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Abstract: This study examines how critical thinking skills influence the relationship among cognitive load, self-
efficacy, and problem-solving abilities in the context of immersive learning experiences and perceived academic
performance among college students in technical education programs. Emerging technologies such as augmented reality
(AR) and gamification were employed in this study to enhance student engagement and cognitive function. A
quantitative approach was employed to gather data from 748 Indonesian college students enrolled in technical education
programs. The study employed structural equation modeling (SEM) via SmartPLS 4.0 to examine direct, indirect, and
moderating effects. Digital literacy was examined as a moderating variable in the model. The results indicate that
critical thinking significantly influences the relationship between cognitive load, self-efficacy, and problem-solving
skills in facilitating meaningful learning and academic success. Problem-solving ability was the most significant
predictor of critical thinking. Notably, digital literacy exerted a negative moderating influence on the relationship
between critical thinking and immersive learning. This indicates that digital proficiency lacking cognitive regulation
may hinder engagement in deep learning. The findings underscore the significance of cultivating critical thinking
abilities within immersive and game-based learning contexts. Digital literacy programs ought to encompass more than
mere technical competencies. Students should also be instructed in applying critical thinking to their knowledge
acquisition and metacognitive processes. This research contributes to existing literature by demonstrating a novel
approach to integrating cognitive-affective factors, critical thinking, and immersive learning experiences in Indonesian
higher education. It emphasizes the significance of digital literacy and reiterates the importance of augmented reality
and game-based learning in attaining essential educational objectives.

This work is open access and licensed under the Creative Commons CC BY 4.0 License.
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Augmented Reality (AR) and Gamification on Immersive Learning Experiences and Perceived Academic Performance: Using SEM
and Network Analysis

Index Terms: Augmented Reality (AR), Gamification, Perceived Academic Performance, Immersive Learning
Experiences, Critical Thinking Skills

1. Introduction

The fourth industrial revolution and the swift digitalization of education compel colleges and universities,
particularly those offering engineering programs, to adopt a more interactive, contextual, and adaptive learning
methodology [1]. In this context, Augmented Reality (AR) and gamification are two pedagogical innovations that have
been extensively studied for their potential to improve engineering student engagement and enable the tangible
visualization of abstract technical concepts [2]. The efficacy of this technology integration is profoundly influenced by
internal student factors, such as cognitive load, self-efficacy, and problem-solving ability—these three variables are
crucial for cultivating critical thinking skills, essential for tackling technical challenges in real-world contexts [3].

Engineering students must confront challenging tasks such as engineering calculations, design simulations, and
system analysis [4]. Cognitive load is pertinent here: poorly designed augmented reality can hinder students' retention of
information, thereby impeding their comprehension of concepts [5]. In contrast, students with high self-efficacy are
typically more confident in interacting with new media and performing technically demanding tasks [6]. Problem-
solving skills, including identifying issues, devising solutions, and employing technical strategies, are fundamental
competencies that students must acquire in engineering school prior to developing critical thinking skills [7].

In engineering, critical thinking skills encompass the application of logic, systematic evaluation of technical
parameters, verification of solution efficacy, and contemplation of the design process [8]. Immersive learning
experiences refer to the degree of "immersion™ students perceive within an interactive technical learning environment
[9]. Critical thinking serves as a mediating variable linking cognitive-affective factors to two primary outcomes:
academic performance and immersive learning experience [10]. Critical thinking skills are predicated on the integration
of cognitive and affective influences, resulting in two primary outcomes: Immersive Learning EXxperiences,
characterized by deep and significant student engagement [3], and Academic Performance, evaluated through student
grades and the quality of assignments [11].

This study contributes novel insights to the field of education by simultaneously examining four aspects:
augmented reality technology, gamification elements, students' cognitive and emotional competencies, and their critical
thinking skills alongside learning outcomes [11]. Nevertheless, there is a paucity of studies employing intricate models
with multiple variables and path analysis to examine immersion and academic outcomes [10]. Moreover, few studies
utilize cognitive load as a control variable, whereas a recent study [5] demonstrated that students' cognitive load profiles
exhibit significant variability.

This study does not assert conceptual originality in the application of augmented reality, gamification, or structural
equation modeling, as these methodologies have been extensively investigated in previous research. Its contribution is
to offer an incremental and integrative validation of the structural relationships among cognitive-affective factors
(cognitive load, self-efficacy, and problem-solving skills), immersive learning experiences, and perceived academic
performance, mediated by critical thinking in augmented reality and gamification learning contexts. This study
enhances existing SEM-based analyses by integrating network analysis as a supplementary exploratory method,
facilitating the identification of indicator-level centrality patterns that emphasize critical thinking as a metacognitive
connector rather than solely an outcome variable. The findings provide exploratory insight by demonstrating a small
and negative moderating effect of digital literacy on immersive learning experiences, indicating that technical
competency devoid of reflective cognitive regulation may not promote immersion. These contributions provide a
contextually relevant and theoretically insightful viewpoint on immersive learning within Indonesian engineering
education.

This study seeks to address several significant questions: What is the impact of cognitive load, self-efficacy, and
problem-solving abilities on critical thinking skills in augmented reality and gamification-based learning environments?;
To what extent do critical thinking skills influence Immersive Learning Experiences when considering the other three
variables?; Can cognitive load, self-efficacy, or problem-solving skills lead to an immersive learning experience or high
grades without prior development of critical thinking skills? This study provides a progressive addition by including
cognitive-affective elements, critical thinking, immersive learning experiences, and perceived academic success in
augmented reality and gamification-based engineering education settings. This research integrates SEM and network
analysis to offer complementing structural and relational insights, in contrast to previous studies that mainly focus on
isolated relationships. The exploratory discovery of a negative moderating effect of digital literacy underscores the
necessity of synchronizing technology proficiency with introspective cognitive regulation.
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2. Literature Review

2.1. Cognitive Load

Cognitive Load Theory is a fundamental concept in modern instructional design, especially in relation to advanced
educational technologies such as Augmented Reality (AR) and gamification [12,13]. Cognitive Load Theory (CLT) [14]
asserts that human memory possesses a limited working capacity, and an overwhelming cognitive load can obstruct
efficient learning. Recent studies indicate that augmented reality (AR) can reduce extraneous cognitive load by
providing direct visualizations that are seamlessly integrated with real objects [5]. This mitigates the divided attention
effect, wherein learners must focus on multiple sources of information simultaneously [15].

