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Abstract

Al use is associated with both cognitive relief and cognitive offloading, leading to uncer-
tainty in how users make value judgments and decisions. This study focuses on in-class
Al use and explores the perceptions of cognitive relief and cognitive offloading among
university students, as well as the distinct mediating mechanisms through which these
factors shape the attitudes of students. Based on questionnaire data from 287 respondents,
structural equation modeling and bootstrap methods were employed to test the research
hypotheses. The results show that cognitive relief exerts a complementary mediating effect
between Al use and attitudes, whereas cognitive offloading functions as a competitive
mediator. The two mechanisms produce opposing effects on students, with cognitive relief
demonstrating a stronger overall mediating effect. These findings suggest that educa-
tors should guide students toward a more nuanced understanding of Al use to mitigate
confusion and its potential negative psychological consequences. Moreover, educators
and institutions should leverage Al to provide cognitive relief for higher-order learning
activities, thereby enhancing the engagement, motivation, and deeper learning processes
of students, while simultaneously implementing reflective and critical thinking practices to
guard against the risks of cognitive offloading. This study is limited by its single-institution
convenience sample and reliance on self-reported data; future research incorporating qual-
itative methods such as interviews and classroom observations is encouraged to further
validate and extend these findings.

Keywords: cognitive relief; cognitive offloading; competitive mediation; complementary
mediation; generative artificial intelligence

1. Introduction

The rapid rise in generative artificial intelligence (Al) is reshaping teaching and
learning in higher education. Tools such as ChatGPT have rapidly permeated academic
writing and problem-solving practices, emerging as increasingly popular learning aids
among university students (Baek et al., 2024; Guo et al., 2025).

However, Al use exerts a dual impact on learning and cognition, reflecting a tension
between cognitive relief and cognitive offloading (Chirayath et al., 2025; Shalu et al., 2025).
As an external cognitive tool, Al can alleviate the cognitive loads of users; yet, excessive
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reliance on it may deteriorate cognitive abilities (Dergaa et al., 2024). Prior research similarly
suggests that while AI can enhance learning efficiency and optimize personal learning
processes, it may also weaken core cognitive skills such as critical thinking, problem
solving, and long-term memory by excessively replacing active thinking (Jose et al., 2025a).
Consistent with this duality, students often regard Al as both an indispensable tool for
enhancing efficiency in writing, learning, and research and a potential threat to learning
autonomy and deep knowledge construction (Khalil et al., 2025).

These tensions place users in a dilemma: on the one hand, avoiding Al may reduce
efficiency, technological opportunities, and competitiveness; on the other hand, over-
reliance may introduce risks such as cognitive deterioration and cognitive debt (Dergaa
et al.,, 2024; Kosmyna et al., 2025; Miranda et al., 2025). Existing studies have recognized the
dual nature of Al usage, yet they have paid little attention to how this duality shapes users’
attitudes and is reflected in their contradictory experiences. A key point of contention
concerns whether Al use leads to cognitive relief or cognitive offloading. This study focuses
on these two contrasting mechanisms to examine how they impact attitude formation.

The central tension driving this research lies in the inherently contradictory nature of
Al use in higher education: the same tools that promise cognitive relief may simultaneously
induce cognitive offloading. On the one hand, cognitive relief refers to the technical support
and optimization of thinking processes provided by Al, enabling humans to handle complex
tasks more efficiently and to allocate mental resources to creation and decision making
(Becker et al., 2025; Haider et al., 2024; Shalu et al., 2025). On the other hand, cognitive
offloading is associated with risks such as the deterioration of inherent cognitive abilities
and weakened critical thinking arising from excessive reliance on external tools (Gerlich,
2025a, 2025b; Malik et al., 2023; Oakley et al., 2025). Rather than treating Al as either
uniformly beneficial or detrimental, this study argues that the interplay between these
two mechanisms (efficiency versus risk) forms the core paradox that shapes the attitudes
of users toward Al in educational contexts.

Beyond the direct effects of Al use on cognitive processing, prior research has identified
the following critical psychological constructs that shape how individuals interact with Al
systems: (1) Al literacy: Higher levels of Al literacy have been associated with more realistic
expectations of Al capabilities and reduced technostress (Rozman et al., 2025). (2) Trust in
ALl Trust in Al has been shown to influence the willingness to delegate tasks to Al and to
accept Al-generated recommendations (Gerlich, 2025a). (3) Digital self-efficacy: Improving
the digital self-efficacy of learners helps enhance their interactive experience and serves
as a key psychological mechanism linking digital literacy and Al interaction perception
(Ren et al., 2025). (4) Academic stress: As a key external situational factor, academic
stress fuels reliance on Al among college students and induces cognitive offloading and
motivation decline via the use of Al as a coping strategy (Miranda et al., 2025). From a
methodological standpoint, existing studies have been predominantly survey-based, and
qualitative research remains underrepresented.

This study constructs a model of attitude formation toward in-class Al use among uni-
versity students and examines their perceptions of cognitive relief and cognitive offloading,
as well as the different mediating roles of these contrasting mechanisms in shaping their
attitudes toward Al usage in classroom contexts. This study yields two key contributions.
First, theoretically, this study advances understanding of Al use by empirically validating a
dual-path model of attitude formation, thereby establishing the contradictory relationship
between cognitive relief and cognitive offloading as a core driver of user attitudes. Second,
empirically, it presents quantitative data documenting the simultaneous coexistence of cog-
nitive relief and cognitive offloading in Al learning scenarios. This study integrates these
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two-dimensional variables in a unified analytical framework, addressing the limitation of
prior research that has only examined the two mechanisms independently.

2. Hypotheses and Research Model
2.1. Research Model

This study develops a model of attitude formation toward Al use based on existing
theories (Figure 1). In the context of Al use, users may delegate part or all of their cognitive
activities to external Al tools, a process referred to as cognitive outsourcing (used as a
neutral term herein) (Zhang et al., 2025; Jose et al., 2025b).

_|_
Cognitive Relief

Al Usage

(Cognitive Outsoureing)

Attitude

Cognitive Offloading

Figure 1. Research model diagram.

Based on Cognitive Load Theory (Sweller, 1988), Al can significantly reduce ex-
traneous cognitive load (e.g., information searching, format processing) by processing
information efficiently and providing explanations and examples. This enables users to
allocate greater cognitive resources to germane load associated with deeper thinking and
schema construction and thereby providing cognitive relief (used as a positive term herein)
(Chirayath et al., 2025; Khalil et al., 2025; Rafner et al., 2023; Wang et al., 2025).

Meanwhile, Al use may also lead to cognitive offloading (used as a negative term
herein). When users entrust core cognitive tasks such as analysis, memory, and reasoning
to Al rely on it to generate answers, and replace it for their own cognitive processes, they
may reduce their engagement in independent cognitive processing, a phenomenon referred
to as cognitive offloading (Zhai et al., 2024).

Cognitive relief generally refers to the subjective, affective-perceptual sense of reduced
psychological burden experienced by an individual—that is, the feeling of the alleviation
of cognitive demand. In contrast, cognitive offloading refers to the behavioral process of
delegating cognitive tasks to external tools or resources and is often conceptualized as an
adaptive strategy for managing limited cognitive resources (Cavicchi et al., 2025). Although
the two are related (cognitive offloading can lead to cognitive relief), they are not the same
construct. Whether cognitive offloading is beneficial or detrimental depends on the specific
usage context and task demands, as well as individual differences.

