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Abstract: Objective: This study investigated the factors influencing college students” continuous
utilization intention of virtual simulation software (Animation Character Virtual Simulation Software
V1.0) in the context of current efforts to promote sustainable educational practices and explored design
strategies to enhance this willingness in a sustainable manner. Method: Based on the Expectation
Confirmation Model of Information System Continuance (ECM-ISC), this study developed a model
to examine the impact of college students’ spatial ability (SA) on their virtual simulation learning
behavior. Upon administering a questionnaire to the selected participants (N = 164), the survey
data were analyzed for reliability and validity. Subsequently, the relationships among the model’s
variables were explored. Result: For college students majoring in Digital Media Art, spatial ability
significantly positively affects their sustainable utilization intention of virtual simulation software
within 3D virtual scenarios. Meanwhile, it positively impacts perceived ease of use (PEU) and flow
experience (FE), which are key factors in promoting the sustainable adoption of such technologies.
The introduced spatial ability, perceived ease of use, and flow experience influence the endogeneity
of the ECM-ISC. Moreover, gender differences in spatial ability are profound among these students.
Conclusion: The primary influencing pathway is spatial ability — flow experience — expectation
confirmation — perceived usefulness — continuous utilization intention. Enhancing spatial ability is
one effective way to advance virtual simulation software, offering new insights for its design and
long-term improvement in alignment with sustainable educational practices.

Keywords: sustainable educational innovations; spatial ability; virtual simulation software; multimedia;
sustainable utilization intention

1. Introduction

Under the guidance of the Chinese government’s policy to “promote the digitization
of education and build a learning society and a learning country with lifelong learning for
all people”, universities across China are actively exploring teaching reforms using virtual
reality software [1]. This significant initiative signifies that the digital transformation of
education has become a crucial task in educational reform and development. Currently,
virtual simulation software has become a vital enabling tool in the digital transformation of
higher education in China. Due to its effectiveness in reducing students’ environmental
cognitive load [2], virtual reality has been extensively adopted in educational practices
aimed at creating immersive learning scenarios and fostering soft skills [3]. Despite its
growing application, virtual simulation is still considered to be in an exploratory phase
in higher education, and learners have not yet habituated to using it [4]. Thus, when
formulating strategies to integrate virtual simulation into education, students’ perceptions
of virtual simulation experimental courses are an essential consideration [5].
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Constructivist epistemology posits that knowledge is actively constructed by cognitive
subjects [6], which is acquired by learners through activities and perceptions in specific
contexts. Spatial ability enables learners to effectively handle spatial relationships in the
task scenarios provided by virtual reality, completing operations and positioning tasks in
virtual spaces. A review of the relevant literature indicates a lack of a unified definition
of spatial ability. Spatial ability (SA) is also referred to as “spatial reasoning”, which is
interchangeable in research. Prior studies have highlighted spatial ability as a significant
factor influencing academic achievement across various subjects [7]. Consequently, this
study deemed it necessary to explore the impact of college students’ spatial ability on their
intention to use virtual simulation software. A model was constructed to investigate the
impact of spatial ability on virtual simulation learning behavior, combining a nested model
of spatial reasoning complexity and the Expectation Confirmation Model (ECM) [8]. In this
model, perceived ease of use (PEU) and flow experience (FE) were incorporated into the
ECM. Moreover, the relationships between spatial ability, perceived ease of use, and flow
experience were examined.

Empirical research has revealed that spatial ability is significantly correlated with
both perceived ease of use and flow experience. This study explored influencing pathways
among spatial ability, perceived ease of use, flow experience, expectation confirmation, per-
ceived usefulness, and satisfaction, laying a theoretical foundation for effectively enhancing
information recall in the spatial presence and virtual simulation software usage behavior.
The findings contribute to understanding the mechanisms by which spatial ability impacts
learners’ continuous utilization intention. The recommendations based on data analysis are
practically significant for the design, update, and promotion of virtual simulation software
in educational settings.

1.1. Literature Review

Spatial ability is the capacity to generate mental images through personal thought and
problem-solving [9]. It belongs to fluid intelligence, a crucial component of the structure of
human intelligence. Additionally, fluid intelligence has been identified as a causal factor in
general learning as it supports the acquisition of knowledge and skills [10].

Existing research has demonstrated that spatial ability is highly malleable and re-
sponds positively to educational interventions [11]. In the field of design education, in-
dividuals in the design group exhibit superior spatial ability to those in the non-design
group [12]. Spatial ability plays a pivotal role in creative thinking, conceptual problem-
solving, and concept generation [13]. Furthermore, it is closely related to creativity [14].
Individuals with higher stereoscopic auditory-visual capability, spatial ability, and immer-
sive tendency tend to experience heightened spatial presence [15].