The increasing integration of interactive technologies such as Augmented Reality (AR) and gamification in
engineering education in Indonesian higher education, comprehending cognitive load is essential for enhancing
students' critical thinking abilities [15]. Cognitive load refers to the extent of mental effort required by working memory
during the acquisition of new knowledge [16]. When extraneous load is diminished and germane load is amplified,
students exhibit an enhanced cognitive capacity to process information, evaluate solution options, and make informed
decisions—fundamental components of critical thinking [16]. Therefore, in modern technology-driven instructional
design, educators must account for content and media as well as the strategic management of students' cognitive load
[17]. This implication is highly relevant to the development of 21st-century learning models focused on acquiring
higher-order thinking skills [13].

H1: Cognitive load has a significant relationship with critical thinking skills

2.2. Self-Efficacy

Self-efficacy refers to an individual's confidence in their capacity to accomplish a task [18]. Self-efficacy is a
significant predictor of students' engagement in learning, their perseverance, and [19]. Students with elevated self-
efficacy tend to exhibit greater motivation in accomplishing challenging tasks, increased patience during setbacks, and a
more proactive approach to managing their own education [20]. Self-efficacy is increasingly significant as learning
technologies such as augmented reality and gamification gain popularity. This is due to students encountering complex
and constantly evolving learning environments [21].

In the last decade, numerous researchers have investigated the correlation between self-efficacy and critical
thinking ability [22]. Critical thinking necessitates the ability to analyze, synthesize, evaluate, and reflect, alongside a
confidence to navigate intellectual ambiguity and complex information [23]. Numerous research studies indicate that
students possessing high self-efficacy are more inclined to engage in discussions, formulate arguments, and
thoughtfully evaluate ideas, all of which are essential components of critical thinking [22]. Gamification to enhance
self-efficacy positively influenced problem-solving and reflective thinking, subsequently improving critical thinking
skills [24]. Students are more inclined to engage in learning when they possess confidence in their own capabilities [21].
This additionally aids them in developing logical, analytical, and independent thinking skills. This implication
underscores the necessity for educators to design learning interventions that not only impart knowledge but also
enhance students' self-esteem, thereby facilitating the continuous development of their critical thinking abilities.

H2: Self-efficacy shows a significant relationship with critical thinking skills

2.3. Problem-Solving Skill

Problem-solving skills are crucial for students to address academic and professional challenges in the 21st century;
this ability involves a systematic cognitive process that includes problem identification, situational analysis, the
development of alternative solutions, and the implementation and evaluation of decisions [25]. In higher education,
especially within engineering and science fields, students are required to tackle open-ended problems that do not have a
definitive solution, demanding adaptable, innovative, and rational thinking [26]. Thus, the enhancement of problem-
solving skills is the principal aim in the formulation of a competency-based curriculum [27].

The relationship between problem-solving capabilities and critical thinking skills is robust and reciprocal [28].
Critical thinking is a cognitive framework that allows students to evaluate information, compare alternatives, and make
decisions based on rational evidence, all of which are essential to problem-solving [29]. Empirical research
demonstrates that improving problem-solving skills directly promotes the advancement of critical thinking abilities,
especially in problem-based learning and technological simulations such as augmented reality [30]. Complex problem-
solving requires students to identify technical solutions while also reflecting on their cognitive processes, a crucial
element of critical thinking [28]. Furthermore, critical thinking abilities augment the effectiveness of problem-solving
techniques [26,27]. Students demonstrating advanced critical thinking abilities are typically more proficient in choosing
appropriate strategies, avoiding cognitive biases, and assessing the consequences of their choices.

H3: Problem-solving skills show a significant relationship with critical thinking skills
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2.4. Critical Thinking Skill

Critical thinking skills exhibit students' capacity to objectively assess facts and arguments, recognize assumptions,
and make reasoned decisions in higher education [31]. Critical thinking skills serve as the most reliable indicator of a
student's preparedness for academic and professional challenges as the volume and complexity of information increase
[32]. In technology-enhanced education, this competency is associated with advanced cognitive processes and the
initiation of profound learning experiences [33].

Immersive learning experiences have arisen with the advent of new educational technologies such as virtual reality
and augmented reality [34]. Students are physically and mentally engaged in realistic simulations; those who effectively
integrate new information with existing knowledge, pose reflective enquiries, and critically assess situations derive the
greatest advantages from immersive learning [35]. Critical thinking enables the assessment of immersive learning
experiences. Immersive learning environments such as engineering simulations, augmented reality laboratories, and
challenge-based educational games are complex, compelling students to engage in reflective, flexible, and empirical
thinking [36]. Critical thinking enables students to maneuver through a demanding educational landscape and converts
information into knowledge [37]. Immersive technology in higher education must be harmonized with critical thinking
methodologies. Learning is profound, beneficial, and enduring, transcending mere visual or interactive engagement. In
higher education literature, critical thinking skills are acknowledged as a crucial determinant of academic success [38].
Critical thinking demonstrates students' ability to analyze information, evaluate arguments, make data-driven decisions,
and formulate logical and rational solutions [3]. These constitute essential components of academic assignments that
necessitate more than mere memorization of facts.

2.5. Immersive Learning Experiences

Immersive Learning Experiences engage students in a digitally simulated environment that resembles the real
world. This enables them to concurrently engage all their senses, emotions, and thoughts [39]. Learning is made more
interactive and relevant with VR, AR, and simulation-based learning. Immersive learning has demonstrated
enhancements in motivation, comprehension, and memory [40]. Its advantages include facilitating students'
comprehension of abstract concepts, offering experiential learning opportunities, and promoting self-reflection.