The conceptualization of cognitive offloading remains ambiguous, and the pos-
sibilities of it being viewed as either a negative or a positive phenomenon coexist.
Risko and Gilbert (2016) define cognitive offloading as the replacement of internal cog-
nitive processing with external physical operations to alleviate cognitive strain. They also
note that cognitive offloading presents dual effects, encompassing both positive and nega-
tive facets. Cognitive offloading refers to transferring cognitive functions such as memory
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and computation to external tools, and its downsides have increasingly become a focal point
of academic debate, as it has been re-examined particularly in the artificial intelligence era as
a critical issue that is associated with cognitive degradation risks. Risko and Gilbert (2016)
imply the negative dimension of cognitive offloading in their discussion: improved ex-
ternal efficiency is achieved at the cost of internal cognitive capabilities. This indicates
that cognitive offloading is not an unconditional cognitive optimization strategy, and that
its effectiveness hinges on the solid cognitive foundations of individuals, as reasonable
cognitive offloading can only exert its instrumental value when individuals possess sound
internal cognitive abilities. Grinschgl et al. (2021) found that a higher degree of cognitive
offloading correlated with a faster and better performance in immediate tasks but led to the
significantly poorer retention of offloaded information in subsequent memory tests. This
empirical finding reveals a trade-off between short-term efficiency and long-term memory
that is associated with cognitive offloading. Jose et al. (2025b) have further proposed the
concept of disruptive offloading to describe the potential adverse impacts of cognitive
offloading on memory, metacognition, attention, and learner autonomy. Given that a
growing body of studies conceptualizes cognitive offloading as a risk-laden construct (e.g.,
Miranda et al., 2025; Gerlich, 2025b), in this study, we treat it as a negative construct and
adopt items measuring the perceived negative consequences of Al use to operationalize it.

Cognitive relief and attitude are two theoretically distinct constructs. Cognitive relief
refers to the perceived reduction in cognitive burden in Al-assisted learning, while attitude
represents an individual’s evaluative judgment regarding the Al use. Specifically, cognitive
relief addresses whether Al lessens the mental effort in learning activities, whereas attitude
concerns whether students perceive Al use as beneficial, appropriate, or favorable. A
student may experience cognitive relief (e.g., finding Al helpful for solving a problem)
without necessarily holding a positive attitude toward Al use in general, and vice versa.

In this model, cognitive relief and cognitive offloading occur simultaneously during
Al use. Cognitive outsourcing may lead to either outcome depending on an individual’s
cognitive regulation. Accordingly, the attitudes of users toward Al use are shaped not by a
single mechanism but by the dynamic interaction and trade-off between these two cognitive
processes in specific usage scenarios.

Why cognitive relief leads to more favorable attitudes toward Al Cognitive relief
refers to the immediate, subjective reduction in perceived mental workload achieved
through the use of an external tool—in this case, Al. When users experience cognitive
relief, they associate Al with positive outcomes, such as reduced effort, time savings,
and lower mental strain. Drawing on affect-as-information theory (Schwarz, 2012) and
reinforcement learning principles, the positive affective experience accompanying cognitive
relief serves as a reward signal. Consequently, users develop more favorable attitudes
toward Al because it is repeatedly paired with a subjectively beneficial state (i.e., relief).
In other words, cognitive relief acts as a positive reinforcer that shapes attitudes through
experiential learning.

Why cognitive offloading leads to less favorable attitudes toward Al In contrast,
cognitive offloading may lead to less favorable attitudes toward Al through two interre-
lated mechanisms: First, the metacognitive awareness of under-engagement plays a key
role. Users may experience a lack of personal cognitive investment when they engage in
cognitive offloading via Al (e.g., accepting Al-generated answers without critical thinking)
and, over time, may become aware that they are not fully understanding, retaining, or veri-
fying information, triggering a sense of cognitive incompleteness or epistemic uncertainty.
Second, attribution and negative attitude formation further reinforces this effect. According
to self-perception theory (Bem, 1972) and cognitive dissonance theory (Festinger, 1957),
if a user repeatedly observes themselves relying on Al in a way that bypasses their own
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reasoning, then they may infer that their own competence is being undermined, or that Al
is unacceptably “taking over”, leading to a less favorable attitude toward Al—not because
of Al failure but because the user’s own sense of agency and mastery is threatened.

Thus, the negative effect of cognitive offloading on attitudes is theoretically distinct
from the positive effect of cognitive relief: the former involves the risk of self-perceived
cognitive passivity, while the latter involves the reward of immediate ease.

We introduce a dual-process theory (Kahneman, 2011) to further clarify this distinction:
cognitive relief operates through the fast, affective, experiential system (System 1), while
cognitive offloading implicates the metacognitive monitoring of one’s own cognitive effort
(System 2). According to this theoretical framing, we propose that the same Al application
can generate both positive and negative attitude components, depending on whether the
user focuses on the relief itself or on the loss of personal cognitive investment.

2.2. Al Usage and Cognitive Relief

According to the Cognitive Load Theory (Sweller, 1988) and Extended Mind Theory
(Clark & Chalmers, 1998), Al, as an external cognitive tool, can transfer part of users’
cognitive tasks to external systems, thereby reducing their working memory demands and
providing cognitive relief (Becker et al., 2025; Sana & Dissanayake, 2025; Shalu et al., 2025).
Al is particularly effective at handling repetitive, structured, and low-level cognitive tasks
(Dergaa et al., 2024; Haider et al., 2024), and the automated processing of Al reduces
cognitive steps that would otherwise interfere with task performance, thereby reducing
extraneous cognitive load (Chirayath et al., 2025; Jose et al., 2025a). Al also facilitates
the comprehension of complex material and supports more efficient cognitive processing
by bridging knowledge gaps and providing task scaffolding, thereby managing intrinsic
cognitive load (Becker et al., 2025; Kung et al., 2023).

When Al undertakes low-order tasks and simplifies complex information, the freed-up
cognitive resources of learners can be reallocated to higher-order thinking activities, such
as in-depth analysis, critical thinking, creative synthesis, and strategic decision making,
thereby supporting germane cognitive processing (Khalil et al., 2025; Rafner et al., 2023;
Song, 2025; Wang et al., 2025).

In classroom settings, Al assists students in comprehending unfamiliar concepts,
processing complex ideas, engaging in reflection on course content, and expanding their
knowledge scope (Granstrom & Oppi, 2025; Guo et al., 2025; Xia et al., 2025). As a result,
learning becomes more effortless.

Hence, this study proposes the following hypothesis:

H1. University students” in-class Al use and perceptions of cognitive relief are positively correlated.

2.3. Al Usage and Cognitive Offloading

Based on Cognitive Offloading Theory (Risko & Gilbert, 2016), Al usage allows in-
dividuals to offload cognitive processes to external tools, thereby reducing their mental
effort and reliance on independent thinking (Kosmyna et al., 2025). In educational con-
texts, students may accept Al-generated content uncritically and forgo cognitive processes
that would otherwise be required for independent task completion, thereby resulting in
cognitive offloading (Gerlich, 2025b; Malik et al., 2023; Zhai et al., 2024).

Al tools often function as substitutes rather than as auxiliary tools, shifting the role of
students from active knowledge constructors to more passive recipients. This shift offloads
cognitive resources that would otherwise be devoted to the development of metacognition
and self-regulation (Grassini, 2023; Kosmyna et al., 2025). Moreover, Al usage may lead
students to favor heuristic approaches over deliberate step-by-step reasoning and analysis,
thereby bypassing the time-consuming and effortful processes involved in constructing
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logical arguments (Oakley et al., 2025; Zhai et al., 2024). In many cases, users make only
minor adjustments to Al-generated content, resulting in reduced creativity and shallow
information processing (Alhur et al., 2025; Haider et al., 2024; Jose et al., 2025a). At the
same time, students may not fully recognize declines in their own cognitive engagement
(Dergaa et al., 2024).

In classroom settings, Al can quickly provide well-structured and fluently articulated
answers, potentially shifting motivation away from active thinking toward efficiency gains
(Gerlich, 2025a; Malik et al., 2023; Yatani et al., 2024) and attenuating the instincts of
students to question and verify information (Haider et al., 2024; Khalil et al., 2025; Zhai
et al., 2024). Hence, this study proposes the following hypothesis:

H2. University students’ in-class Al use and perceptions of cognitive offloading are positively correlated.

2.4. The Mediation of Cognitive Relief and Cognitive Offloading Between Al Use and Attitudes

Attitudes influence behaviors, and individuals’ behavioral experiences, in turn, shape
or reinforce their value tendencies toward such behaviors (Olson & Stone, 2005). In the
context of Al as a new technology, students” attitudes toward its use are still evolving, with
early usage experiences exerting a pivotal role in shaping them. Students are more likely
to perceive the value of Al intuitively when they have effective and seamless experiences,
and such positive perceptions can translate into greater acceptance and more favorable
evaluations of Al (Niloy et al., 2024; Ntoa, 2025). Therefore, this study proposes the
following hypothesis:

H3. University students’ in-class Al use is positively associated with their attitudes toward in-class
Al use.

