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Abstract

The growing presence of generative artificial intelligence (GenAl) in learning environments
highlights a need to understand self-regulated learning (SRL) as these technologies enable
new pathways for independent learning. This study examined the cognitive and per-
sonal factors associated with the self-reported metacognitive use of GenAl within the SRL
framework, focusing on perceived self-regulation skills, perceived usefulness, and learning
motivation. An online survey was conducted among 1265 participants recruited through
snowball sampling. The findings indicate that perceived personal skills and perceived
usefulness are the strongest predictors of self-reported metacognitive use of GenAl In
contrast, learning motivation emerged as a negative predictor, suggesting that motivation
does not necessarily translate into effective engagement with GenAl-based learning. Addi-
tionally, perceived usefulness partially mediated the relationship between motivation and
metacognitive use. The findings extend SRL theory to GenAl-driven learning environments
and highlight the importance of fostering learners’ self-regulation skills and awareness of
the value of GenAl for effective adoption.

Keywords: self-regulated learning; generative artificial intelligence; meta-cognitive learning
strategies; perceived usefulness; learning motivation; perceived personal skills

1. Introduction

The rapid advancement of artificial intelligence (AI) has significantly impacted various
domains, introducing new ways to generate, process, and interact with information. Among
the most transformative Al innovations is generative artificial intelligence (GenAl), which

W) Check for updates leverages sophisticated machine learning algorithms to create new content, including text,

images, and problem-solving strategies [1,2]. Its ability to generate human-like responses,
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higher adaptability, better problem-solving skills, and increased motivation to acquire new
knowledge [4,5].

In an era where digital technologies facilitate lifelong learning, GenAl plays a growing
role in potentially enhancing self-regulated knowledge acquisition. This technology’s
unique characteristics, particularly its adaptive and interactive capabilities, open unprece-
dented opportunities for users to manage and optimize their perceived learning and
decision-making processes. By providing instant access to information, generating insights,
and offering personalized recommendations, GenAl can support individuals in setting
goals, monitoring progress, and refining strategies based on real-time feedback [1].

While the potential of GenAl to support self-regulated learning has gained increasing
attention [6,7], there remain significant gaps in understanding learners” perceptions of its
contributions to self-regulated cognitive and behavioral processes. Furthermore, existing
research has primarily focused on the applications of GenAl in structured learning environ-
ments, e.g., [2,7,8], leaving a gap in exploring learners’ perspectives on how it facilitates
independent learning and decision-making in non-educational contexts.

This study addresses these gaps by examining the relationships between self-reported
SRL tendencies and attitudes toward GenAl. Specifically, it explores how self-reported SRL
behaviors relate to perceived usefulness and concerns about GenAl, while also investigating
mediating and moderating factors that shape these relationships. Through a comprehensive
analysis of these dynamics, this research provides novel insights into learners’ perceptions
of how they integrate GenAl into their self-regulated cognitive strategies, the extent to
which its perceived usefulness predicts motivation and adoption, and the role of concerns
in shaping reported Al-assisted learning behaviors. Understanding these mechanisms is
essential for optimizing the design and implementation of GenAl-based tools, ensuring they
effectively support perceived self-regulated decision-making and knowledge acquisition
across diverse domains.

1.1. Literature Review

Generative artificial intelligence (GenAl) is a specialized branch of artificial intelligence
(AI) designed to generate new content in various forms, such as text, images, video,
and music. By identifying patterns in vast datasets using machine learning algorithms,
GenAlI can produce original outputs that resemble human-created content [1,2,9]. Its
ability to process large volumes of data and extract meaningful insights positions it as a
transformative tool across multiple sectors, including business, healthcare, industries, and
scientific research [9].

A key strength of GenAl lies in its advanced linguistic and analytical capabilities,
enabling seamless interaction between humans and machines [8]. Its proficiency in un-
derstanding and generating human-like text, analyzing large-scale datasets, and adapting
responses based on user input is perceived to enhance its applicability in fields requiring
automated decision-making, content generation, and personalized assistance [2,9].