Immersive learning is most effective with intelligent, analytical students. Critical thinkers can evaluate a situation,
recognize the issue, and discover innovative methods of learning in an immersive context [41,42]. Critical thinking
skills facilitate active learning for students in an immersive environment. Critical thinkers will more readily acquire new
knowledge, integrate it with existing understanding, and comprehend the impact of their learning decisions in
immersive environments such as augmented reality laboratories or technical simulations [43]. Critical thinking skills are
vital for experiential learning and the application of new technology in education [44]. Incorporating critical thinking
into immersive learning designs enhances the appeal and utility of technology.

H4: Critical thinking skills show a significant relationship with immersive learning experiences

2.6. Perceived Academic Performance

Perceived academic performance is the principal criterion employed to assess the success of students in higher
education; this accomplishment is generally demonstrated through the fulfilment of assignments, elevated grades, and
examination results that reflect a high degree of proficiency in the subject, practical skills, and advanced cognitive
abilities [45]. Perceived academic performance is now assessed not only by numerical metrics but also by students'
ability to understand and perform complex tasks in diverse contexts, as competency-based learning and critical thinking
gain prominence in educational institutions [46]. Consequently, in the contemporary age of digital and interactive
education, academic achievement is affected by elements beyond cognitive engagement. It is also affected by the ability
to learn autonomously and metacognitive skills [47].

Students who excel in critical thinking typically compose essays filled with compelling arguments, solve
mathematical problems methodically, and achieve superior results on performance assessments and project-based
learning [48]. Moreover, critical thinking enhances the understanding of concepts and enables the swift, autonomous,
and efficient application of knowledge in unfamiliar situations. These factors directly enhance perceived academic
performance [49]. Students can understand intricate situations, make decisions amidst uncertainty, and independently
reflect on their acquired knowledge when utilizing technology for learning, such as immersive learning and simulations
[50]. Critical thinking constitutes an invaluable competency. Consequently, a sustainable approach to improving
academic performance in higher education is the implementation of active learning strategies, formative assessments,
and problem-solving tasks to foster students' critical thinking abilities.

H5: Critical thinking skills show a significant relationship with perceived academic performance

2.7. Digital Literacy

Currently, digital literacy encompasses more than merely understanding how to utilize technology; it also
encompasses students' proficiency in utilizing digital information responsibly and critically when accessing, evaluating,
creating, and communicating with others [31]. The three primary components of digital literacy are technical, cognitive,
and socio-emotional [51,52]. All these components collaborate to facilitate students' engagement with digital learning
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environments in a deliberate and dynamic manner [53]. In the realm of immersive and interactive digital learning,
students with higher digital literacy typically exhibit greater cognitive flexibility when utilizing technology for critical
thinking and problem-solving [54].

Digital literacy is essential to proficiently utilize technology to effectively balance the demands of critical thinking
and profound learning [55]. To maximize the benefits of simulation-based learning, whether through virtual reality (VR)
or augmented reality (AR), students must possess proficient technological skills [56]. Students lacking proficiency in
digital literacy may struggle with complex digital platforms, hindering their cognitive engagement in immersive
environments, despite their strong critical thinking skills [57,58]. Conversely, students with advanced digital literacy
can independently navigate digital content, engage in profound reflection on their educational experiences, and
comprehend learning contexts in a manner that holds greater significance for them [59]. Digital literacy must be
integrated into higher education curricula to enable students to fully harness the advantages of critical thinking skills,
resulting in excellent grades and transformative learning experiences.

H6: Digital literacy has a significant moderating effect on the relationship between critical thinking skills and
immersive learning experiences

Mastering technology is crucial for enhancing the connection between critical thinking and academic success [60].
A robust correlation exists between critical thinking and students' perceived academic performance, particularly in
project-based tasks and reflective evaluations [61]. Due to the constant evolution of technology, students must learn to
utilize it to enhance their cognitive abilities [62,63]. Students possessing high digital literacy can effectively utilize
digital learning resources to formulate robust arguments, critically assess sources with appropriate scepticism, and
efficiently accomplish challenging academic tasks [64]. Consequently, digital literacy enhances the efficacy of critical
thinking in augmenting perceived academic performance, particularly in online and technology-driven education.

H7: Digital literacy has a significant moderating effect on the relationship between critical thinking skills and
perceived academic performance

3. Methodology

This study uses a quantitative approach to gather and analyze data about students in engineering education in
Indonesian higher education. Due to the large population of students, convenience sampling was used to select
participants, making the process easier but less rigorous. It is important to have an adequate sample size, as a small
sample might not represent the entire population accurately and [65]. This study utilized a convenience sampling
method to recruit participants with direct experience in augmented reality (AR) and gamification-based learning
applications. Convenience sampling was employed due to the contextual and technological specificity of the study, as
only students with prior experience in AR- and gamification-supported instructional media were qualified to offer
significant responses. Random sampling from the wider student population would likely have incorporated participants
lacking adequate experience with these technologies, thus introducing measurement noise and diminishing construct
validity. Despite the potential for selection bias, convenience sampling is frequently utilized in exploratory research and
technology-enhanced learning studies, particularly when access to specialized learning environments is limited. To
address this limitation, the study utilized a substantial sample size (n = 748), multiple institutions, and rigorous
analytical methods (PLS-SEM and network analysis) focused on identifying consistent relational patterns rather than
population estimates. The findings are thus interpreted as context-specific correlations within Indonesian engineering
education rather than universal causal relationships. This study focuses on engineering education techniques in
Indonesian higher education that utilize AR and gamification. Students who have used AR and gamification
applications were invited to complete the questionnaire. Examples of the applications used are shown in Fig. 1.

Fig. 1 shows the augmented reality and gamification applications used in this study. Augmented Reality (AR):
Each topic on passive and active components is equipped with 3D visualization using AR. Users can view 3D models of
electronic components in detail, interact with the models to understand their internal structure, how they work, and how
they are installed in real circuits. This AR feature allows students to gain a more concrete and visual understanding of
the components they are studying.