Spatial ability is a user variable. User variables combined with media factors form the
Spatial Situation Model (SSM), which is a necessary stage in generating spatial presence [16].
Consequently, spatial ability is considered a vital element in fostering spatial presence.
Compared to traditional media, virtual simulation software magnifies spatial presence [17],
which can enhance learning efficacy, including factual knowledge recall [18] and learning
motivation [19]. However, some studies have suggested that virtual simulation software
has no direct effect on information recall. While the spatial presence generated by such
software can boost user engagement and enjoyment, it may also impede information
recall due to the consumption of cognitive resources [20]. This arises from the finite
cognitive capacity of humans for information processing. Spatial presence involves the
allocation of psychological resources to process the mental representations used in media
content for media space construction. Spatial ability, the most critical aspect of individuals’
processing ability [21], remarkably influences their capacity to establish solid and vivid
mental representations of spaces depicted by media products [16]. Additionally, individuals
with higher spatial ability may find it easier to fill in missing spatial information from
memory, thereby elevating the richness and/or internal consistency of SSM with insufficient
spatial data in media products [22]. Spatial presence is a combination of technological and
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individual factors. The former provides environmental support, and the latter influences
personal perception, rendering both aspects inseparable.

Virtual simulation software is widely recognized as an effective learning tool [23]. How
to ensure that learners can fully benefit from spatial presence while effectively learning and
recalling information warrants further investigation. Given the above analysis, it is essential
to use spatial ability as an independent variable and analyze its impact on user experience
and continuous utilization intention of virtual simulation software. This facilitates the
integration of content design and information processing in virtual simulation software,
ultimately advancing the deep fusion of digital technology and education.

1.2. The Proposed Framework
1.2.1. Nested Model of Spatial Reasoning Complexity

Davis posited that spatial reasoning (also known as spatial ability) was a process
where “psychological understanding” and “physical transformation” were interwoven [24].
As shown in Figure 1, content related to “psychological understanding” is located on the
left side of the graphic area, while that involving “physical transformation” is on the right
side. During spatial cognition, the cognitive processes associated with “psychological
understanding” dynamically interact with the physical actions or thoughts involved in
“physical transformation”. Ultimately, individuals will translate these processes into other
skill categories through interpretation or performance.
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Figure 1. The emergent complexity of spatial reasoning elements, adapted from Davis et al.’s
(2015) [24].

When using virtual simulation software, learners need to interact with the software
to acquire spatial information. In spatial cognition, “physical transformation” requires
learners to perform actions or thoughts related to “locating”, “moving”, and “modifying”.
This paper posits that spatial ability can assist learners in connecting external stimuli
perceived with internal conceptual representations. For example, synchronizing mental
and virtual spatial information when manipulating geometric shapes, such as moving,
rotating, or scaling, can enhance the “perceived ease of use (PEU)” of the software. The easy
interactivity perceived by learners can boost their operating efficiency. PEU is generally

used to assess the degree to which a particular technology or system is considered as
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easy and convenient [25], serving as the foundation for successful learning activities.
Accordingly, this study defines “PEU” as the learners’ perception of the ease of use of
virtual simulation technology. The following hypothesis is proposed:

H1. Spatial ability has a significant positive effect on perceived ease of use.

Virtual simulation software adopted in learning provides high-quality or abundant
sensory information [26]. In this context, the “psychological understanding” domain
involves initiating cognitive processes, encompassing “sensing”, “interpreting”, and “con-
structing (decomposing)”. This article suggests that spatial ability can promote learners’
perception of spatial information, facilitating the understanding of the relationships be-
tween stationary or moving target objects, their positions, and directions, as well as their
contours, structures, constructions, and decompositions.

Csikszentmihalyi [27] defined “flow experience (FE)” as a state of complete immer-
sion where individuals experienced peak engagement over a period. FE is related to the
combination of skills individuals believe they possess, which is associated with challenges
from activities. It can be inferred that spatial ability enhances learners’ sensory experience,
thereby improving “FE”. In a flow state, individuals filter out irrelevant stimuli, focus
only on goals and feedback, and maintain a sense of control over the environment. Flow
plays a crucial role in shaping user experience and interactions with computer devices or
programs [28]. Therefore, this article incorporates FE as a mediating variable and defines it
as the psychological state of college students using virtual simulation technology, proposing
the following hypothesis:

H2. Spatial ability has a significant positive effect on flow experience.

1.2.2. Expectation Confirmation Model

The Expectation Confirmation Model (ECM) is built upon Oliver’s Expectation Confir-
mation Theory (ECT) [29] and Davis’s Technology Acceptance Model (TAM) [30]. However,
the ECM model addresses the post-confirmation stage. Omitting factors that influence
perceived performance might yield an incomplete view of the research results. Perceived
performance acts as a bridge between other influencing factors and the confirmation level,
offering an additional perspective on raising the confirmation level [31]. The 3D virtual
simulation software used in this study utilizes virtual simulation technology to better
simulate real-world environments and enhance situational awareness. It also requires
university students to have a high level of spatial ability to process spatial information
and improve their perceived user experience. This may impact the level of expectation
confirmation, necessitating an exploration of related influencing factors based on the ECM.

TAM theory suggests that technology can only meet users’ initial expectations after
being adopted. By comparison, ECT theory believes that users form expectations about a
product or service before using it, and after usage, they compare their actual experience
with their initial expectations, resulting in expectation confirmation. Positive confirmation
occurs when actual performance meets or exceeds initial expectations [32]. Higher perfor-
mance expectations generally lead to greater confirmation levels [33]. Given that virtual
simulation software is an innovative technology in educational settings, pre-adoption
expectations can influence post-adoption perceptions and behaviors. However, the Ex-
pectation Confirmation Model (ECM) places excessive emphasis on the final behavioral
outcomes, while insufficiently considering process-related factors. Therefore, it is necessary
to develop a new model that incorporates the influencing variables both before and after
the use of virtual simulation software. By exploring the pathways through which university
students’ spatial abilities affect their intention to continue using the software, this model
can provide valuable insights for improving educational interventions. Based on this, this
article incorporates perceived ease of use and flow experience as pre-confirmation influ-
encing factors. “Expectation confirmation (EC)” is defined as the psychological disparity
between learners’ expectations before using virtual simulation technology and their actual
performance afterward. The following hypotheses are proposed:
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H3. Perceived ease of use has a significant positive effect on expectation confirmation.
H4. Flow experience has a significant positive effect on expectation confirmation.