Al can reduce cognitive load by automating tasks and providing instant answers,
enabling faster and less effortful task completion and allowing learners to perceive im-
provements in their efficiency and productivity (Noy & Zhang, 2023; Sana & Dissanayake,
2025). Such improvements in efficiency contribute to perceived usefulness, a core positive
determinant of attitudes in the Technology Acceptance Model (TAM) (Davis, 1989; Davis &
Venkatesh, 1996). Cognitive relief derived from Al use may also directly improve the emo-
tional states of users (Becker et al., 2025) and significantly reduce their anxiety (Haider et al.,
2024), and when Al use makes learners feel more relaxed and less stressed, their attitudes
toward the tool are likely to become more positive. Additionally, Al can support students in
comprehending challenging subjects and completing demanding tasks by breaking down
information and providing scaffolding (Becker et al., 2025; Song, 2025; Wang et al., 2025),
which may enhance their sense of competence. This empowering experience can strengthen
users’ reliance on and favorable impressions of the tool. Based on the above, this study
proposes the following hypothesis:

H4. Cognitive relief positively mediates the relationship between in-class Al use and attitudes
toward in-class Al use.

Cognitive offloading may be associated with a decline in critical thinking and decision-
making abilities (Gerlich, 2025b; Zhai et al., 2024), potentially causing students to notice
a deterioration in their thinking capacity and foster more cautious or negative attitudes
toward Al Additionally, it may also contribute to superficial learning and impaired long-
term retention (Khalil et al., 2025; Kosmyna et al., 2025), as well as reduced creativity and
problem-solving abilities (Alhur et al., 2025; Haider et al., 2024). Furthermore, excessive
reliance on Al may hinder the formation of deeper mental schemas (Oakley et al., 2025) and
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be perceived as a reflection of deteriorating academic skills (Miranda et al., 2025). These
experiences can induce anxiety and worry in students (Dergaa et al., 2024), contributing to
more negative evaluations of Al use. Moreover, cognitive offloading may reduce students’
sense of agency in the learning process, leading them to perceive a shift in themselves from
active creators to passive editors, which can undermine intrinsic satisfaction (Zhai et al.,
2024) and reduce positive attitudes toward Al use. Based on the above, this study proposes
the following hypothesis:

H5. Cognitive offloading negatively mediates the relationship between in-class Al use and attitudes
toward in-class Al use.

3. Methods
3.1. Survey Sample

The data used in this study were derived from a larger survey project that covers all
variables examined in the present research. All participants were recruited from a single
institution, H University (a research university in China). An online questionnaire was
developed using the Wenjuanxing platform, a major domestic survey tool. Convenience
sampling was adopted. Members of the research team distributed the questionnaire link
via WeChat, a widely used social media platform in China, to various types of student
groups within H University. These groups included class groups, course groups, student
club/organization groups, and major-based departmental groups. To encourage response
rates, small monetary incentives in the form of digital “red packets” (hongbao) were sent
together with the questionnaire link in each WeChat group. Before accessing the survey
questions, all potential participants were presented with a study description, an assur-
ance of anonymity, and a statement that participation was entirely voluntary. Participants
were required to confirm their willingness to participate before proceeding. They could
close the questionnaire page at any time during the process to withdraw without provid-
ing a reason, and this would not have any adverse effect on them. All responses were
collected anonymously.

The survey targeted undergraduate and postgraduate students from various schools
and departments at H University. All respondents participated voluntarily. Among the
287 participants, 169 were male and 118 were female; 180 were undergraduates and 107
were postgraduates; 202 had nature science and engineering backgrounds and 85 had
humanities and social sciences backgrounds.

3.2. Instruments

Engagement was selected as the primary analytical criterion for the following interre-
lated reasons: Engagement captures the dynamic and sustained nature of user interaction
with Al tools, reflecting not merely whether Al is adopted but also how intensively, fre-
quently, and attentively it is integrated into learning activities (Fredricks et al., 2004). In the
context of the cognitive relief-offloading paradox, engagement provides a diagnostic lens:
high engagement accompanied by critical reflection may indicate the productive use of Al
for cognitive relief, whereas high engagement characterized by the automatic acceptance
of Al outputs may signal problematic cognitive offloading. Distinguishing engagement
from the construct of digital readiness is important. Readiness refers to the preconditions
for access to Al technologies, while engagement reflects the quality of actual usage. This
study focuses on engagement precisely because it is more proximal to learning outcomes
and more sensitive to the conflicting tensions between cognitive relief and cognitive of-
floading inherent in real-world Al use. The scale items for the four variables were not
directly borrowed from scales adopted in previous studies but were newly developed for
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this research with reference to the existing literature. Accordingly, rigorous reliability and
validity assessments were performed on these scales.

The in-class Al use behavior scale comprises five items and was designed based on
practical experience and the relevant literature (Guo et al., 2025; Otermans et al., 2025). The
scale employs a five-point Likert scale (1 = Never; 2 = Occasionally; 3 = Moderately often;
4 = Frequently; 5 = Very frequently).

The scale measuring perceived cognitive relief consists of four items and was designed
with reference to prior studies (Hwang et al., 2013; Wang et al., 2025). Similarly, the
perceived cognitive offloading scale comprises four items and was developed based on
the related literature (Gerlich, 2025a; Miranda et al., 2025). The scale measuring students’
attitudes toward in-class Al use consists of three items and was developed by the authors.
Prior to data collection, the three-item attitude scale was reviewed by three researchers
to establish content validity. All three scales adopt a five-point Likert scale (1 = Strongly
Disagree; 5 = Strongly Agree).

All items were finalized after adjustments based on feedback from three researchers
to ensure their suitability for the in-class Al use context (See Appendix A for the specific
items of each scale):

In-Class Al Usage (CU): This variable measures the frequency with which students
use Al to support learning in classroom settings. Higher scores indicate more frequent
use across learning activities such as answering teachers’” questions, completing quizzes,
performing design or analytical tasks, and assisting with group discussions and writing.

Perception of Cognitive Relief (CR): This variable captures students’ perceptions of
reduced cognitive burden resulting from in-class Al use. Higher scores indicate stronger
agreement that in-class Al use helps alleviate cognitive burden by facilitating understanding
of difficult concepts, assisting in task completion, helping solve complex problems, and
enabling better alignment with the instructional pace of teachers.

Perception of Cognitive Offloading (CO): This variable measures students’ perceptions
of cognitive offloading associated with in-class Al use. Higher scores represent stronger stu-
dent recognition that in-class Al use may reduce deep thinking, promote superficial learn-
ing, increase reliance on Al-generated solutions, and discourage independent exploration.

Attitude toward In-Class Al Use (AT): This variable assesses students’ attitudes to-
ward in-class Al use. Higher scores reflect more positive attitudes, including the ap-
proval of appropriate Al use and the recognition of Al’s role in improving learning quality
and efficiency.

Control Variables: Demographic characteristics, such as gender, grade, and major field
of study, were used as control variables.

3.3. Data Analysis

The dataset analyzed in this study is available in the Supplementary Materials. Data
were analyzed using SPSS 25.0 and AMOS 25.0. The analyses included reliability and
validity testing, descriptive statistics, structural equation modeling (SEM) for hypothesis
testing, and bootstrap procedures to examine mediating effects.

Because all variables were assessed using a single self-report survey administered
at one time point, there was a potential risk of common method bias. Harman'’s single-
factor test was conducted to address this concern. Specifically, all measurement items were
entered into an unrotated principal component factor analysis. The results show that the
first factor accounted for 35.47% of the total variance, which is below the recommended
threshold of 40%. Thus, common method bias is unlikely to be a serious issue in this study.
However, it is important to note that Harman’s single-factor test is not the most precise
method for detecting common method variance.
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4. Results
4.1. Scale Reliability

Cronbach’s alpha was adopted to test the reliability of the scales (see Table 1). All four
constructs exceeded the 0.80 threshold, indicating good reliability.