Quizzes and Gamification: To test students' understanding, this application is equipped with an interesting
gamification-based quiz feature, with various question types, such as multiple-choice and interactive questions related
to the characteristics, functions, and applications of passive and active components. Gamification in quizzes makes
learning more interesting, for example through point or time mechanisms to increase learning motivation; Basic
Electronic Component Puzzles: There are also puzzles designed based on the basic composition and function of
electronic components. Students will be asked to assemble simple electronic circuits with the right components,
providing logical and technical challenges that improve their analytical skills.

While augmented reality and gamification constitute the educational framework of this study, they were neither
experimentally altered nor compared to control conditions. The findings should not be construed as proof of causal
impacts of augmented reality or gamification on learning outcomes. The results indicate associations seen in AR- and
gamification-based learning settings, where critical thinking and cognitive-affective factors engage with immersive
learning experiences and perceived academic success. Future research utilizing experimental or quasi-experimental
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methodologies is necessary to delineate the distinct impacts of augmented reality and gamification in comparison to
traditional teaching methods.

Therefore, the decision was made to use a Likert Scale as the assessment method in this study. Each measurement
item was assigned a score ranging from 1 (strong disagreement) to 5 (strong agreement). The primary data collection
tool in this experiment was questionnaires. This study used previous primary research assessment tools. Research
variables are assessed by questionnaire. This questionnaire collects data on cognitive load, self-efficacy, problem-
solving skill, critical thinking skill, digital literacy, immersive learning experiences and perceived academic
performance.

To measure cognitive load, this study used an instrument comprising 7 items from a previous study by Buchner et
al. (2022) [15]. The items represented cognitive load, such as “I can understand the material presented in AR or
gamification applications without feeling overwhelmed” and “Tasks in AR or gamification-based learning are quite
clear and not confusing.”

Gamifikasi Soal

Fig. 1. Augmented Reality and Gamification Apps.

Furthermore, this study used an instrument to measure self-efficacy, comprising 7 items from Othman et al. (2024)
[21]. The items represented self-efficacy, such as “I am confident in operating augmented reality and gamification-
based learning devices and applications” and “I am confident in being able to complete tasks or challenges given
through AR and gamification learning applications.”

Moreover, this study used an instrument to measure problem-solving skills, comprising 7 items from Cheng et al.
(2024) [27]. The items included statements such as “I can recognize problems or challenges in AR or gamification-
based learning activities” and “I am able to understand the essence of the problems presented in digital learning
simulations or games.”

To measure critical thinking skills, this study adopted 7 items from a previous research study by Stenseth et al.
(2025) [31]. The questions represented the learner's experience, such as “being able to quickly recognize problems that
arise in AR-based learning simulations or games” and “being able to analyze the information or instructions available to
understand the challenges in learning applications.”

To measure digital literacy, this study adopted 7 items from a previous research study by Nevrelova et al. (2024)
[54]. The items represented students' digital literacy, such as “I can use augmented reality and gamification-based
applications without difficulty” and “I am able to understand and access interactive features in AR-based learning
applications or educational games.”
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To measure immersive learning experiences, this study used 7 items from a previous study by Tursunova et al.
(2024) [40]. The questions described students' feelings regarding immersive learning experiences, such as “feeling like
they are really in the world of learning when using AR or gamification-based media” and “often forgetting the time
when learning using AR or gamification applications because they really enjoy the process.”

Finally, this study utilized a 7-item instrument to measure perceived academic performance, adapted from a
previous study by Malhotra et al. (2023) [48]. Sample items included: “I found it easier to understand lesson concepts
through visualizations and simulations displayed with augmented reality technology” and “My exam scores increased
after using AR-based learning media and gamification.”

This study used SmartPLS 4, a variation-based Partial Least Squares (PLS) SEM, to analyze data and create
models. The first step was to test the measurement model's accuracy and consistency [66]. Second, convergent validity
was assessed using Average Variance Extracted (AVE) and item loadings. We also performed network analysis on this
study. Network analysis is an analytical approach used to study the structure and dynamics of relationships between
entities (nodes) connected through ties (edges) in a network system [67]. This technique allows researchers to
systematically describe, visualize, and measure complex social relationships, information, or organizational structures.
The importance of network analysis in quantitative research also lies in its ability to combine relational data with
advanced statistical analysis, such as network regression, social structure simulation, and graph-based longitudinal
analysis. Network analysis was utilized as a supplementary exploratory technique to enhance the findings of structural
equation modeling (SEM), rather than serving as an inferential or causal approach. SEM was employed to evaluate
hypothesized relationships at the construct level, whereas network analysis was utilized to illustrate and analyze
indicator-level interconnections and centrality patterns within the learning constructs. This method facilitates a more
detailed examination of how particular indicators, especially those associated with critical thinking, serve as integrative
components within the broader learning network. Consequently, network analysis is employed to enhance interpretation
and corroborate findings, without supplanting or replicating the inferential function of SEM.

4. Results and Discussion

4.1. Structural Equation Modeling (SEM) Analysis

Partial Least Squares Structural Equation Modeling (PLS-SEM) was employed for the analysis. This method is
recommended for small samples or those with an uncertain or non-normal distribution [68]. Each construct was
assessed for the quality of its measurement using Cronbach’s alpha, Composite Reliability, Standardized Item Loadings,
Average Variance Extracted (AVE), and Heterotrait-Monotrait Ratio of Correlations (HTMT).

Discriminant validity was assessed using the Heterotrait-Monotrait ratio of correlations (HTMT), as presented in
Table 1. All HTMT values among constructs were below the 0.90 threshold, signifying that each construct in the model
possesses sufficient conceptual differentiation from other constructs.

Table 1. Heterotrait-Monotrait Correlation Ratio (HTMT).

Variable AP CL CriTS DL ILE PSS SE
AP
CL 0.762
CriTS 0.763 0.880
DL 0.860 0.773 0.811
ILE 0.763 0.870 0.857 0.735
PSS 0.778 0.883 0.747 0.795 0.855
SE 0.817 0.785 0.828 0.930 0.724 0.813

According to Table 2, all Composite Reliability and Cronbach’s alpha values exceed 0.70 [68]. Table 2 shows that
the data meets the convergent validity requirements. The Average Variance Extracted (AVE) for each construct exceeds
0.50, and all factor loadings for each indicator on the relevant latent construct exceed 0.60.