According to ECM proposed by Bhattacherjee [8], expectation confirmation directly
affects users’ perceptions of usefulness and satisfaction. Additionally, perceived usefulness
has a direct impact on satisfaction and continuous utilization intention. Satisfaction, in
turn, is a crucial factor affecting the intention to persist with the technology. Perceived
usefulness significantly positively impacts satisfaction. It has been validated that the ECM
hypotheses generally hold true in typical online education contexts [34]. In this study,
“perceived usefulness” refers to the extent to which learners believe that virtual simulation
technology enhances learning performance; “satisfaction” denotes the psychological state
or emotional response of students to their learning experience with virtual simulation;
“continuous utilization intention” represents the willingness to persist with virtual simula-
tion technology for educational purposes. Therefore, this article proposes the following
hypotheses for college students using virtual simulation technology:

H5. Expectation confirmation has a significant positive effect on perceived usefulness.

He6. Expectation confirmation has a significant positive effect on satisfaction.

H7. Perceived usefulness has a significant positive effect on satisfaction.

HS. Perceived usefulness has a significant positive effect on continuous utilization intention.
H9. Satisfaction has a significant positive effect on continuous utilization intention.

Based on these hypotheses, a model of the impact of spatial ability on virtual simula-
tion learning behavior was constructed, as shown in Figure 2.

H1 e H3 H5 N H8

H2 y : H4 H6 g N H9
FE SAT ‘

Figure 2. The research model of the influence of spatial cognition on virtual simulation learning
behavior.

2. Research Methodology
2.1. Participants

This study is based on the course “Virtual Simulation Experiment Teaching for An-
imation Character Production” at a local undergraduate university in Shaanxi. The low-
immersion virtual simulation software was developed by a company, with the teaching
content designed by university instructors. The software is in Chinese and includes clearly
defined tasks and assessment components. During classroom instruction, it is used by
student groups, while after class, students can independently use the software at their own
pace. During the eighth week of the course in the first semester of the 2023-2024 academic
year, an offline survey was administered to Digital Media Art students enrolled in the
course. A total of 185 paper questionnaires were distributed and collected. After excluding
incomplete, uniformly answered, or systematically patterned questionnaires, 164 valid
responses were retained. Among the respondents, 65.2% were female. The students were
distributed across different grades as follows: sophomores (31.7%), juniors (35.4%), and
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seniors (32.9%). The students were aged between 18 and 24 years old, and prior to taking
this course, they had no experience using virtual simulation software in other courses
within their major.

2.2. Research Instruments
2.2.1. College Students’ Spatial Ability Scale

Spatial ability is typically assessed using diagram-based tests and self-report scales,
with the latter being more prevalent. This study adapted five spatial ability items from the
General Aptitude Test Battery (GATB) [35] to fit the context of this research. Original items
about solid geometry were modified to scenarios relevant to three-dimensional modeling
in virtual simulation experimental teaching. This adaptation resulted in a one-dimensional
scale of spatial ability for college students, including items such as “I can visualize the
missing shape of an incomplete three-dimensional model” and “I can imagine shapes from
other perspectives in three-dimensional space based on a geometric figure”. The scale
is a 5-point Likert scale, with 5 being the highest value, indicating the strongest spatial
ability, and 1 being the lowest value, indicating the weakest spatial ability. Factor analysis
and internal consistency results, presented in Table 1, demonstrate solid reliability and
convergent validity of the scale.

Table 1. Reliability and validity testing of the spatial ability scale.

Item Factor Loading Cronbach o CR AVE
I'have a strong ability to perceive three-dimensional space. 0.780
I can visualize the missing shape of an incomplete
. : 0.796
three-dimensional model.
I can imagine shapes from other perspectives in 0.791 0.803 0.866 0.564
three-dimensional space based on a geometric figure.
I can easily imagine the unfolded plan when facing a box. 0.680
As soon as a specific object is mentioned, you can 0.700

immediately imagine its three-dimensional shape.

2.2.2. College Students’ Virtual Simulation Experimental Learning Experience Scale

The evaluation items were derived from the existing literature, with modifications
made to suit the specific context of this study. The items for perceived ease of use and
perceived usefulness were adapted from Davis [25] and Davis et al. [30]; those for FE were
draw from Guerra-Tamez et al. [36]; and those for expectation confirmation, satisfaction,
and continuous utilization intention were grounded on Ye et al. [37] and Bhattacherjee
et al. [38]. Finally, a scale for college students’ virtual simulation experimental learning
experience was developed across six dimensions. The scale is a 5-point Likert scale, with
5 being the highest value and 1 being the lowest value.