While GenAl offers significant benefits, concerns remain regarding ethical implications,
reliability, and over-reliance on GenAl-generated content. Issues such as bias in training
data, misinformation, and intellectual property challenges require careful oversight and
responsible deployment of Al technologies [10,11]. As GenAlI continues to evolve, striking
a balance between automation and human oversight is essential to maximize its benefits
while mitigating potential risks.

1.2. Self-Regulated Learning (SRL)

While traditionally viewed as a proactive approach, it is important to note that SRL
processes can be counterproductive, for instance in cases of procrastination, which is
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often viewed as a failure of self-regulation [12], or the application of misconceptions
regarding effective learning practices, such as a preference for massed practice over spaced
repetition [13].

At the core of SRL lie three main strategies. Cognitive strategies facilitate the effective
processing of learning materials and include techniques such as repetition, meaningful
organization of information, and expansion through connections to prior knowledge.
Metacognitive strategies enable learners to regulate the learning process through planning,
continuous progress monitoring, and appropriate behavioral adjustments. These strategies
also involve self-assessment of learning methods and attributing causes to outcomes.
Finally, resource management strategies focus on controlling external learning conditions
and optimizing available resources, including adapting the physical and social environment
to learning goals, managing time effectively, and seeking assistance when necessary [3,14].

The increasing shift toward digital and GenAl-based learning environments further
accentuates the need for SRL, as digital tools demand a high level of autonomy and self-
discipline [4,5]. Studies have shown that students who employ self-regulation strategies
achieve better outcomes compared to their peers, with metacognitive strategies, such as
planning, self-monitoring, and reflective thinking, having the most significant impact on
performance [5].

1.3. SRL in the Age of GenAl

GenAl creates an immediate and personalized learning environment with the poten-
tial to foster SRL and enhance students” motivation [15-18]. Beyond providing access to
information, these tools support SRL through continuous monitoring and guidance, adapt-
ing tasks, feedback, and resources to meet learners’ evolving needs. Moreover, learners
perceived that the use of Al applications supports their self-regulated learning, particularly
in cognitive and metacognitive aspects [7].

For example, GenAl-based chatbots can function as personalized virtual tutors, en-
gaging in interactive conversations with learners and providing an adaptive learning
environment by answering questions, offering explanations, and delivering immediate
support [17]. Due to these capabilities, chatbots have the potential to support SRL across
different learning stages [6,7]. During the Forethought phase, chatbots provide examples,
clarify objectives, and suggest diverse learning approaches. In the Performance phase,
they offer practical support—suggesting solutions to complex problems, assisting in aca-
demic writing, improving writing skills through immediate feedback, and generating
challenges to reinforce knowledge [6]. Additionally, GenAl tools such as learning analytics
dashboards are perceived by learners as helpful for monitoring progress and enhancing
their understanding of content [7]. Finally, in the Self-Reflection phase, GenAl facilitates
personalized feedback, strengthens self-reflection skills, and offers tailored strategies for
personal development based on prior learning experiences [6].

Recent studies have reinforced the potential of GenAl to support SRL. Wu et al. [18]
and Xia et al. [19] highlight a strong correlation between GenAl-driven digital support and
students’ reported engagement in SRL activities. For example, Wu et al. [18] demonstrated
that in hybrid learning environments, GenAl significantly enhanced students’” reported
behavioral, cognitive, and emotional engagement compared to traditional search engines.

Despite these promising findings, research on the role of GenAl in supporting SRL
remains limited. The relationship between the use of GenAl and self-reported SRL pro-
cesses is not yet fully understood, despite recent studies highlighting its potential in this
domain [7,15]. Additionally, research has yet to explore the pedagogical and psychological
considerations relevant to the integration of GenAl in SRL. Moreover, it is essential to
understand learners’ perceptions of the role of GenAl in supporting SRL.
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In light of the above, this study aims to address the following research questions:

RQ1: What are the associations between self-reported SRL and attitudes toward GenAI?

RQ2: What are the cognitive and personal factors predicting reported SRL and the
perceived metacognitive use of GenAI?

2. Materials and Methods
2.1. Research Approach

This study employs a quantitative approach, utilizing an online questionnaire as
the primary data collection tool. The questionnaire was distributed using a snowball
sampling method, chosen for its efficiency in reaching a diverse range of participants while
maintaining broad accessibility [20].