Table 1. Cronbach’s alpha coefficients of scales.

Variable CU CR CcO AT
Number of Items 5 4 4 3
Cronbach’s « 0.843 0.898 0.877 0.884

4.2. Scale Validity

The questionnaire developed in this study was based on the existing literature and
was revised based on feedback from three researchers, supporting its content validity.
Confirmatory Factor Analysis (CFA) was conducted using AMOS 25.0 software to assess the
measurement model. The results (see Table 2) indicated excellent model fit (x> /df = 2.260;
CFI = 0.942; TLI = 0.929; RMSEA = 0.075; and SRMR = 0.058), with all indices meeting
the recommended thresholds (x2/df < 3; CFI > 0.90; TLI > 0.90; RMSEA < 0.08; and
SRMR < 0.08) (Hair et al., 2010; Kline, 2023).

Table 2. Measurement model fit.

Fit Indices x2/df CFI TLI RMSEA SRMR
Model Results 2.600 0.942 0.929 0.075 0.058

The internal quality of the measurement model was assessed (see Table 3). All items
loaded significantly onto their respective latent constructs, with standardized factor load-
ings ranging from 0.696 to 0.886 (p < 0.001). Composite reliability (CR) values ranged from
0.845 to 0.901, exceeding the 0.70 benchmark. The average variance extracted (AVE) values
ranged from 0.521 and 0.723, all above the 0.50 criterion, confirming adequate convergent
validity (Fornell & Larcker, 1981; Hair et al., 2010; Nunnally & Bernstein, 1994).

Table 3. Results of CFA.

Construct Item Standardlz.e d AVE CR
Factor Loading

CuU1 0.724
cu2 0.729

CU Ccu3 0.736 0.521 0.845
Cu4 0.724
CU5 0.696
CR1 0.878
CR2 0.808

CR CR3 0.860 0.695 0.901
CR4 0.784
Cco1 0.736
CcO2 0.753

cO CcO3 0.821 0.642 0.877
CO4 0.886
AT1 0.834

AT AT2 0.843 0.723 0.887
AT3 0.874
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Discriminant validity was also assessed, and the square root of each construct’s AVE
was greater than its correlations with other constructs, indicating acceptable discriminant
validity (see Table 4). Discriminant validity was further tested using the HTMT criterion. All
HTMT values were below 0.85, indicating good discriminant validity among all constructs
(Henseler et al., 2015). Specifically, the HTMT value between CR and AT was 0.748, which
is well below the stringent threshold of 0.85, further confirming that CR and AT are
two distinct constructs in this study.

Table 4. Discriminant validities for measurement model.

Construct CU CR CcoO AT
CU 0.722
CR 0.372 0.834
cO 0.136 —0.094 0.802
AT 0.387 0.669 —0.244 0.850

Note: The bold numbers on the diagonal represent the square root of the AVE for each construct.

4.3. Descriptive Statistics and Correlation Analysis

Table 5 presents the correlation matrix, means, and standard deviations for all study
constructs. The mean values ranged from 2.94 to 4.16. The correlation coefficient between
CR and CO was not statistically significant (r = —0.094).

Table 5. Means, standard deviations, and correlations among study variables.

Construct CU CR CcO AT
CU 1
CR 0.372 ** 1
CcO 0.136 * —0.094 1
AT 0.387 ** 0.669 ** —0.244 ** 1
Mean 3.56 4.09 2.94 4.16
S.D. 0.828 0.655 0.890 0.630

Note: **p < 0.01; * p < 0.05.

4.4. Hypothesis Testing

SEM was conducted via AMOS 25.0 to test the hypothesized relationships among
CU, CR, CO, and AT. The path coefficients are presented in Figure 2, the SEM results are
summarized in Table 6, and the mediating effects are shown in Table 7.

Table 6. SEM results.

Path Standardized  p . e S.E. CR. p
Estimate

CU-CR 0.414 0.334 0.056 5.974

CU—CO 0.187 0.224 0.082 2741 o

CR—AT 0.645 0.576 0.055 10432

CO—AT —0.251 —0.151 0.030 —5.001

CUAT 0.232 0.167 0.042 3.939

Note: ** p < 0.01; ** p < 0.001.

As shown in Table 6, CU had a significant positive effect on CR (3 = 0.414, p < 0.001),
supporting H1. CU also positively influenced CO (3 = 0.187, p < 0.01), supporting H2. In
turn, CR showed a strong positive effect on AT (3 = 0.645, p < 0.001), while CO exerted a
significant negative effect on AT (3 = —0.251, p < 0.001). Finally, the direct path from CU to
AT was significant and positive ( = 0.232, p < 0.001), supporting H3.
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Figure 2. Mediation path diagram. Note: ** p < 0.01; ** p < 0.001. CU: in-class Al usage; CR: perception
of cognitive relief; CO: perception of cognitive offloading; AT: attitude towards in-class Al use.

Table 7. Test of mediating effects.

Bias-Corrected 95% CI

Standardized Effects Estimate
Lower Upper
Standardized total effects
CU—AT 0.452 0.302 0.580
Standardized direct effects
CU—AT 0.232 0.109 0.352
Standardized indirect effects
CU—CR—AT 0.267 0.170 0.386
CU—CO—AT —0.047 —0.109 —0.008

Bootstrapping results (Table 7) with 5000 resamples revealed that both CR and CO
significantly mediated the relationship between CU and AT. The total effect of CU on AT
was significant ( = 0.452, 95% CI[0.302, 0.580]), comprising a direct effect (3 = 0.232, 95%
CI[0.109, 0.352]) and two indirect effects.

The indirect path via CR (CU—CR—AT) was positive and significant (3 = 0.267, 95%
CI [0.170, 0.386]), indicating complementary mediation (Hair et al., 2021) through CR,
supporting H4. Conversely, the indirect path via CO (CU—-CO— AT) was negative and
significant (3 = —0.047, 95% CI [—0.109, —0.008]), confirming competitive mediation (Hair
et al., 2021) and supporting H5.

Overall, the effect of CU on AT is partially mediated by both CR (enhancing attitudes)
and CO (suppressing attitudes).

A bias-corrected bootstrap method (5000 resamples) was applied to formally test the
significance of the difference between the two indirect effects, which was 0.314, with a
95% confidence interval of [0.155, 0.345]. This interval does not contain zero, indicating
that the mediation effect of CR is significantly larger than that of CO, supporting the
asymmetric effect.

This study used standardized indirect effect sizes to construct a comparative mediation
effects diagram to visually present the relative magnitude and significance of the two
mediating pathways (see Figure 3).
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Figure 3. Diagram comparing mediation effects.

5. Discussion
5.1. Theoretical Implications

Existing studies have extensively reviewed the dual nature of Al use (Chirayath et al.,
2025; Jose et al., 2025a; Khalil et al., 2025; Shalu et al., 2025). However, in-depth investiga-
tions into how this duality shapes the attitudes of users remain scarce. In response to this
gap, this study develops a research model centered on the dialectic between cognitive relief
and cognitive offloading, explaining the impact of conflicting perceptions on attitude for-
mation. The existing research has primarily examined variables with contradictory effects
in isolation (Gerlich, 2025b; Wang et al., 2025), leaving a lack of empirical insight into how
such experiences interact. This study addresses this limitation by empirically validating a
dual-path model of attitude formation and verifying the contradictory relationship between
cognitive relief and cognitive offloading.

Dual patterns of association linked to Al use. The correlational findings reveal pattern-
based evidence for two distinct cognitive pathways that are theoretically expected to link
in-class Al use with the attitudes of students. Specifically, the observed associations are
consistent with a complementary role for perceived cognitive relief, which shows positive
correlations with both Al use and favorable attitudes. In contrast, the pattern for cognitive
offloading is consistent with a competitive process, as it is positively correlated with Al
use but negatively correlated with favorable attitudes, a configuration that aligns with the
notion of undesirable cognitive dependency. Together, these dual patterns suggest that Al
use may be associated with simultaneous and opposing psychological forces rather than a
unidimensional influence.