In factor analysis, the fixed number of factors was set to “5”. The varimax rotation
method was adopted for rotation. Factors with loading below 0.4 (e.g., V14: “I enjoy using
virtual simulation software to learn about character animation production”) were excluded.
The results of factor and internal consistency analyses are shown in Table 2, indicating the
scale’s robust reliability and convergent validity.

Discriminant validity assessment necessitates that the square root of AVE for each
structure variable in the model be greater than the variable’s correlation coefficient with
other structure variables. As listed in Table 3, except for perceived usefulness, whose square
root of AVE is slightly lower than its correlation coefficient with continuous utilization
intention, other latent variables all have higher square roots of AVE than their correlation
coefficients. This indicates that the measurement model has strong discriminant validity.
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Table 2. Reliability and validity testing of the virtual simulation software learning experience scale.

Variable Item Factor Loading Cronbach o CR AVE
Using virtual simulation software has enhanced 0763
my mastery of animation production techniques. '
Using virtual simulation software has improved
. 0.730
my understanding of model-related knowledge.
PU - : : - 0.813 0.771 0.461
Using virtual simulation software has sparked 0.623
my interest in animation character creation. ’
Using virtual simulation software has increased 0582
my learning efficiency. ’
I can proficiently operate the virtual simulation
. . 0.793
software in the course independently.
Using virtual simulation software does not 0.769
require excessive mental effort. ’
PE 77 812 522
v Learning with virtual simulation software is easy 0.701 0775 08 05
for me. '
The features of the virtual simulation software 0.612
are clear and understandable. ’
Learning modeling or animation production
o . . ) . 0.796
with virtual simulation software is a good choice.
Learning modeling or animation production
SAT with virtual simulation software is an inevitable 0.768 0.800 0.756 0.513
trend.
I support the use of virtual simulation software
: o . 0.562
in character animation education.
I plan to use virtual simulation software
. 0.748
frequently in the future.
CUI Iintend to continue using virtual simulation 0.739 0.887 0.770 0.528
software.
I am willing to keep using virtual simulation
0.692
software.
Learning with virtual simulation software makes
0.765
me feel very comfortable.
Learning with virtual simulation software makes
feel tisfied 0.730
FE fnie Jee” very sansted. 0.890 0810 0517
Learning with virtual simulation software makes
0.722
me feel very pleased.
Learning with virtual simulation software makes
0.654
me feel very engaged.
The experience with virtual simulation software
. 0.879
exceeded my expectations.
The outcomes of using virtual simulation 0.787
EC software exceeded my expectations. ' 0.746 0.764 0.535
My expectations for using virtual simulation 0.461

software have been met.
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Table 3. Discriminant validity analysis.
PU PEU SAT CUI FE EC

PU 0.679
PEU 0.454 0.722

SAT 0.603 0.353 0.716

CUIL 0.681 0.464 0.646 0.727

FE 0.670 0.515 0.617 0.697 0.719

EC 0.481 0.380 0.486 0.545 0.547 0.731

3. Research Contents
3.1. Status Analysis

As detailed in Table 4, college students utilizing virtual simulation software to learn
animation design generally have unsatisfactory scores across various dimensions. Specifi-
cally, the overall scores for flow experience, perceived usefulness, perceived ease of use,
continuous utilization intention, expectation confirmation, and spatial ability are all be-
low 4.0, and the satisfaction dimension is only 4.0630. This indicates that students’ self-
assessments across various dimensions are relatively low, with their overall evaluations at
a moderate level.

Table 4. Status analysis.

Variable SA PUE FL EC PU SAT CUI
Mean 3.700 3.482 3.732 3.679 3.968 4.063 3.807
SD 0.589 0.711 0.726 0.621 0.628 0.663 0.732
The T-test data indicate that male students score significantly higher than females in
dimensions such as FE (T = 2.458 *), PEU (T = 3.725 *), CUI (T = 3.407 *), and SA (T = 6.363 *).
Additionally, students with prior experience using 3D software show significantly better
performance in SA (T = 3.100 ***) and PUE (T = 2.825 *) compared to those without 3D
software experience.
3.2. Model Analysis
This study employed structural equation modeling (SEM) to analyze the proposed
model. The model fit was assessed using AMOS 24.0. As detailed in Table 5, the criteria for
model fit are all met, verifying that the proposed model has a good fit.
Table 5. Model fit indices.
Indicator CMIN/DF RMR GFI AGFI NFI RFI IFI TLI CFI RMSEA
Rec"‘r:flrl‘l‘;“ded 13 <008  >090  >090  >090  >090  >090  >090  >090  <0.10
Measured value 1.488 0.062 0.839 0.804 0.828 0.806 0.936 0.927 0.935 0.055

The results of the hypothesis analysis are shown in Table 6, and the standardized paths
are depicted in Figure 3. Hypotheses H3 and H7 are invalid; hypotheses H1, H2, H4, H5,
Heé, H8, and H9 are solid; and all hypotheses are highly significant at the level of p < 0.001,
except for H4, which is significant at the level of p < 0.05.
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Table 6. Hypothesis analysis results.
Hypothesis  Relationship Estimate S.E. C.R. p Valid
H1 SA—PEU 0.760 0.145 5.253 * Yes
H2 SA—FE 0.587 0.132 4.449 * Yes
H3 PEU—EC 0.113 0.061 1.843 0.065 No
H4 FE—EC 0.661 0.086 7.642 * Yes
H5 EC—PU 0.968 0.127 7.610 * Yes
H6 EC—SAT 0.849 0.381 2.229 0.026 * Yes
H7 PU—SAT 0.033 0.337 0.097 0.093 No
HS8 PU—CUI 0.726 0.140 5.197 * Yes
H9 SAT—CUI 0.440 0.132 3.340 * Yes

Note: * represents p < 0.05.