2.2. Participants

A total of 1265 respondents from Israel participated in the study (32.6% male, 67.4%
female). The average age of the participants was 41.06 years (SD = 11.10). The participants
had diverse educational backgrounds: 39.5% held bachelor’s degrees, 36.8% held master’s
degrees, 5.6% held doctoral degrees, and the remaining participants had high school or
vocational education. The respondents had an average of 11.21 years of experience in their
respective fields (SD = 10.14), and their professional backgrounds were diverse.

2.3. Research Tool

The questionnaire consisted of four main sections: (1) demographic background,
(2) attitudes toward GenAl, (3) self-regulated learning (SRL), and (4) SRL using GenAl

Table 1 provides an overview of the questionnaire’s structure, with the reliability
scores and sample items for each construct.

Table 1. Questionnaire structure and reliability measures.

Variable Sub-Scale Nu;::::: of Reliability Sample Item Source
I believe that using GenAl tools
* User . could save me time and allow me
. Perceived Usefulness 4 0.889 ) [21]
Attitudes to focus on more important
aspects of my work
Concerns and I am concerned about becoming
. 4 0.795 too dependent on GenAl tools in [21]
Anxieties
my work
Self-
Regulated  Learning Motivation 3 0.840 I'like to learn new things [22]
Learning
Me’.cacogmtlve. 6 0.783 I set clear learning goals for [22]
Learning Strategies myself
SRL usin I believe I have the necessary
CenAl & Personal Skills 3 0.869 skills to effectively use artificial [22]
intelligence for learning
Metacognitive .
Learning Strategies 9 0.953 GenArInto;)el zrililﬁw Tsczgsmtor [22]
using GenAl y &P

Note. All items were rated on a 5-point Likert scale (1 = strongly disagree, 5 = strongly agree); * see an explanation

of the sub-scale in Table 2.
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Table 2. Factor analysis of user attitudes towards GenAl.
Factor 1: Perceived Factor 2: Concerns and
Items -
Usefulness Anxieties
I believe GenAl tools can improve the accuracy of work tasks 0.889 —0.150
I believe that using GenAl tools could save me time and allow
. 0.876 —0.164
me to focus on more important aspects of my work
I believe GenAl tools can help me perform routine work tasks 0.869 —0.196
I trust the results provided by GenAlI tools in my work 0.762 -0.132
I feel uncomfortable about future uses of GenAl in my work — 0.844
I am concerned about the ethical 1mp11cat10ns of using GenAl in 0117 0.788
my profession
I am concerned about beCf)mlng too dependent on GenAl tools 0.278 0.737
in my work
I'believe GenAl tools pose a threat to my job security 0.305 0.675

Note. Factor loadings < 0.10 are suppressed. Extraction Method: Principal Component Analysis. The two factors
accounted for 68.98% of the total variance, with Factor 1 explaining 38.14% and Factor 2 explaining 30.84%.
Eigenvalues were 3.08 and 2.44 for Factors 1 and 2, respectively.

Table 2 presents the factor analysis results for user attitudes toward GenAl, distin-
guishing between perceived usefulness and concerns and anxieties.

2.4. Data Analysis

The data analyses were conducted using IBM SPSS Statistics software (version 28.0).
The analytical procedures encompassed descriptive statistics, exploratory factor analysis
(EFA), Pearson correlations, multiple regression analyses, and tests of moderation and
mediation effects.

2.5. Ethics

This study was approved by the ethics committee of the academic institution where
it was conducted. All participants signed an informed consent declaration prior to their
participation, after being provided with an explanation of the study’s objectives, data usage,
and their right to withdraw at any stage without consequences. The questionnaire was
anonymous, and no identifying information was collected to ensure participants’ privacy
and the confidentiality of the data provided.

3. Results

RQ1: What are the associations between self-reported SRL and attitudes toward GenAI?

