
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not differ significantly by modality; and (4) a consistent negative association was observed
between cognitive load and attitudes, though this relationship is correlational in nature.

These results support the educational viability of both immersive and desktop VR
for knowledge acquisition in higher education, while highlighting that modality selection
should be driven by contextual factors—including available resources, the nature of the
learning content, and the pedagogical goals—rather than by an assumption of inherent
superiority of one modality over the other. Careful instructional design, particularly in
managing cognitive load through structured and guided VR experiences, appears to be a
critical mediating factor in both modalities.
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