Table 2. Cronbach’s Alpha, Composite Reliability, Average Variance Extracted (AVE).

Variable a CR AVE
AP 0.925 0.929 0.692
CL 0.942 0.943 0.742
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CriTS 0.941 0.942 0.740
DL 0.932 0.933 0.709
ILE 0.919 0.927 0.675
PSS 0.939 0.940 0.733
SE 0.934 0.935 0.717

In PLS-SEM, hypothesis testing is performed to assess the relationships between constructs within the structural
model. The test results are represented by the path coefficient, t-statistic, p-value, and confidence interval, derived using
the bootstrapping method. A relationship between constructs is deemed significant if the t-statistic exceeds 1.96 (two-
tailed, a = 0.05), the p-value is less than 0.05, and the confidence interval excludes zero, as recommended by Hair et al.
(2017) [68]. The path coefficient value signifies the direction and intensity of the relationship, whereas the R=2value
evaluates the model's predictive capacity concerning endogenous constructs. The test results indicate that the majority
of the hypotheses are statistically validated, demonstrating the robustness of the causal relationship in this research
model.
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Fig. 2. Hypothesis Result Path.

Fig. 2 illustrates the paths of all hypotheses designed in this study. Table 3 presents the effect sizes of each
accepted hypothesis, with calculations based on the guidelines provided by Hair et al. (2017) [68]. Among the proposed
hypotheses, one hypothesis related to the moderating variable was rejected.

Table 3. Hypothesis result.

Hypothesis p t p Results
H1:CL -> CriTS 0.225 5.244 0.000 Accepted
H2: SE -> CriTS 0.178 4,770 0.000 Accepted
H3: PSS -> CriTS 0.568 12.093 0.000 Accepted
H4: CriTS -> ILE 0.658 17.110 0.000 Accepted
H5: CriTS -> AP 0.252 5.074 0.000 Accepted

H6: DL X CriTS -> ILE -0.035 1.995 0.046 Accepted
H7: DL x CriTS -> AP 0.023 0.948 0.343 Rejected

Hypothesis 1 posits that cognitive load has a positive and significant influence on critical thinking skills. These
results support previous literature [15,16]. This evidence indicates that germane cognitive load, a mental burden that
facilitates the construction and automation of knowledge schemas, enhances the acquisition of higher-order thinking
skills. Cognitively challenged students who engage with significant content tend to be more proactive in establishing
connections between concepts, assessing information, and making fact-based decisions. Students enhance their skills in
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argumentation, evidence evaluation, and logical reasoning through tasks that incorporate well-structured cognitive
components. These are essential competencies for critical thinking. A more succinct expression is that optimally
calibrated and meticulously structured cognitive load facilitates repeated practice of critical thinking among students in
educational settings. Hypothesis 2 suggests that self-efficacy has a positive and significant influence on critical thinking
skills. This result supports previous literature [21,24]. The results indicate that self-efficacy exerts a positive and
significant influence on the critical thinking skills of college students. This holds significant strategic ramifications for
the formulation of learning policies and practices in universities. Self-efficacy refers to an individual's conviction in
their capacity to accomplish a task or attain a specific objective. It is associated with learning motivation and establishes
a cognitive and emotional foundation for critical and reflective thinking. Students with high self-efficacy are more
inclined to engage in deep cognitive activities, undertake intellectual risks, and make decisions in uncertain situations.
All of these constitute essential competencies for critical thinking.

Hypothesis 3 posits that problem-solving skills have a positive and significant influence on critical thinking skills.
This result is in line with previous research [27,28]. This finding demonstrates that problem-solving skills significantly
affect critical thinking skills in Indonesian higher education, thereby improving the understanding of how essential
cognitive skills can promote the development of higher-order thinking. Problem-solving skills involve students' abilities
to identify issues, analyze root causes, devise alternative solutions, and critically evaluate results. This process directly
involves essential elements of critical thinking, such as logical analysis, argument assessment, and evidence-based
decision-making. Problem-solving skills are essential not only for academic and professional contexts but also
significantly influence students' development of critical thinking abilities. The educational implications of these
findings are highly relevant for curriculum developers and educators in Indonesian engineering programs. Critical
thinking cannot be passively acquired through simple exposure to information; it must be actively fostered through
engagement in challenging and contextually pertinent problem-solving tasks.

Hypothesis 4 posits that critical thinking skills have a positive and significant influence on immersive learning
experiences. This result is in line with previous literature [31, 40]. These results indicate that critical thinking skills
positively and significantly influence immersive learning experiences among college students. This reinforces the
notion that advanced cognitive skills are crucial for maximizing the benefits of immersive technology-driven education.
Critical thinking entails the logical and reflective analysis, evaluation, and synthesis of disparate information. These
skills are essential for navigating complex and non-linear learning experiences, such as those encountered in immersive
learning environments. Students proficient in critical thinking typically excel at navigating interactive digital content,
engaging in independent exploration, and comprehending simulations or augmented reality (AR). This enhances
learning by making it more comprehensive, pertinent, and intellectually significant. These findings have significant
implications for the development of immersive learning designs in engineering education in Indonesian higher
education. Contemporary technologies such as virtual reality, augmented reality, and simulation-based learning serve
not merely as visual aids, but also as methodologies that necessitate active perceived cognitive engagement from
students. Moreover, Hypothesis 5 posits that critical thinking skills have a positive and significant influence on
academic performance. This result is in line with previous studies [48,50]. This finding illustrates the considerable and
beneficial effect of critical thinking skills on the perceived academic performance of students in Indonesian engineering
education, significantly contributing to the existing pedagogical discourse. A key indicator of cognitive literacy is
critical thinking, which involves the ability to logically synthesize, evaluate, and analyze information. Students with
advanced critical thinking skills are more adept at comprehending material thoroughly, assessing complex arguments,
and executing academic tasks through a reflective and evidence-based methodology. This positions critical thinking as
not merely an ancillary skill, but as the foremost determinant of outstanding academic achievement. This relationship
has considerable ramifications for the instructional design and assessment methodologies in engineering education in
Indonesian higher education. Studies have shown that educational settings that promote critical thinking significantly
improve students' perceived academic performance, both in terms of quantity and quality.