Correlation coefficients were calculated to examine the associations between self-
reported SRL using GenAl and attitudes toward GenAl. Each included two key dimensions:
metacognitive strategies using GenAl and personal skills, and perceived usefulness and
concerns and anxieties, respectively. Table 3 presents the correlation coefficients for these
variables, providing an initial understanding of how attitudes toward GenAlI are associated
with self-regulated learning processes.

Table 3. Correlations between attitudes toward GenAl usage and self-reported SRL using GenAl
(N =1259).

Variable 1 2 3 i
1. Perceived Usefulness —
2. Concerns and Anxieties 0.031 —
3. Metacognitive use of GenAl 0.585 ** 0.048 —
4. Personal Skills 0.519 ** —0.035 0.674 ** —

Note. **p < 0.01.
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Table 3 presents the correlation coefficients between self-reported SRL variables and
attitudes toward GenAl. Perceived usefulness showed a significant positive correlation with
both reported metacognitive use of GenAl (r = 0.585, p < 0.01) and perceived personal skills
(r=0.519, p < 0.01). In contrast, concerns and anxieties were not significantly correlated
with reported metacognitive use of GenAl (r = 0.048, p > 0.05) or perceived personal skills
(r=—0.035, p > 0.05).

RQ2: What are the cognitive and personal factors predicting reported SRL and the
perceived metacognitive use of GenAl?

A multiple regression analysis was conducted to identify the cognitive and personal
factors predicting self-reported metacognitive use of GenAl. This analysis assessed the
predictive power of four key factors: learning motivation, perceived usefulness, self-
reported metacognitive learning strategies, and perceived personal skills. Table 4 presents
the regression model, providing insights into how these factors are associated with the
extent to which individuals report engaging in metacognitive strategies when using GenAlL

Table 4. Multiple regression analysis predicting reported metacognitive use of GenAl (N = 1259).

Predictor B SE B t p
Learning Motivation —0268 0.041 0180 —6.593 <0.001
Perceived Usefulness 0.367 0.026 0321 14372  <0.001
Metacognitive Learning Strategies 0.291 0.043 0.181 6.690 <0.001
Personal Skills 0.524 0.024 0.509  21.633  <0.001

Table 4 presents the multiple regression model predicting the reported metacognitive
use of GenAl The model was significant (F(4,1254) = 376.93, p < 0.001), explaining 54.6%
of the variance (R? = 0.546). These results indicate that Learning Motivation, Perceived
Usefulness, reported Metacognitive Learning Strategies, and perceived Personal Skills
are significantly associated with the extent to which individuals reported engaging in
metacognitive strategies when using GenAl

Among the predictors, perceived Personal Skills was the strongest positive predictor
(B =0.524, p < 0.001), followed by Perceived Usefulness (B = 0.367, p < 0.001) and reported
Metacognitive Learning Strategies (B = 0.291, p < 0.001). All predictors were statistically
significant (p < 0.001), indicating a strong association between these factors and the reported
Metacognitive Use of GenAl In contrast, Learning Motivation showed a significant negative
association with the reported Metacognitive Use of GenAl (B = —0.268, p < 0.001). This
negative association emerged within the multivariate model when controlling for perceived
usefulness, personal skills, and metacognitive learning strategies.

3.1. Moderation Analyses

To further explore the complexity of these relationships, a series of moderation anal-
yses were conducted to examine the moderating role of learning motivation, perceived
personal skills, and reported metacognitive learning strategies in the relationship between
perceived usefulness and reported metacognitive use of GenAl The selection of these
moderators is grounded in the theoretical assumption (e.g., [3]) that the translation of
perceived usefulness into active engagement is not automatic but depends on learners’
internal resources. Specifically, these factors were posited to act as catalysts or prerequisites
that enable learners to effectively regulate their interactions with GenAl tools once their
utility is recognized.
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3.2. Learning Motivation as a Moderator

The first moderation model tested whether learning motivation moderates the rela-
tionship between perceived usefulness and reported metacognitive use of GenAl (Table 5).