PEU
H1 \
0.643°
( SA
H2 e
0.446 o

Figure 3. The standardized path diagram. Note: The solid lines represent significant correlations,
and the dashed lines denote unconfirmed significant correlations. * represents p < 0.05.

4. Results and Discussion

Spatial ability significantly positively impacts both perceived ease of use and flow
experience, with a more pronounced effect on perceived ease of use compared to flow
experience. This suggests that spatial ability promotes learners’ performance in physical
transformations and mental understanding when they employ virtual simulation software.
This is because spatial ability encompasses multiple spatial factors, such as visualization,
mental rotation, perspective-taking, speed judgment, directional judgment, and mem-
ory [39]. These factors actively assist learners in understanding the contours, structures,
and positional relationships of observed targets, as well as in multi-angle analysis. Spatial
ability facilitates easier identification of spatial cues in virtual reality and enhances the
cognitive significance of spatial structures. The findings of this study are consistent with
the theories of Davis [24] and Wirth [16]. This also suggests that spatial ability influences
the perceived experience when completing learning tasks using virtual simulation soft-
ware, particularly the immersion experience. However, according to immersion theory,
the emergence of immersion experience requires a corresponding level of spatial ability.
This is especially important for STEM disciplines, which are highly correlated with spatial
ability [39], and attention should be given to students’ spatial ability levels during use.

Perceived ease of use does not significantly influence expectation confirmation, whereas
FE does. This implies that digital media art students’ perceived ease of use with virtual
simulation software deviates from their initial performance expectations. In contrast, their
higher expectation for flow experience is confirmed. This denotes that learners are more
concerned with how well the virtual simulation software matches their professional skills
and challenges rather than its ease of use. The lack of predictive power of perceived ease of
use for software usage in this study aligns with the findings of Noble et al. [40].

Expectation confirmation significantly positively affects both perceived usefulness
and satisfaction, with a greater effect on perceived usefulness (0.903 *) than on satisfaction
(0.766 *). This conclusion demonstrates that the degree of alignment with expectations
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influences subsequent expectations. Meanwhile, it validates the relationships between
expectation confirmation and perceived usefulness and satisfaction in the ECM. However,
in this study, perceived usefulness fails to predict satisfaction. This implies that college
students’ satisfaction with virtual simulation software primarily stems from the expectation
confirmation of the alignment with flow experience rather than the perceived usefulness
alone. Previous research highlights that despite online learning being a pivotal tool, the
greatest challenges lie in inappropriate learning environments and software content below
educational requirements [41].

Both perceived usefulness and satisfaction significantly positively influence contin-
uous utilization intention, and perceived usefulness has a greater effect than satisfaction.
This finding extends the applicability of the ECM to investigate the continued use of virtual
simulation software. It suggests that, in expectations afterward, knowledge acquisition
is a primary goal for adult learners [42]. College students who have positive experiences
with virtual simulation software view it as beneficial for knowledge acquisition, which
encourages their continued utilization. In other words, although perceived ease of use
does not significantly impact the learning process, perceived usefulness helps students
overcome system-related inconveniences and motivates them to persist in using virtual
simulation software.

Male students consistently score evidently higher than female ones across all dimen-
sions, reflecting substantial gender differences in spatial ability. Based on the data analysis
from this study, the difference in spatial abilities may be attributed to the varying experience
with 3D software and learning outcomes between male and female students. Additionally,
existing research suggests that this disparity is largely attributed to differences in responses
to virtual reality between genders. Females generally exhibit inferior performance in
spatial cognition [43]. However, the overall impact of gender on virtual reality usage is
minimal [44]. Remarkable differences are primarily observed among individuals with
lower spatial abilities. Mental rotation is a predominant factor contributing to these dif-
ferences [45]. It is necessary to train female students before classes to mitigate this gender
disparity in spatial ability.

5. Conclusions

This study focuses on the pre-adoption and post-adoption stages, primarily explor-
ing the processual impact of spatial ability on the intention to continue use. Through a
quantitative research approach, the relationship between spatial ability, perceived ease of
use, and flow experience was validated. In expanding the applicability of the ECM, the
study also identified the primary pathways through which spatial ability influences contin-
uous utilization intention. Additionally, strategies need to be developed to reduce gender
differences. Based on the research findings, the following strategies are recommended to
enhance learning outcomes:

This study identifies a significant impact between college students’ spatial ability and
their continuous utilization intention for virtual simulation software, with male students
showing notably higher spatial ability than female students. Therefore, it is essential
to train students in spatial solution strategies and narrow gender gaps in spatial ability.
It is recommended that holistic strategies be used when employing virtual simulation
software to help students form comprehensive images of 3D models in their minds. If
needed, targeted training should be provided to students with lower spatial ability, focusing
particularly on improving their mental rotation skills.