Asymmetry in the correlational patterns of cognitive relief and cognitive offloading.
Although perceived cognitive relief and cognitive offloading show opposing associations
with student attitudes, the magnitudes of these associations differ substantially. The
positive association between cognitive relief and attitudes is significantly stronger than the
negative association between cognitive offloading and attitudes. Specifically, the mediating
effect of cognitive relief (CU—CR—AT) yielded a standardized estimate of 0.267 (95% CI
[0.170, 0.386]), whereas the mediating effect of cognitive offloading (CU—CO— AT) was
only —0.047 (95% CI [-0.109, —0.008]). This asymmetry suggests that positive cognitive
experiences may be more closely linked to attitudes than negative dependency-related
perceptions. Thus, the attitudes of students are more strongly correlated with what Al
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relieves than with what it offloads. These findings provide insights into how conflicting
psychological perceptions are associated with attitudes toward Al use.

This study found a competing mediation effect between cognitive relief and cogni-
tive offloading. Specifically, the same in-class Al application can simultaneously trigger
two opposite psychological processes. On the one hand, Al reduces students’ immediate
subjective cognitive load, generating a sense of cognitive relief (Becker et al., 2025), which,
in turn, fosters more positive attitudes toward Al On the other hand, Al may also lead
students to delegate cognitive tasks externally without sufficient personal engagement
(Dergaa et al., 2024). This process, known as cognitive offloading, triggers the metacognitive
awareness of reduced personal investment, thereby resulting in less favorable attitudes
toward Al These two processes operate in parallel but in opposite directions. Drawing on
dual-process theory (Kahneman, 2011; Milli et al., 2021), cognitive relief operates through
the fast, affective, experiential system (System 1), while cognitive offloading implicates the
metacognitive monitoring of one’s own cognitive effort (System 2). Therefore, the net effect
of Al use on the attitudes of students depends on which pathway dominates. When the
cognitive relief pathway is stronger, students are likely to develop positive attitudes; when
the cognitive offloading pathway prevails, negative attitudes may emerge. This theoretical
insight helps explain the mixed findings in the existing literature, where some studies report
positive attitudes toward Al in education (Mazaheriyan & Nourbakhsh, 2025) while others
highlight concerns about over-reliance, cognitive passivity, and even cognitive overload
(Tian & Zhang, 2025). By distinguishing between these two concurrent mechanisms, our
study offers a more nuanced understanding of how Al shapes the psychological responses
of students in learning contexts.

5.2. Practical Implications

A balanced understanding of the tensions in Al use. The emergence of new technolo-
gies is often accompanied by cognitive conflict and conceptual divisions (Cecutti et al.,
2021; Sparrow et al., 2011), which can trigger confusion and contradictions. Educators play
a key role in helping students develop a solid understanding of the dual impacts of Al
use. Alongside highlighting its conveniences and challenges, educators need to address
the psychological burdens that may arise from these tensions, such as anxiety, confusion,
or guilt (Chan, 2025; Qu & Wang, 2025; Zhu et al., 2024; Carter et al., 2025). Doing so
can support students in maintaining psychological balance and fostering developmental
resilience amid changes (Chirayath et al., 2025; Yang & Yang, 2025). Al-induced stress
brings considerable psychological costs beyond immediate task performance, and these
costs are linked to digital well-being, a concept that emphasizes positive mental states
rather than just freedom from harm in technological settings (Song, 2025). Future research
could treat digital well-being as an outcome of Al use and examine its role in mitigating
the negative impacts of cognitive offloading.

The role of cognitive relief in supporting higher-order learning. The survey results
show that students reported higher levels of perceived cognitive relief, suggesting that
Al use is primarily experienced as beneficial in reducing cognitive load and helping to
overcome difficulties and obstacles in learning. Students should be encouraged to use Al
rationally in classrooms and to leverage its positive role in cognitive relief by delegating
tasks unrelated to core learning objectives to it, thereby enabling cognitive resources to
focus on higher-order activities, such as creative, strategic, and complex tasks (Becker et al.,
2025; Chirayath et al., 2025; Miranda et al., 2025; Zhai et al., 2024).

The risks of cognitive offloading and their mitigation. The survey results indicate that
students reported moderate levels of cognitive offloading, reflecting a cautious mindset.
Students perceive that Al use is associated with cognitive offloading, which, in turn, is
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negatively associated with their attitudes toward Al use. It is recommended that educators
not overlook the potential cognitive risks associated with Al use. Instead, educators should
foster critical thinking and reflective learning to guard against the potential erosion of
cognitive development caused by over-reliance (Khalil et al., 2025; Jose et al., 2025a).

Building on the finding that cognitive relief and cognitive offloading operate as
two opposing mechanisms, educators can design interventions that maximize the former
while minimizing the latter, such as the following: (1) Educators can design Al tasks that
require active cognitive engagement and not allow students to directly copy Al-generated
answers. Instead, they should design assignments where Al serves as a scaffold (e.g.,
providing hints, generating counterarguments, or offering multiple perspectives) while
requiring students to evaluate, synthesize, or critique the Al output. This approach reduces
passive cognitive offloading while preserving the benefits of cognitive relief. (2) Educators
should teach metacognitive monitoring skills, and institutions should incorporate short
training modules on how to use Al mindfully. Moreover, students should learn to recog-
nize when they are offloading thinking unnecessarily (e.g., accepting Al answers without
checking) and develop habits of self-questioning (e.g., “Do I understand why the Al gave
this answer?”). Structured metacognitive prompts can help students engage with Al as a
thinking partner rather than as a thinking substitute. (3) Educators can structure Al usage
phases and introduce a “think-first, then-AI” rule. For example, students first attempt a
task on their own and then consult Al for feedback or expansion. This sequence preserves
cognitive relief while minimizing offloading-induced passivity. Additionally, time-bound
Al use (e.g., allowing Al assistance during brainstorming but not during final synthesis)
may prevent habitual offloading. (4) Educators can foster group discussion around Al
output by having students compare their own answers with Al-generated ones in small
groups, discussing discrepancies and justifications, which would convert individual passive
offloading into socially active learning.

5.3. Research Limitations and Future Directions

First, the generalizability of our findings is limited by the characteristics of our sample.
Data were collected from students at a single university in China using convenience
sampling, and the sample was disproportionately male and skewed toward STEM majors,
which is a significant limitation because attitudes toward Al are likely shaped by cultural,
educational, and disciplinary contexts. For example, STEM students may differ from
humanities or social science students in their familiarity with and trust in Al technologies
(Malmstrom et al., 2024). Future research should prioritize diverse, representative sampling
to test the cross-cultural and -disciplinary robustness of the observed patterns.

Second, this study relied on self-reported questionnaire data, which may have in-
troduced bias. In particular, students may have underestimated their level of cognitive
offloading due to their lack of awareness of the phenomenon, thereby affecting the ob-
served mediating effects. Future research could incorporate qualitative methods such as
interviews and classroom observations to explore the mediating roles of cognitive relief
and cognitive offloading in the relationship between Al use behavior and attitudes.

Thirdly, this study uses a cross-sectional design, which limits all interpretations to
correlational claims. Reverse causality (e.g., attitudes predicting Al use), reciprocal relation-
ships, and unmeasured third-variable confounds cannot be ruled out. Causal mediation
cannot be tested with cross-sectional data; thus, the proposed mediating roles of cognitive
relief and cognitive offloading remain tentative. Longitudinal or experimental designs are
needed to establish directionality.

Finally, future research could extend the research model by examining additional
pairs of contradictory variables affecting attitudes toward Al use to make the study more
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convincing. Variables such as Al literacy, Al trust, educational level, professional expertise,
structured prompting, and academic pressure have been shown to significantly impact
cognitive relief and cognitive offloading (Gerlich, 2025a; Zhang et al., 2025; Wahn & Schmitz,
2024; Miranda et al., 2025) and may therefore be integrated into future research models.

In addition, while the present study focuses on Chinese higher education students,
cross-national comparative research would help contextualize these findings. Different
educational systems vary in their class sizes, assessment formats, degrees of digital in-
frastructure integration, and emphases on memorization versus critical thinking—all of
which may moderate the relationship between Al use, cognitive relief, and offloading.
Future studies should employ cross-national datasets to test the generalizability of the
dual-path model and identify cultural or institutional factors that amplify or attenuate
each mechanism.