Hypothesis 6 posits that the moderating effect of digital literacy on the relationship between critical thinking skills
and immersive learning experiences is negative and significant. The results of this study extend previous research
[16,60]. Digital literacy was found to significantly and negatively moderate the relationship between critical thinking
skills and immersive learning experiences. The study indicates a weak although statistically significant negative
moderating effect of digital literacy on the connection between critical thinking skills and immersive learning
experiences. A potential reason is that students possessing greater digital literacy may prioritize technical exploration of
digital capabilities over introspective cognitive engagement, thereby augmenting superfluous cognitive activity and
diminishing the role of critical thinking in perceived immersion. Alternatively, this result may reflect measurement
limitations, as digital literacy in this study primarily captures functional technological competence rather than strategic
or metacognitive technology use. Consequently, the finding indicates that digital literacy is not harmful; rather,
technological proficiency alone may be inadequate to enhance immersive learning without intentional cognitive
regulation.

This transforms the utilization of technology in engineering education in Indonesian higher education. In this
scenario, enhanced digital literacy may render critical thinking skills less effective in engaging individuals with virtual
reality, augmented reality, or interactive simulation-based learning. A theory posits that students proficient in
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technology prioritize the technical and exploratory aspects of media learning over the profound cognitive processes
essential for transformative immersive experiences. In other words, superficial digital skills serve more as a cognitive
distraction than as instruments for critical reflection. This discovery has yielded significant insights, particularly
regarding the advancement of high-tech education in higher learning institutions. Educators and curriculum developers
cannot presume that students proficient in technology will inherently exhibit greater interest in learning. Conversely,
employing technology without a defined framework for critical thinking may result in extrinsic cognitive load, thereby
impeding students' ability to reflect on their thought processes. Consequently, it is essential to ensure that digital literacy
skills encompass not only technical competencies but also the cultivation of epistemological awareness, reflective
thinking, and the capacity for critical evaluation of the ethics surrounding digital information utilized in immersive
learning programs.

Moreover, Hypothesis 7 posits that the moderating effect of digital literacy on the relationship between critical
thinking skills and academic performance is positive but insignificant. This result contrasts with several previous
studies [48,54,62]. The study's findings suggest that digital literacy affects the positive but negligible relationship
between critical thinking skills and academic achievement. This illustrates the challenges of utilizing technology in
higher education, especially in Indonesia. Critical thinking skills enable students to objectively analyze information,
construct logical arguments, and make sound academic decisions from a psychological perspective. It is often assumed
that acquiring technological skills can enhance proficiency in these areas. This result indicates that the correlation
between digital literacy and moderation is positive, yet insufficiently robust to significantly influence the extent to
which critical thinking contributes to students' academic success. Acquiring digital skills does not necessarily alter
students' perceptions of their learning outcomes. To comprehend the implications of this finding, one must understand
the current functioning of higher education. Students may possess proficiency in digital technology and have access to it;
however, this does not necessarily imply that they can effectively apply these skills in academic tasks that necessitate
critical thinking, such as composing scientific papers, resolving complex problems, or analyzing data. Declarative
digital literacy pertains to technical competencies, whereas strategic digital literacy encompasses the capacity to utilize
technology for advanced cognitive processes. A more comprehensive pedagogical approach is necessary to strengthen
the relationship between critical thinking and academic achievement while emphasizing the importance of digital
literacy to promote digital-based higher-order thinking skills.

Table 4. Intervening effect.

Moderate B t p
CL ->CriTS -> AP 0.057 3.822 0.000
CL ->CriTS -> ILE 0.148 4.833 0.000
PSS -> CriTS -> AP 0.143 4.859 0.000
PSS -> CriTS -> ILE 0.374 9.123 0.000
SE -> CriTS -> AP 0.045 3.006 0.003
SE -> CriTS -> ILE 0.117 5.020 0.000

The data analysis revealed that the intervening variable, critical thinking skills, significantly mediates the
relationships among the hypotheses in this study, as shown in Table 4. First, regarding the relationship between
cognitive load and perceived academic performance, it was found that critical thinking skills have a positive and
significant mediating influence. Similar results were observed for the mediation of critical thinking skills on the
relationship between cognitive load and immersive learning experiences. This study demonstrates that critical thinking
skills positively and significantly mediate the relationship between cognitive load and perceived academic performance.
This is essential for higher education strategies. This approach offers numerous educational advantages. Students
require intellectually stimulating material and collaboration to transform that challenge into a reflective and strategic
endeavor. Critical thinking serves as a conduit between cognitive abilities and academic achievement, enabling
educational settings to evaluate content knowledge as well as analytical and adaptive skills. A substantial and
meaningful correlation exists between cognitive load, immersive learning experiences, and high school students' critical
thinking abilities, which carries significant theoretical and practical ramifications for technology-enhanced education.
This theory demonstrates that cognitive load is not merely a burden but also a cognitive process that can influence
learning, particularly when impeded by insufficient resources. Students require robust organizational skills to
comprehend intricate information in immersive learning, which is frequently non-linear and multimodal. Cognitive
engagement can facilitate involvement even if critical thinking is initially absent. Nonetheless, cognitive load enhances
student interest, concentration, and motivation when engaging in challenging critical thinking tasks. This media study is
essential for elucidating how cognitive theory-informed instructional design facilitates comprehensive learning.