The primary influencing pathway is spatial ability — flow experience — expectation
confirmation — perceived usefulness — continuous utilization intention. On the one
hand, emphasize the learning content challenge and flow experience. Flow experience is
a key mediator affecting the intention to continue using. By enhancing flow experience,
user engagement and spatial presence can be heightened. integrate learning content into
meaningful contexts to deepen understanding and memory retention. Design adjustable
difficulties for software tasks. By anticipating learners’ needs, the alignment with their psy-
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chological understanding can be improved, thus promoting their engagement during use.
Additionally, streamline the user interface, reduce distractions, and optimize information
density to minimize unnecessary cognitive loads. College students’ positive experiences
exceeding their anticipation will elevate their expectation confirmation of virtual simulation
software. On the other hand, enrich data feedback mechanisms and improve the perceived
usefulness of software performance. Data visualization can be utilized to present relevant
information to college students, enabling them to directly perceive the benefits of using
virtual simulation software and augmenting user viscosity. Focus on the reflection of group
learning feedback, such as function design and data representation of teacher evaluations,
peer learning progress, and collaborative learning. This not only favors teachers’ effective
‘context-specific’ implementation to enhance empathy with students but also heightens
college students’ continuous utilization intention of virtual simulation software.

6. Limitations and Future Research Directions

This article establishes a framework for understanding the impact of spatial cognition
on user experience and behavioral intentions in virtual simulation software. However,
several limitations should be noted.

Firstly, the study’s participants were university students from China specializing in
digital media arts, who were aged 18 to 24, who may have higher spatial cognition abilities
due to their academic background. Future research could segment participants based on
varying levels of spatial cognition and include samples from diverse global populations to
further validate the theoretical framework.

Secondly, the virtual simulation software evaluated in this study is a low-immersion
system. User experiences may differ in high-immersion systems, particularly regarding per-
ceived ease of use and flow experience. The selected variables related to virtual simulation
experiences were not exhaustive. Future research should incorporate additional variables
such as interactivity, system features, and user enjoyment to achieve a more comprehensive
investigation. Consequently, the findings may not be generalizable across all types of
virtual simulation software. However, this study demonstrates the potential applicability
of the extended ECM in low-immersion systems, suggesting that further exploration in
high-immersion systems is warranted in future research.

Finally, spatial cognition encompasses numerous factors, while this study only in-
volved limited investigation. Subsequent research should expand to specific elements—
such as spatial perception, mental rotation, and spatial visualization—to delve into their
effects on user experience with virtual simulation software.

Author Contributions: ].Z. contributed to the conceptualization, methodology, analysis, data curation,
and writing. L.X. supervised all stages of the project and was responsible for the final editing of the
manuscript. Y.L. was responsible for the collation and analysis of data. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Youth Fund for Humanities and Social Sciences Research
from the Ministry of Education of China (Grant Number: 23YJC880058). This research was funded
by the Xi’an Science and Technology Program under the “University Personnel Service Enterprises
Project (Xi’an University Special Fund)”, (Grant number: 24GXFW0081-30).

Institutional Review Board Statement: Our study does not require further approval from the
ethics committee, as it does not involve animal or human clinical trials, nor is it unethical. In
accordance with the ethical principles outlined in the Declaration of Helsinki, all participants provided
informed consent prior to their involvement in the research. The anonymity and confidentiality of
the participants are ensured, and participation was entirely voluntary.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to the interviewees’ request for the conversation content to be kept private.



Sustainability 2024, 16, 8787 12 of 13

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References

1. Lei, C; Wu, H,; Sun, N.; Zhao, Y.; Ye, M. Application of Virtual Simulation Technology in Research Experiment Teaching and
Management. Appl. Math. Nonlinear Sci. 2024, 9, 1-22. [CrossRef]

2. Makransky, G.; Terkildsen, T.S.; Mayer, R.E. Adding immersive virtual reality to a science lab simulation causes more presence
but less learning. Learn. Instr. 2019, 60, 225-236. [CrossRef]

3. Alhalabi, W. Virtual reality systems enhance students” achievements in engineering education. Behav. Inf. Technol. 2016, 35,
919-925. [CrossRef]

4. Luo, H,; Yang, T.; Kwon, S.; Zuo, M.; Li, W.; Choi, I. Using virtual reality to identify and modify risky pedestrian behaviors
amongst Chinese children. Traffic Inj. Prev. 2020, 21, 108-113. [CrossRef]

5. Milling, A.; Murray, C. Undergraduate orthoptic students’ views of the use of Virtual Reality in teaching and learning. Dev. Acad.
Pract. 2021, 2021, 19-30. [CrossRef]

6.  Holtorf, C. Radical Constructivism: Knowledge Beyond Epistemology. Tomsk State Univ. Bull. 2009, 329, 77-80.

7. Pribyl, J.R,; Bodner, G.M. Spatial ability and its role in organic chemistry: A study of four organic courses. J. Res. Sci. Teach. 1987,
24,229-240. [CrossRef]

8. Bhattacherjee, A. Understanding information systems continuance: An expectation-confirmation model. MIS Q. 2021, 25, 351-370.
[CrossRef]

9.  Schneider, W.J.; McGrew, K.S. The Cattell-Horn-Carroll Model of Intelligence, 3rd ed.; The Guilford Press: New York, NY, USA, 2012;
pp- 99-144.