6. Conclusions

Growing attention has been paid to the dual nature of Al use. However, the con-
tradictory effects can create challenges for users in both ethical evaluation and practical
decision making. This study proposes a model of attitude formation toward Al use that
incorporates the contradictory constructs of cognitive relief and cognitive offloading, which
jointly influence attitudes through their opposing, interactive effects. The results of this
study indicate that perceived cognitive relief has positive associations with both Al use
behavior and attitudes, consistent with a complementary mechanism. In contrast, cognitive
offloading is positively associated with Al use behavior but negatively associated with
attitudes, a pattern consistent with a competitive mechanism. Moreover, the positive as-
sociation between cognitive relief and attitudes is significantly stronger than the negative
association between cognitive offloading and attitudes. This asymmetry is consistent with
the observation that students reported generally positive attitudes toward the use of AL
The findings highlight the importance of helping students understand the dual nature of
Al use. Educators should support students in managing the confusion and psychological
anxiety caused by conflicting value judgments.

Based on the empirical findings of this study, we offer several recommendations.
Institutions should consider integrating specific modules focused on enhancing Al literacy
and critical reflection into their curricula. These modules need not be standalone courses;
rather, they can be embedded within existing disciplinary contexts. Moreover, educators
should design collaborative activities that help learners complete assignments with Al
support rather than simply assign Al-mediated tasks as independent work. Collaborative
formats, such as small-group discussions and comparing Al-generated answers, or peer
reviews of Al-assisted submissions, can foster active engagement and reduce the risk of
passive offloading. Al tools themselves should be designed with pedagogical guardrails,
such as requiring users to articulate their own reasoning before revealing Al suggestions,
or prompting metacognitive questions during interaction. These design features can help
preserve cognitive engagement while still offering the benefits of cognitive relief.

This study makes contributions to both theory and practice. Theoretically, it advances
the literature by empirically validating a dual-path model of attitude formation, establishing
the contradictory relationship between cognitive relief and cognitive offloading as a core
mechanism shaping the attitudes of users toward Al in educational contexts. In doing so,
it moves beyond the binary perspective of Al as either beneficial or harmful, offering a
more nuanced framework for understanding how the same technology can simultaneously
produce opposing psychological effects. Practically, the findings provide guidance for
educators, instructional designers, and policymakers. Specifically, the results suggest that
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effective Al integration should focus not only on maximizing efficiency and cognitive relief
but also on actively mitigating the risks of cognitive offloading.
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Abbreviations

The following abbreviations are used in this manuscript:

CU In-Class Al Usage

CR  Perception of Cognitive Relief

CO  Perception of Cognitive Offloading
AT  Attitude towards In-Class Al Usage

Appendix A
Items of the In-Class AI Usage (CU)

Using Al to help answer questions posed by the instructor during class.

Using Al to help complete in-class quizzes or exercises.

Using Al to assist in completing in-class tasks (e.g., Scheme Planning, project design,
case analysis).

Using Al to support in-class group discussions.

Using Al to assist with writing-related tasks during class.

Items of the Perception of Cognitive Relief (CR)

Using Al in class helps clarify difficult concepts, making learning easier.

Using Al in class assists in completing tasks, reducing academic pressure.

Using Al in class aids in solving challenging problems, making learning more efficient.
Using Al in class helps me better keep pace with the teacher’s instruction.

Items of the Perception of Cognitive Offloading (CO)

Using Al in the class hinders my ability to engage in deep thinking about the
learning material.
Using Al in the class results in my acquisition of only superficial knowledge.
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Using Al in the class leads me to consistently rely on Al-generated solutions.
Using Al in the class reduces my willingness to think and explore independently.

Items of the Attitude towards the In-Class AI Usage (AT)

I support the appropriate use of Al tools by students during class.
The use of Al during class helps improve students’ learning quality.
The use of Al during class helps improve students’ learning efficiency.

References

Alhur, A. A., Khlaif, Z. N., Hamamra, B., & Hussein, E. (2025). The paradox of Al in higher education: A qualitative inquiry into Al
dependency among educators in Palestine. JMIR Medical Education, 11, €74947. [CrossRef] [PubMed]

Baek, C., Tate, T., & Warschauer, M. (2024). “ChatGPT seems too good to be true”: College students’ use and perceptions of generative
Al Computers and Education: Artificial Intelligence, 7, 100294. [CrossRef]

Becker, E., Wiinsche, J., Veith, J. M., Schrader, J., & Bitzenbauer, P. (2025). From cognitive relief to affective engagement: An empirical
comparison of Al chatbots and instructional scaffolding in physics education. arXiv. [CrossRef]

Bem, D. J. (1972). Self-perception theory. In L. Berkowitz (Ed.), Advances in experimental social psychology (Vol. 6, pp. 1-62). Aca-
demic Press. [CrossRef]

Carter, J. W., Scott, J. T., & Barrett, J. D. (2025). The emotional cost of Al chatbots in education: Who benefits and who struggles?
Computers in Human Behavior: Artificial Humans, 5, 100181. [CrossRef]

Cavicchi, S., Abubshait, A., Siri, G., Mustile, M., & Ciardo, F. (2025). Can humanoid robots be used as a cognitive offloading tool?
Cognitive Research: Principles and Implications, 10, 17. [CrossRef] [PubMed]

Cecutti, L., Chemero, A., & Lee, S. W. S. (2021). Technology may change cognition without necessarily harming it. Nature Human
Behaviour, 5(8), 973-975. [CrossRef] [PubMed]

Chan, C. K. Y. (2025). Understanding AI guilt: The development, pilot-testing, and validation of an instrument for students. Education
and Information Technologies, 30(15), 21727-21746. [CrossRef]

Chirayath, G., Premamalini, K., & Joseph, J. (2025). Cognitive offloading or cognitive overload? How Al alters the mental architecture
of coping. Frontiers in Psychology, 16, 1699320. [CrossRef] [PubMed]

Clark, A., & Chalmers, D. J. (1998). The extended mind. Analysis, 58, 7-19. [CrossRef]

Davis, E. D. (1989). Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Quarterly, 13(3),
319-340. [CrossRef] [PubMed]

Davis, F. D., & Venkatesh, V. (1996). A critical assessment of potential measurement biases in the technology acceptance model:
Three experiments. International Journal of Human-Computer Studies, 45(1), 19-45. [CrossRef]

Dergaa, I., Ben Saad, H., Glenn, J. M., Amamou, B., Ben Aissa, M., Guelmami, N., Fekih-Romdhane, F., & Chamari, K. (2024). From
tools to threats: A reflection on the impact of artificial-intelligence chatbots on cognitive health. Frontiers in Psychology, 15, 1259845.
[CrossRef] [PubMed]

Festinger, L. (1957). A theory of cognitive dissonance. Stanford University Press.