Second, regarding the relationship between problem-solving skills and perceived academic performance, it was
found that critical thinking skills have a positive and significant mediating influence. Similar results were observed for
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the mediation of critical thinking skills on the relationship between problem-solving skills and immersive learning
experiences. Critical thinking skills significantly and positively mediate the association between problem-solving skills
and perceived academic performance in college. Critical thinking serves as a strategic connection between practical
skills and academic achievement. This mediating relationship indicates that enhancing problem-solving skills without
concurrently advancing critical thinking may diminish academic performance, carrying significant implications for
curriculum developers and educators. Students capable of resolving technical issues yet lacking critical thinking skills
may complete their tasks, but they will be unable to elucidate, generalize, or apply their acquired knowledge. Students
who integrate both skills exhibit superior performance and enhanced critical thinking. Students who engage in critical
problem-solving outperform those who respond reactively in academic settings. This study demonstrates that critical
thinking skills connect practical skills to profound learning engagement in engineering education in Indonesian higher
education. They effectively and substantially mediate the connection between immersive learning and problem-solving
abilities. These findings underscore the significance of concurrently instructing students in problem-solving and critical
thinking. This will enhance their engagement with virtual reality, augmented reality, and interactive simulation-based
education. Students who focus solely on technical problem-solving, without engaging in critical thinking, exhibit only a
moderate interest in digital content. Students who integrate problem-solving with critical reflection will achieve deeper
learning. This is due to their ability to complete tasks, comprehend context, evaluate impact, and derive personal
significance from learning.

Finally, regarding the relationship between self-efficacy and perceived academic performance, it was found that
critical thinking skills have a positive and significant mediating influence. Similar results were observed for the
mediation of critical thinking skills on the relationship between self-efficacy and immersive learning experiences. The
research indicated that critical thinking skills significantly and positively mediate the relationship between self-efficacy
and perceived academic performance among college students. This fosters critical thinking as a cognitive route to self-
efficacy and academic achievement. Mediation significantly enhances cognitive development in students. Motivated
and determined students who possess self-efficacy may acquire only essential knowledge if they lack critical thinking
skills. Students develop confidence and the capacity to assess information, make informed academic decisions, and
appraise their learning process through critical thinking and the cultivation of self-efficacy. Self-efficacy and critical
thinking facilitate student success in higher education, particularly in research and problem-solving disciplines. Critical
thinking skills substantially and positively mediate the self-efficacy of college students and their immersive learning
experiences. This illustrates the necessity of integrating cognitive and affective learning for profound engagement. The
findings indicate that merely enhancing self-efficacy is insufficient for fostering an immersive learning experience,
which encompasses emotional engagement, perceiving content as authentic, and establishing connections with the
material being studied. Students must develop critical thinking skills to assess digital information, identify issues, and
comprehend interactive technology thoroughly. Critical thinking enhances students' self-efficacy and advanced
cognitive strategies, enabling them to optimize the immersive learning environment, retain knowledge, and perceive
learning as more significant.

4.2. Network Analysis

In network analysis, it is crucial to consider the characteristics of edges, which illustrate the connections between
nodes. It is essential to comprehend these edge properties [69], as they reflect the strength of connections between
nodes in the network analysis. The value or weight of an edge is crucial as it indicates the strength or intensity of the
relationship. Additionally, edges may occasionally indicate the direction of power or information flow between nodes.
The nature of the relationship indicated the strength of association between the educational constructs in the network.
The analysis characterized the network's structure and dynamics based on edge characteristics. Fig. 3 illustrated the
network at the domain level.
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Fig. 3. Network Analysis Relationship.

The examined domain-level network comprised 49 nodes (representing entities or variables) and 363 non-zero
edges (representing connections between nodes), as shown in Fig. 3. This structure indicates that the distinct entities
were interconnected in various manners. The network primarily concentrated on the complexity of the relationships.
This facilitated a more detailed examination of the domain-level network, essential for comprehending the interplay of
these factors. It was deduced that the constructs CL, SE, PSS, CritTS, ILE, AP, and DL were represented by multiple
nodes (indicators) within their respective categories.

Table 5. Centrality research variables relationship network

Network
Variable Betweenness Closeness Strength Expected influence
AP1 -0.341 -1.473 -2.521 -2.729
AP2 -0.791 -1.264 -0.974 -0.701
AP3 -0.397 -1.025 0.512 0.410
AP4 0.391 -1.041 0.456 0.536
AP5 0.110 -0.932 2.129 1.967
AP6 -0.537 -0.801 0.193 0.311
AP7 0.082 -0.496 -1.506 -1.142
ILE1 0.588 0.335 1.325 1.211
ILE2 -0.847 -0.813 -2.739 -3.788
ILE3 -0.341 -0.338 -0.132 -0.140
ILE4 -0.031 0.057 0.137 0.240
ILE5 0.504 0.376 0.426 0.511
ILE6 -0.734 -0.927 -0.675 -0.431
ILE7 -1.072 -1.303 -0.396 -0.193
DL1 -1.100 -1.293 -1.195 -1.001
DL2 -0.481 -0.738 0.942 0.832
DL3 0.166 -0.351 0.594 0.187
DL4 1.179 0.686 0.898 0.342
DL5 0.250 -0.016 0.629 0.684
DL6 -0.200 -0.373 -0.815 -0.551
DL7 3.177 2.163 -1.044 -0.747
CriTS1 0.053 1.916 -1.267 -0.938
CriTS2 4.668 3.296 1.780 1.669
CriTS3 -0.678 -0.008 -0.282 -0.095
CriTS4 0.194 1.161 -0.162 0.008
CriTS5 -0.059 1.059 0.425 0.509
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Network

Variable Betweenness Closeness Strength Expected influence

CriTS6 -0.115 0.776 0.372 0.464

CriTS7 0.166 0.388 0.373 -0.183
CL1 0.138 0991 -8.272x10™ 0.145
CL2 0.954 1.153 1.162 1.140
CL3 0.588 0.982 0.046 -0.008
CL4 -0.172 0.773 0.931 0.943
CL5 1.235 0.965 0.320 0.420
CL6 0.222 0.754 0.422 0.507
CL7 -0.706 0.174 -1.234 -1.602
SE1 -0.960 -0.851 -0.099 0.061
SE2 -0.819 -0.566 0.606 0.624
SE3 0.053 -0.405 0.940 0.950
SE4 -0.059 -0.304 1.208 0.445
SE5 -0.960 -1.165 -1.563 -1.385
SE6 -0.397 0.238 -0.702 -0.455
SE7 -0.341 0.083 0.631 0.079
PSS1 0.082 0.517 0.257 0.366
PSS2 -0.425 0.267 -0.458 -0.245
PSS3 0.194 -0.036 0.770 0.805
PSS4 -0.425 0.125 -0.088 0.071
PSS5 -0.369 -0.405 0.138 0.265
PSS6 -0.622 -1.003 0.346 0.442
PSS7 -1.016 -1.309 -1.115 -0.808