Table 5. Moderation analysis: interaction between learning motivation and perceived usefulness in
predicting reported metacognitive use of GenAl

Predictor B SE B t p
Constant 1.053  0.406 — 2594  0.010
Perceived Usefulness —0.002 0.119 —0.002 -0.015 0.988
Metacognitive Learning Strategies 0296 0.043 0184 6.828 <0.001
Learning Motivation —0562 0.101 0378 —5.542 <0.001
Personal Skills 0518 0.024 0503 21406 <0.001

Interaction (Motivation x Usefulness) 0.089 0.028 0.425 3.164 0.002

Note. Dependent variable: Reported metacognitive use of GenAl. The interaction term was mean-centered.

As shown in Table 5, the overall model was significant, F(5,1253) = 305.711, p < 0.001,
explaining 55.0% of the variance (R?> = 0.550). The interaction effect was significant
(B =0.089, p =0.002), indicating that learning motivation moderates the association between
perceived usefulness and reported metacognitive use of GenAlL

A simple slope analysis was conducted to probe the significant interaction. The associ-
ation between perceived usefulness and reported metacognitive use of GenAl was positive
and significant at low levels of learning motivation (M — 1 SD), B = 0.306, SE = 0.032,
t=9.589, p < 0.001, 95% CI [0.244, 0.369]. This association was stronger at high levels
of learning motivation (M + 1 SD), B = 0.428, SE = 0.032, t = 13.403, p < 0.001, 95% CI
[0.366, 0.491]. Together, these results show that the positive association between perceived
usefulness and reported metacognitive use of GenAl was stronger at higher levels of
learning motivation.

A moderation analysis was conducted to examine whether perceived personal skills
moderate the relationship between concerns about GenAl and reported metacognitive
use of GenAl This analysis tested whether individuals with higher perceived personal
skills experience a different relationship between concerns about GenAl and their reported
metacognitive engagement with GenAl-based tools (Table 6).

Table 6. Moderation analysis: interaction between perceived personal skills and reported concerns in
predicting reported metacognitive use of GenAl

Predictor B SE B t p
Constant —0.311 0.146 — —2.130 0.033
Perceived Usefulness 0363  0.026 0318 14203 <0.001
Metacognitive Learning Strategies 0290 0.043 0180 6.692 <0.001
Learning Motivation —-0.260 0.040 -0.175 -6.409 <0.001
Personal Skills 0.527 0.024 0513 21.822 <0.001
Concerns and Anxieties 0.058 0.021  0.053 2.798  0.005

Interaction (Concerns x Personal Skills)  0.025  0.018 0.026 1364 0.173

Note. Dependent variable: reported metacognitive use of GenAl. The interaction term was mean-centered.

As shown in Table 6, the overall model was significant, F(6,1247) = 254.02, p < 0.001,
explaining 55.0% of the variance (R? = 0.550). The main effect of concerns and anxieties
was significant (B = 0.058, p = 0.005), indicating a small positive association with reported
metacognitive use of GenAl after controlling for the other predictors. However, the interac-
tion term was not significant (B = 0.025, p = 0.173), suggesting that perceived personal skills
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do not significantly moderate the association between reported Concerns about GenAl and
reported metacognitive use of GenAl.

3.3. Metacognitive Learning Strategies as a Moderator

As metacognitive learning strategies represent a key component of the SRL cycle,
enabling learners to adapt their approach based on ongoing monitoring and evaluation a
moderation analysis was conducted. This analysis tested whether individuals with stronger
metacognitive regulation skills experience a different relationship between concerns about
GenAl and their metacognitive engagement with GenAl-based tools, as presented in
Table 7.

Table 7. Moderation analysis: interaction between reported metacognitive learning strategies and
reported concerns in predicting reported metacognitive use of GenAl

Predictor B SE B t p
Constant —-0292  0.145 — —2.006  0.045
Perceived Usefulness 0.360 0.026 0316  14.096  <0.001
Metacognitive Learning Strategies 0.288 0.043 0.179 6.642 <0.001
Learning Motivation —-0261 0041 0176 —6.438 <0.001
Personal Skills 0.526 0.024 0512  21.732  <0.001
Concerns and Anxieties 0.061 0.021 0.055 2.890 0.004

Interaction (Concerns x
Metacognitive Learning Strategies)

Note. Dependent variable: reported metacognitive use of GenAl. The interaction term was mean-centered.