Fornell, C., & Larcker, D. F. (1981). Structural equation models with unobservable variables and measurement error: Algebra and
statistics. Journal of Marketing Research, 18(3), 382-388. [CrossRef]

Fredricks, J. A., Blumenfeld, P. C., & Paris, A. H. (2004). School engagement: Potential of the concept, state of the evidence. Review of
Educational Research, 74(1), 59-109. [CrossRef]

Gerlich, M. (2025a). Al tools in society: Impacts on cognitive offloading and the future of critical thinking. Societies, 15(1), 6. [CrossRef]

Gerlich, M. (2025b). From offloading to engagement: An experimental study on structured prompting and critical reasoning with
generative Al. Data, 10(11), 172. [CrossRef]

Granstrom, M., & Oppi, P. (2025). Student engagement with Al tools in learning: Evidence from a large-scale Estonian survey. Frontiers
in Education, 10, 1688092. [CrossRef]

Grassini, S. (2023). Shaping the future of education: Exploring the potential and consequences of Al and ChatGPT in educational
settings. Education Sciences, 13(7), 692. [CrossRef]

Grinschgl, S., Papenmeier, F., & Meyerhoff, H. S. (2021). Consequences of cognitive offloading: Boosting performance but diminishing
memory. Quarterly Journal of Experimental Psychology, 74(9), 1477-1496. [CrossRef] [PubMed]

Guo, F, Zhang, L., Shi, T., & Coates, H. (2025). Whether and when could generative Al improve college student learning engagement?
Behavioral Sciences, 15(8), 1011. [CrossRef] [PubMed]

Haider, Z., Zummer, A., Waheed, A., & Abuzar, M. (2024). Study how Al can be used to enhance cognitive functions, such as memory
or problem-solving, and the psychological effects of these enhancements. Bulletin of Business and Economics (BBE), 13(3), 256-263.
[CrossRef]

Hair, J. F,, Black, W. C., Babin, B. J., & Anderson, R. E. (2010). Multivariate data analysis. Pearson Prentice Hall.

https:/ /doi.org/10.3390/bs16061014


https://doi.org/10.2196/74947
https://www.ncbi.nlm.nih.gov/pubmed/40953310
https://doi.org/10.1016/j.caeai.2024.100294
https://doi.org/10.48550/arXiv.2508.06254
https://doi.org/10.1016/s0065-2601(08)60024-6
https://doi.org/10.1016/j.chbah.2025.100181
https://doi.org/10.1186/s41235-025-00616-7
https://www.ncbi.nlm.nih.gov/pubmed/40244346
https://doi.org/10.1038/s41562-021-01162-0
https://www.ncbi.nlm.nih.gov/pubmed/34211150
https://doi.org/10.1007/s10639-025-13629-y
https://doi.org/10.3389/fpsyg.2025.1699320
https://www.ncbi.nlm.nih.gov/pubmed/41356052
https://doi.org/10.1093/analys/58.1.7
https://doi.org/10.2307/249008
https://www.ncbi.nlm.nih.gov/pubmed/23455082
https://doi.org/10.1006/ijhc.1996.0040
https://doi.org/10.3389/fpsyg.2024.1259845
https://www.ncbi.nlm.nih.gov/pubmed/38629037
https://doi.org/10.2307/3150980
https://doi.org/10.3102/00346543074001059
https://doi.org/10.3390/soc15010006
https://doi.org/10.3390/data10110172
https://doi.org/10.3389/feduc.2025.1688092
https://doi.org/10.3390/educsci13070692
https://doi.org/10.1177/17470218211008060
https://www.ncbi.nlm.nih.gov/pubmed/33752519
https://doi.org/10.3390/bs15081011
https://www.ncbi.nlm.nih.gov/pubmed/40867368
https://doi.org/10.61506/01.00485
https://doi.org/10.3390/bs16061014

Behav. Sci. 2026, 16, 1014 18 of 19

Hair, J. F, Hult, G. T. M., Ringle, C. M., Sarstedt, M., Danks, N. P, & Ray, S. (2021). Partial least squares structural equation modeling
(PLS-SEM) using R. Springer. [CrossRef]

Henseler, J., Ringle, C. M., & Sarstedt, M. (2015). A new criterion for assessing discriminant validity in variance-based structural
equation modeling. Journal of the Academy of Marketing Science, 43(1), 115-135. [CrossRef]

Hwang, G.]., Yang, L. H., & Wang, S. Y. (2013). A concept map-embedded educational computer game for improving students’ learning
performance in natural science courses. Computers & Education, 69, 121-130. [CrossRef]

Jose, B., Cherian, J., Verghis, A. M., Varghise, S. M., S, M., & Joseph, S. (2025a). The cognitive paradox of Al in education: Between
enhancement and erosion. Frontiers in Psychology, 16, 1550621. [CrossRef] [PubMed]

Jose, B., Joseph, D., Mohan, V., Alexander, E., Varghese, S. K., & Roy, A. (2025b). Outsourcing cognition: The psychological costs of
Al-era convenience. Frontiers in Psychology, 16, 1645237. [CrossRef] [PubMed]

Kahneman, D. (2011). Thinking, fast and slow. Macmillan.

Khalil, J., Munir, M., & Majeed, S. (2025). ChatGPT usage and attention-related cognitive errors in daily lives of university students.
Journal of Professional & Applied Psychology, 6(4), 492-503. [CrossRef]

Kline, R. B. (2023). Principles and practice of structural equation modeling. Guilford publications.

Kosmyna, N., Hauptmann, E., Yuan, Y. T, Situ, J., Liao, X. H., Beresnitzky, A. V., Braunstein, 1., & Maes, P. (2025). Your brain on
ChatGPT: Accumulation of cognitive debt when using an Al assistant for essay writing task. arXiv. [CrossRef]

Kung, T. H., Cheatham, M., Medenilla, A., Sillos, C., De Leon, L., Elepafio, C., Madriaga, M., Aggabao, R., DiazCandido, G., Maningo, J.,
& Tseng, V. (2023). Performance of ChatGPT on USMLE: Potential for Al-assisted medical education using large language models.
PLoS Digital Health, 2(2), €0000198. [CrossRef] [PubMed]

Malik, A. R., Pratiwi, Y., Andajani, K., Numertayasa, I. W., Suharti, S., & Darwis, A. (2023). Exploring artificial intelligence in academic
essay: Higher education student’s perspective. International Journal of Educational Research Open, 5, 100296. [CrossRef]

Malmstrom, H., Stohr, C., & Ou, A. W. (2024). Perceptions and usage of Al chatbots among students in higher education across genders,
academic levels and fields of study. Computers and Education: Artificial Intelligence, 6, 100259. [CrossRef]

Mazaheriyan, A., & Nourbakhsh, E. (2025). Beyond the hype: Critical analysis of student motivations and ethical boundaries in
educational Al use in higher education. arXiv, arXiv:2511.11369.

Milli, S., Lieder, F., & Griffiths, T. L. (2021). A rational reinterpretation of dual-process theories. Cognition, 217, 104881. [CrossRef]
[PubMed]

Miranda, J. P. P, Cruz, M. A. D., Fernandez, A. B., Balahadia, F. F,, Aviles, J. S., Caro, C. A., Liwanag, I. G., & Gana, E. P. (2025). Erosion
of critical academic skills due to AI dependency among tertiary students: A path analysis. In Cognitive offloading: Implications for
higher education in the Al era (pp. 25-48). IGI Global. [CrossRef]

Niloy, A. C., Bari, M. A,, Sultana, J., Chowdhury, R., Raisa, F, Islam, A., Mahmud, S., Jahan, 1., Sarkar, M., Akter, S., Nishat, N.,
Afroz, M., Sen, A., Prome, T. I, Tareq, M. H., & Hossen, M. A. (2024). Why do students use ChatGPT? Answering through a
triangulation approach. Computers and Education: Artificial Intelligence, 6, 100208. [CrossRef]

Noy, S., & Zhang, W. (2023). Experimental evidence on the productivity effects of generative artificial intelligence. Science, 381(6654),
187-192. [CrossRef] [PubMed]

Ntoa, S. (2025). Usability and user experience evaluation in intelligent environments: A review and reappraisal. International Journal of
Human-Computer Interaction, 41(5), 2829-2858. [CrossRef]

Nunnally, ]., & Bernstein, I. (1994). Psychometric theory. McGraw-Hill.

Oakley, B., Johnston, M., Chen, K.-Z., Jung, E., & Sejnowski, T. J. (2025). The memory paradox: Why our brains need knowledge in an
age of AL arXiv, arXiv:2506.11015. [CrossRef]

Olson, J. M., & Stone, J. (2005). The influence of behavior on attitudes. In D. Albarracin, B. T. Johnson, & M. P. Zanna (Eds.), The
handbook of attitudes (pp. 223-271). Lawrence Erlbaum Associates.