In network analysis, "node characteristics” refer to the various traits or attributes possessed by nodes within a
network [70]. Centrality measures (betweenness, closeness, and degree), distances between nodes, and interconnections
were key metrics used to elucidate the function of each node in the analysis. Node attributes encompassed details
regarding node connectivity, including the functions of each node and the quantity of direct links between them.
Examining the attributes of each node was crucial to understanding their functions, interactions, and the overall
structure of the network. Researchers leveraged this information to interpret the network structure [71]. Table 5 presents
the study variables for betweenness, closeness, degree, and influence within the domain-level network.

The results of the network analysis in this study illustrate the significance of interconnected concepts in the
learning processes of college students, particularly in digital and technology-driven environments. The system
comprises 49 nodes and 363 active edges. This network has a limited number of nodes, indicating that the indicators are
interconnected in a robust and beneficial manner. The Critical Thinking Skill (CritTS) variable, particularly the CritTS2
indicator, is pivotal within the network, as evidenced by the analysis of metric centrality and expected influence.
CritTS2 serves as the primary node linking students' internal ability domains (such as cognitive load, problem-solving
skills, and self-efficacy) to learning outcomes (such as perceived academic performance and immersive learning
experiences). The betweenness, closeness, and expected influence values were 4.668, 3.296, and 1.669, respectively.
These findings indicate that critical thinking transcends being merely an isolated cognitive ability. It serves as a
metacognitive catalyst that enhances fundamental cognitive abilities, leading to greater learning engagement and
perceived academic achievement.

Additionally, certain nodes within the cognitive load domain, such as CL2 and CL5, as well as specific nodes in
the immersive learning domain, including ILE1 and ILE5, exhibited elevated values for closeness centrality and
strength. This indicates that students' perceptions of cognitive load and their level of engagement in immersive learning
environments significantly influence the coherence of the conceptual network. Conversely, elevated digital literacy
(particularly DL7) demonstrated increased betweenness and closeness metrics. Nonetheless, the negative expected
influence indicated that elevated digital literacy does not invariably enhance cognitive engagement in the absence of
sufficient critical thinking abilities. The findings endorse the notion that students ought to acquire digital literacy and
critical thinking concurrently to enhance their learning and perceived academic achievement.

The outcomes of this network analysis significantly influence the planning and delivery of engineering education
in Indonesia. The primary objective should be to enhance critical thinking, which connects fundamental skills to
educational outcomes. Challenge-based learning should be employed to enhance problem-solving abilities and manage
cognitive load. This facilitates deeper cognitive engagement among students while minimizing the strain on their
working memory. Third, digital literacy should encompass more than merely the ability to utilize technology. It should
also encompass instruments for critical thinking and reflection. When colleges and universities integrate these three
elements within an immersive digital learning environment, they can create a more effective, flexible learning
ecosystem that enhances student quality over time. This study's network analysis functions at the indicator level, with
potential multicollinearity and measurement overlap among indicators evaluated and mitigated within the SEM
framework via convergent and discriminant validity assessments, including AVE, composite reliability, and HTMT.
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Network analysis was subsequently utilized as an exploratory visualization instrument to investigate relative centrality
and connectivity patterns among indicators, rather than to reassess measurement validity. The relationships at the
indicator level identified in the network should be interpreted descriptively and in conjunction with the SEM results,
recognizing that some conceptual overlap among indicators may persist in self-reported Likert-scale measures.

5. Conclusion

This study demonstrates that critical thinking skills significantly link students' internal attributes, such as cognitive
load, self-efficacy, and problem-solving abilities, to their academic achievement and immersive learning experiences in
engineering education in Indonesian higher education. The incorporation of augmented reality (AR) and game-based
learning in engineering courses enhances classroom engagement and intellectual stimulation. In these circumstances,
the findings indicate that each cognitive and emotional factor significantly and positively influences the advancement of
critical thinking. The results indicate that critical thinking improves the depth of learning and perceived academic
performance by facilitating students' ability to analyze, evaluate, and contemplate complex digital content and
immersive scenarios. This study contributes to existing literature by employing a multilayered structural model that
integrates cognitive psychology and instructional technology.

While the findings provide valuable pedagogical insights, they must be interpreted cautiously due to the
correlational design, dependence on self-reported measures, and lack of longitudinal or experimental validation. The
findings of this study are consequently restricted to guiding instructional design rather than influencing educational
policy or extensive curricular reform. The results indicate that combining immersive learning technologies with
organized opportunities for critical thinking and reflective engagement may improve students' perceived learning
experiences in engineering education. Nevertheless, comprehensive educational or policy recommendations necessitate
additional validation via experimental, longitudinal, or multi-context studies.

Despite the significance of the results, this study has several limitations. The study employed a cross-sectional
design with convenience sampling of Indonesian engineering students, which may limit the generalizability of the
findings to other academic disciplines or contexts. Furthermore, the finding that digital literacy exerts moderating
effects—potentially hindering immersive learning in certain contexts—suggests that digital competence alone may be
insufficient without adequate pedagogical support. Furthermore, dependence on self-reported data may introduce
response biases, necessitating the use of longitudinal or experimental designs in future research. Future research should
employ longitudinal methods to investigate the evolution of critical thinking skills in immersive and game-based
environments. Experiments may elucidate the mechanisms underlying phenomena, particularly regarding digital literacy
as both a cognitive asset and a potential impediment. Moreover, employing qualitative methodologies such as think-
aloud protocols or in-depth interviews in conjunction with AR-based learning systems may enhance researchers'
understanding of students' cognitive processes and learning behaviors. Finally, incorporating participants from
disciplines beyond engineering would facilitate the testing of the proposed model across a broader spectrum of
academic fields.
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