-0.014 0.020 —-0.014 -0.730  0.465

As shown in Table 7, the overall model was significant, F(6,1247) = 253.53, p < 0.001, ex-
plaining 55.0% of the variance (R? = 0.550). Reported metacognitive learning strategies were
a significant predictor of reported metacognitive use of GenAl (B = 0.288, p < 0.001). The
main effect of concerns and anxieties was also significant (B = 0.061, p = 0.004), indicating a
small positive association with reported metacognitive use of GenAl after controlling for the
other predictors. However, the interaction term between reported concerns about GenAl
and reported metacognitive learning strategies was not significant (B = —0.014, p = 0.465),
indicating that reported metacognitive learning strategies do not significantly moderate
the association between reported concerns about GenAl and reported metacognitive use
of GenAlL

3.4. Perceived Usefulness and Reported Metacognitive Learning Strategies

A moderation analysis was conducted to examine whether reported metacognitive
learning strategies moderate the relationship between perceived usefulness and reported
metacognitive use of GenAl. This analysis tested whether individuals who report higher
levels of self-regulation in their learning processes are more likely to translate their per-
ception of GenAl’s usefulness into reported metacognitive engagement with GenAl-based
learning tools (Table 8).

As shown in Table 8, the overall model was significant, F(5,1253) = 312.45, p < 0.001,
explaining 55.5% of the variance (R? = 0.555). A significant interaction effect was found
between Perceived usefulness and reported metacognitive learning strategies (B = 0.108,
SE =0.031, p < 0.001). A simple slope analysis was conducted to probe this interaction. The
association between perceived usefulness and reported metacognitive use of GenAl was
positive and significant at low levels of reported metacognitive learning strategies (M — 1
SD), B =0.295, SE =0.033, t =9.042, p < 0.001, 95% CI [0.231, 0.359]. This association was
stronger at high levels of reported metacognitive learning strategies (M + 1 SD), B = 0.433,
SE =0.031, t = 13.755, p < 0.001, 95% CI [0.371, 0.495]. Together, these findings indicate
that the positive association between perceived usefulness and reported metacognitive use
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Metacognitive using GenAl

of GenAl was stronger among participants who reported higher levels of metacognitive
learning strategies.

Table 8. Moderation analysis: interaction between perceived usefulness and reported metacognitive
learning strategies in predicting reported metacognitive use of GenAl

Predictor B SE B t p
(Constant) 1.271 0.425 — 2.988 0.003
Perceived Usefulness —0.066 0.125 —0.058  —0.527 0.598
Metacognitive Learning Strategies —0.079 0.113 —0.049  —0.698 0.485
Learning Motivation —0.254 0.041 -0.171  —6.254  <0.001
Personal Skills 0.516 0.024 0.502 21.338 <0.001

Interaction (Usefulness x Metacognitive

. 0.108 0.031 0.494 3.543 <0.001
Strategies)

Note. Dependent variable: reported metacognitive use of GenAl. The interaction term was mean-centered.

A single interaction plot is presented below to better illustrate how learning motivation
and reported metacognitive learning strategies moderate the interaction effect between
perceived usefulness of GenAl and reported metacognitive use of GenAl.

Figure 1 demonstrates that both learning motivation and reported metacognitive
learning strategies moderate the relationship between perceived usefulness and reported
metacognitive use of GenAl. Specifically, individuals with high learning motivation or high
reported metacognitive learning strategies exhibited a sharper gradient, indicating that as
their perception of GenAl’s usefulness increased, their reported metacognitive engagement
with GenAl grew more significantly. Conversely, for individuals with low levels of these
moderators, the relationship was weaker. These findings highlight the importance of
motivation and reported metacognitive regulation in fostering effective engagement with
GenAl-based learning tools.