Otermans, P. C. J., Roberts, C., & Baines, S. (2025). Unveiling Al perceptions: How student attitudes towards Al shape Al awareness,
usage, and conceptions. International Journal of Technology in Education, 8(1), 88-103. [CrossRef]

Qu, Y., & Wang, J. (2025). The impact of Al guilt on students’ use of ChatGPT for academic tasks: Examining disciplinary differences.
Journal of Academic Ethics, 23, 2087-2110. [CrossRef]

Rafner, J., Beaty, R. E., Kaufman, J. C., Lubart, T., & Sherson, ]J. (2023). Creativity in the age of generative Al. Nature Human Behaviour,
7(11), 1836-1838. [CrossRef] [PubMed]

Ren, J., Guo, ], & Li, H. (2025). Linking digital competence, self-efficacy, and digital stress to perceived interactivity in Al-supported
learning contexts. Scientific Reports 15, 33182. [CrossRef]

Risko, E. F,, & Gilbert, S. J. (2016). Cognitive offloading. Trends in Cognitive Sciences, 20(9), 676—688. [CrossRef] [PubMed]

Rozman, M., Oreski, D., Elias, A., Pynadath, M. E, & Tominc, P. (2025). Al literacy among university students: A comparative study of
three countries—Slovenia, Croatia, and India. IEEE Access, 13, 110671-110688. [CrossRef]

Sana, N., & Dissanayake, M. P. (2025). Al co-dependency syndrome: Does Al boost or weaken human productivity? Faculty of Graduate
Studies, University of Colombo. Available online: https://transcom.com/ai-solutions (accessed on 1 February 2026).

https:/ /doi.org/10.3390/bs16061014


https://doi.org/10.1080/02732173.2021.1875090
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1016/j.compedu.2013.07.008
https://doi.org/10.3389/fpsyg.2025.1550621
https://www.ncbi.nlm.nih.gov/pubmed/40297599
https://doi.org/10.3389/fpsyg.2025.1645237
https://www.ncbi.nlm.nih.gov/pubmed/41426381
https://doi.org/10.52053/jpap.v6i4.432
https://doi.org/10.48550/arXiv.2506.08872
https://doi.org/10.1371/journal.pdig.0000198
https://www.ncbi.nlm.nih.gov/pubmed/36812645
https://doi.org/10.1016/j.ijedro.2023.100296
https://doi.org/10.1016/j.caeai.2024.100259
https://doi.org/10.1016/j.cognition.2021.104881
https://www.ncbi.nlm.nih.gov/pubmed/34536658
https://doi.org/10.4018/979-8-3373-0122-8.ch002
https://doi.org/10.1016/j.caeai.2024.100208
https://doi.org/10.1126/science.adh2586
https://www.ncbi.nlm.nih.gov/pubmed/37440646
https://doi.org/10.1080/10447318.2024.2394724
https://doi.org/10.48550/arXiv.2506.11015
https://doi.org/10.46328/ijte.995
https://doi.org/10.1007/s10805-025-09643-x
https://doi.org/10.1038/s41562-023-01751-1
https://www.ncbi.nlm.nih.gov/pubmed/37985916
https://doi.org/10.1038/s41598-025-18873-3
https://doi.org/10.1016/j.tics.2016.07.002
https://www.ncbi.nlm.nih.gov/pubmed/27542527
https://doi.org/10.1109/access.2025.3581128
https://transcom.com/ai-solutions
https://doi.org/10.3390/bs16061014

Behav. Sci. 2026, 16, 1014 19 of 19

Schwarz, N. (2012). Feelings-as-information theory. In P. A. M. Van Lange, A. W. Kruglanski, & E. T. Higgins (Eds.), Handbook of theories
of social psychology (Vol. 1, pp. 289-308). Sage Publications. [CrossRef]

Shalu, Verma, N., Dev, K., Bhardwaj, A. B., & Kumar, K. (2025). The cognitive cost of AI: How Al anxiety and attitudes influence
decision fatigue in daily technology use. Annals of Neurosciences. [CrossRef] [PubMed]

Song, C. (2025). Harmonising minds: How Al-powered learning tools shape music education students’ cognitive load, well-being and
academic success. European Journal of Education, 60, €70122. [CrossRef]

Sparrow, B., Liuy, J., & Wegner, D. M. (2011). Google effects on memory: Cognitive consequences of having information at our fingertips.
Science, 333(6043), 776-778. [CrossRef] [PubMed]

Sweller, J. (1988). Cognitive load during problem solving: Effects on learning. Cognitive Science, 12(2), 257-285. [CrossRef] [PubMed]

Tian, J., & Zhang, R. (2025). Learners’ Al dependence and critical thinking: The psychological mechanism of fatigue and the social
buffering role of Al literacy. Acta Psychologica, 260, 105725. [CrossRef] [PubMed]

Wahn, B., & Schmitz, L. (2024). A bonus task boosts people’s willingness to offload cognition to an algorithm. Cognitive Research:
Principles and Implications, 9, 24. [CrossRef] [PubMed]

Wang, H., Wang, C., Chen, Z., Liu, F,, Bao, C., & Xu, X. (2025). Impact of Al agent supported collaborative learning on the learning
outcomes of University programming courses. Education and Information Technologies, 30, 17717-17749. [CrossRef]

Xia, Q., Li, W,, Yang, Y., Weng, X., & Chiu, T. K. F. (2025). A systematic review and meta-analysis of the effectiveness of generative
artificial intelligence (GenAl) on students’ motivation and engagement. Computers and Education: Artificial Intelligence, 9, 100455.
[CrossRef]

Yang, J., & Yang, L. (2025). How Al-enhanced environments shape EFL students” anxiety, depression, and emotional well-being;:
A latent growth curve analysis. The Asia-Pacific Education Researcher. [CrossRef]

Yatani, K., Sramek, Z., & Yang, C.-L. (2024). Al as extraherics: Fostering higherorder thinking skills in human-Al interaction. arXiv.
[CrossRef]

Zhai, C., Wibowo, S., & Li, L. D. (2024). The effects of over-reliance on Al dialogue systems on students’ cognitive abilities: A systematic
review. Smart Learning Environments, 11, 16. [CrossRef]

Zhang, Z., Wang, C., & Shang, Y. (2025). Are Al tools effective in reducing cognitive load or boosting writing self-efficacy for L2
postgraduates? The Asia-Pacific Education Researcher, 35(2), 343-354. [CrossRef]

Zhu, W.,, Huang, L., Zhou, X,, Li, X., Shi, G., Ying, J., & Wang, C. (2024). Could Al ethical anxiety, perceived ethical risks and ethical
awareness about Al influence university students’ use of generative Al products? An ethical perspective. International Journal of
Human—Computer Interaction, 41(1), 742-764. [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/10.3390/bs16061014


https://doi.org/10.4135/9781446249215.n15
https://doi.org/10.1177/09727531251359872
https://www.ncbi.nlm.nih.gov/pubmed/40851834
https://doi.org/10.1111/ejed.70122
https://doi.org/10.1126/science.1207745
https://www.ncbi.nlm.nih.gov/pubmed/21764755
https://doi.org/10.1207/s15516709cog1202_4
https://www.ncbi.nlm.nih.gov/pubmed/42301497
https://doi.org/10.1016/j.actpsy.2025.105725
https://www.ncbi.nlm.nih.gov/pubmed/41076923
https://doi.org/10.1186/s41235-024-00550-0
https://www.ncbi.nlm.nih.gov/pubmed/38652184
https://doi.org/10.1007/s10639-025-13487-8
https://doi.org/10.1016/j.caeai.2025.100455
https://doi.org/10.1007/s40299-025-01058-x
https://doi.org/10.48550/arXiv.2409.09218
https://doi.org/10.1186/s40561-024-00316-7
https://doi.org/10.1007/s40299-025-01031-8
https://doi.org/10.1080/10447318.2024.2323277
https://doi.org/10.3390/bs16061014

	Introduction 
	Hypotheses and Research Model 
	Research Model 
	AI Usage and Cognitive Relief 
	AI Usage and Cognitive Offloading 
	The Mediation of Cognitive Relief and Cognitive Offloading Between AI Use and Attitudes 

	Methods 
	Survey Sample 
	Instruments 
	Data Analysis 

	Results 
	Scale Reliability 
	Scale Validity 
	Descriptive Statistics and Correlation Analysis 
	Hypothesis Testing 

	Discussion 
	Theoretical Implications 
	Practical Implications 
	Research Limitations and Future Directions 

	Conclusions 
	Appendix A
	References