10.  Primi, R,; Ferrao, M.E.; Almeida, L.S. Fluid intelligence as a predictor of learning: A longitudinal multilevel approach applied to
math. Learn. Individ. Differ. 2010, 20, 446—451. [CrossRef]

11.  Uttal, D.H.; Meadow, N.G.; Tipton, E.; Hand, L.L.; Alden, A.R.; Warren, C.; Newcombe, N.S. The malleability of spatial skills: A
meta-analysis of training studies. Psychol. Bull. 2013, 139, 352. [CrossRef]

12.  Lin, H. Influence of design training and spatial solution strategies on spatial ability performance. Int. J. Technol. Des. Educ. 2016,
26, 123-131. [CrossRef]

13. Roth, S.K. Visualization in Science and the Arts. Science and Visual Literacy: Selected Readings from the Annual Conference of
the Inter-national Visual Literacy Association 1993. pp. 81-85. Available online: https://catalogue.nla.gov.au/catalog/5563238
(accessed on 15 September 2024).

14. Chang, Y.S. 3D-CAD effects on creative design performance of different spatial abilities students. . Comput. Assist. Learn. 2014,
30, 397-407. [CrossRef]

15. Uz-Bilgin, C.; Thompson, M. Processing presence: How users develop spatial presence through an immersive virtual reality
game. Virtual Real. 2022, 26, 649-658. [CrossRef]

16. Wirth, W,; Hartmann, T.; Bocking, S.; Vorderer, P; Klimmt, C.; Schramm, H.; Saari, T.; Laarni, J.; Ravaja, N.; Gouveia, ER,; etal. A
process model of the formation of spatial presence experiences. Media Psychol. 2007, 9, 493-525. [CrossRef]

17.  Allcoat, D.; Hatchard, T.; Azmat, F.; Stansfield, K.; Watson, D.; von Miihlenen, A. Education in the digital age: Learning experience
in virtual and mixed realities. ]. Educ. Comput. Res. 2021, 59, 795-816. [CrossRef]

18.  Mikropoulos, T.A.; Natsis, A. Educational virtual environments: A ten-year review of empirical research (1999-2009). Comput.
Educ. 2011, 56, 769-780. [CrossRef]

19. Cheng, K.H.; Tsai, C.C. A case study of immersive virtual field trips in an elementary classroom: Students’ learning experience
and teacher-student interaction behaviors. Comput. Educ. 2019, 140, 103600. [CrossRef]

20. Ahn, SJ.G.; Nowak, K.L.; Bailenson, J.N. Unintended consequences of spatial presence on learning in virtual reality. Comput.
Educ. 2022, 186, 104532. [CrossRef]

21. Hegarty, M,; Richardson, A.E.; Montello, D.R.; Lovelace, K.; Subbiah, I. Development of a self-report measure of environmental
spatial ability. Intelligence 2002, 30, 425-447. [CrossRef]

22. Dean, G.M.; Morris, P.E. The relationship between self-reports of imagery and spatial ability. Br. J. Psychol. 2003, 94, 245-273.
[CrossRef]

23. Radianti, ].; Majchrzak, T.A.; Fromm, J.; Wohlgenannt, I. A systematic review of immersive virtual reality applications for higher
education: Design elements, lessons learned, and research agenda. Comput. Educ. 2020, 147, 103778. [CrossRef]

24. Davis, B. Spatial Reasoning in the Early Years; Taylor & Francis: Oxfordshire, UK, 2015; pp. 140-141.

25. Davis, ED.; Bagozzi, R.P.; Warshaw, PR. User acceptance of computer technology: A comparison of two theoretical models.
Manag. Sci. 1989, 35, 982-1003. [CrossRef]

26. Lee, H.G.; Chung, S.; Lee, W.H. Presence in virtual golf simulators: The effects of presence on perceived enjoyment, perceived
value, and behavioral intention. N. Media Soc. 2013, 15, 930-946. [CrossRef]

27. Csikszentmihalhi, M. Finding Flow: The Psychology of Engagement with Everyday Life; Psychology Today: Hachette, UK, 2020.

28. Mahfouz, A.Y.; Joonas, K.; Opara, E.U. An overview of and factor analytic approach to flow theory in online contexts. Technol. Soc.

2020, 61, 101228. [CrossRef]


https://doi.org/10.2478/amns-2024-2337
https://doi.org/10.1016/j.learninstruc.2017.12.007
https://doi.org/10.1080/0144929X.2016.1212931
https://doi.org/10.1080/15389588.2019.1694667
https://doi.org/10.3828/dap.2021.5
https://doi.org/10.1002/tea.3660240304
https://doi.org/10.2307/3250921
https://doi.org/10.1016/j.lindif.2010.05.001
https://doi.org/10.1037/a0028446
https://doi.org/10.1007/s10798-015-9302-7
https://catalogue.nla.gov.au/catalog/5563238
https://doi.org/10.1111/jcal.12051
https://doi.org/10.1007/s10055-021-00528-z
https://doi.org/10.1080/15213260701283079
https://doi.org/10.1177/0735633120985120
https://doi.org/10.1016/j.compedu.2010.10.020
https://doi.org/10.1016/j.compedu.2019.103600
https://doi.org/10.1016/j.compedu.2022.104532
https://doi.org/10.1016/S0160-2896(02)00116-2
https://doi.org/10.1348/000712603321661912
https://doi.org/10.1016/j.compedu.2019.103778
https://doi.org/10.1287/mnsc.35.8.982
https://doi.org/10.1177/1461444812464033
https://doi.org/10.1016/j.techsoc.2020.101228

Sustainability 2024, 16, 8787 13 of 13

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Oliver, R.L. A cognitive model of the antecedents and consequences of satisfaction decisions. J. Mark. Res. 1980, 17, 460-469.
[CrossRef]

Davis, ED. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Q. 1989, 13, 319-340.
[CrossRef]

Tao, Y.H.; Cheng, C.J.; Sun, S.Y. What influences college students to continue using business simulation games? The Taiwan
experience. Comput. Educ. 2009, 53, 929-939. [CrossRef]

Nam, K,; Baker, J.; Ahmad, N.; Goo, J. Determinants of writing positive and negative electronic word-of-mouth: Empirical
evidence for two types of expectation confirmation. Decis. Support Syst. 2020, 129, 113168. [CrossRef]

Joo, YJ.; Park, S.; Shin, E.K. Students” expectation, satisfaction, and continuance intention to use digital textbooks. Comput. Hum.
Behav. 2017, 69, 83-90. [CrossRef]

Wang, T.; Lin, C.L.; Su, Y.S. Continuance intention of university students and online learning during the COVID-19 pandemic: A
modified expectation confirmation model perspective. Sustainability 2021, 13, 4586. [CrossRef]

U.S. Department of Labor. Manual for the USES General Aptitude Test Battery; Section III: Development; U.S. Government Printing
Office: Washington, DC, USA, 1970.

Guerra-Tamez, C.R.; Davila-Aguirre, M.C.; Codina, ].N.B.; Rodriguez, P.G. Analysis of the elements of the theory of flow and
perceived value and their influence in craft beer consumer loyalty. J. Int. Food Agribus. Mark. 2021, 33, 487-517. [CrossRef]

Ye, J.H.; Lee, Y.S.; He, Z. The relationship among expectancy belief, course satisfaction, learning effectiveness, and continuance
intention in online courses of vocational-technical teachers college students. Front. Psychol. 2022, 13, 904319. [CrossRef] [PubMed]
Bhattacherjee, A.; Perols, J.; Sanford, C. Information technology continuance: A theoretic extension and empirical test. |. Comput.
Inf. Syst. 2008, 49, 17-26. [CrossRef]

Buckley, J.; Seery, N.; Canty, D. A heuristic framework of spatial ability: A review and synthesis of spatial factor literature to
support its translation into STEM education. Educ. Psychol. Rev. 2018, 30, 947-972. [CrossRef]

Noble, S.M.; Saville, ].D.; Foster, L.L. VR as a choice: What drives learners’ technology acceptance? Int. J. Educ. Technol. High.
Educ. 2022, 19, 6. [CrossRef]

Mushtaque, I.; Rizwan, M.; Dasti, RK.; Ahmad, R.; Mushtaq, M. Students’ attitude and impact of online learning; role of teachers
and classmate support during the COVID-19 crisis. Perform. Improv. 2021, 60, 20-27. [CrossRef]

Long, H.B. Contradictory expectations? Achievement and satisfaction in adult learning. J. Contin. High. Educ. 1985, 33, 10-12.
[CrossRef]

Tarampi, M.R.; Heydari, N.; Hegarty, M. A tale of two types of perspective taking: Sex differences in spatial ability. Psychol. Sci.
2016, 27, 1507-1516. [CrossRef]

Maneuvrier, A.; Decker, L.M.; Ceyte, H.; Fleury, P.; Renaud, P. Presence promotes performance on a virtual spatial cognition task:
Impact of human factors on virtual reality assessment. Front. Virtual Real. 2020, 1, 571713. [CrossRef]

Yang, ].C.; Chen, S.Y. Effects of gender differences and spatial abilities within a digital pentominoes game. Comput. Educ. 2010, 55,
1220-1233. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1177/002224378001700405
https://doi.org/10.2307/249008
https://doi.org/10.1016/j.compedu.2009.05.009
https://doi.org/10.1016/j.dss.2019.113168
https://doi.org/10.1016/j.chb.2016.12.025
https://doi.org/10.3390/su13084586
https://doi.org/10.1080/08974438.2020.1823929
https://doi.org/10.3389/fpsyg.2022.904319
https://www.ncbi.nlm.nih.gov/pubmed/35800948
https://doi.org/10.1080/08874417.2008.11645302
https://doi.org/10.1007/s10648-018-9432-z
https://doi.org/10.1186/s41239-021-00310-w
https://doi.org/10.1002/pfi.21982
https://doi.org/10.1080/07377366.1985.10401035
https://doi.org/10.1177/0956797616667459
https://doi.org/10.3389/frvir.2020.571713
https://doi.org/10.1016/j.compedu.2010.05.019

	Introduction 
	Literature Review 
	The Proposed Framework 
	Nested Model of Spatial Reasoning Complexity 
	Expectation Confirmation Model 


	Research Methodology 
	Participants 
	Research Instruments 
	College Students’ Spatial Ability Scale 
	College Students’ Virtual Simulation Experimental Learning Experience Scale 


	Research Contents 
	Status Analysis 
	Model Analysis 

	Results and Discussion 
	Conclusions 
	Limitations and Future Research Directions 
	References