5.0F High Learning Motivation
Low Learning Motivation
—— High Metacognitive Learning Strategies
——-- Low Metacognitive Learning Strategies
451
401
3.5
3.0f
2.5
1 £ 1 1 1 1 1

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Perceived Usefulness of GenAl

Figure 1. Moderating effects of learning motivation and reported metacognitive learning strategies
on reported metacognitive use of GenAl
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3.5. Mediation Analysis: The Role of Perceived Usefulness

Building on previous findings, we examined whether perceived usefulness mediated
the relationship between learning motivation and reported metacognitive use of GenAl
Given the significant association between learning motivation and reported metacognitive
use of GenAl, this analysis was conducted to determine whether this association oper-
ated partly through perceived usefulness. Specifically, we tested whether the association
between learning motivation and reported metacognitive use of GenAl was partially ex-
plained by perceived usefulness, such that higher learning motivation was associated
with greater perceived usefulness, which, in turn, was associated with greater reported
engagement in GenAl-based metacognitive strategies (Table 9).

Table 9. Mediation analysis: the effect of learning motivation on reported metacognitive use of GenAl
via perceived usefulness.

Effect/Path B SE z P CI95%
Total effect (c): Learning Motivation on Metacognitive Use of GenAl
Learning Motivation — Metacognitive Use of GenAl 0.226 0.027 8.480 <0.001 [0.175, 0.279]
Path a: Effect of Learning Motivation on Perceived Usefulness
Learning Motivation — Perceived Usefulness 0.253 0.030 8.555 <0.001 [0.192, 0.309]
Path b and direct effect (¢): Effects on Metacognitive Use of GenAl
Learning Motivation — Metacognitive Use of GenAl 0.084 0.025 3.359 <0.001 [0.036, 0.135]
Perceived Usefulness — Metacognitive Use of GenAl 0.564 0.021 26.472 <0.001 [0.522, 0.606]
Indirect effect (ab)

Learning Motivation — Perceived Usefulness — Metacognitive Use of GenAI ~ 0.143 0.017 8.152 <0.001 [0.108, 0.177]

Note. Dependent variable: reported metacognitive use of GenAl. Estimates were standardized. The confidence
intervals were 95% bias-corrected percentile bootstrap confidence intervals based on 5000 bootstrap samples. The
final outcome model, including learning motivation and perceived usefulness, explained 34.9% of the variance
in reported metacognitive use of GenAl (R? = 0.349). Learning motivation explained 6.3% of the variance in
perceived usefulness (R* = 0.063).

As shown in Table 9, the mediation analysis indicated that perceived usefulness
partially mediated the association between learning motivation and reported metacognitive
use of GenAl. The total effect of learning motivation on reported metacognitive use of
GenAl was significant, and the direct effect remained significant after perceived usefulness
was included in the model, although it was substantially reduced. The indirect effect
through perceived usefulness was also significant, indicating partial mediation. The final
outcome model explained a substantial proportion of the variance in reported metacognitive
use of GenAl, while learning motivation explained a smaller proportion of the variance in
perceived usefulness.

Figure 2 presents a graphical representation of the mediation model, illustrating
the role of perceived usefulness in the relationship between learning motivation and
reported metacognitive use of GenAl. The figure depicts the relationships tested in the
regression analysis.

As shown in Figure 2, learning motivation significantly predicted perceived usefulness,
which in turn was associated with reported metacognitive use of GenAl. The direct effect of
learning motivation on reported metacognitive use of GenAl (¢’ = 0.084) was smaller than
the total effect (c = 0.226), indicating partial mediation. The R? values indicate that learning
motivation explained 6.3% of the variance in perceived usefulness, while the final outcome
model, including both learning motivation and perceived usefulness, explained 34.9% of
the variance in reported metacognitive use of GenAl This figure visually represents the
mediation model reported in Table 9.
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Figure 2. Mediation model: the role of perceived usefulness in the relationship between learning
motivation and reported metacognitive use of GenAl Note. The figure illustrates the mediating role
of perceived usefulness in the association between learning motivation and reported metacognitive
use of GenAl Solid arrows represent indirect pathways through the mediator, and the dashed arrow
represents the direct pathway controlling for the mediator. Standardized coefficients are reported.
The direct effect (c’) is smaller than the total effect (c), indicating partial mediation.

4. Discussion

This study examined the cognitive and personal factors associated with the self-
reported metacognitive use of GenAl for learning purposes through the lens of SRL. As
these tools become increasingly integrated into learning and professional contexts, under-
standing the internal mechanisms that drive effective engagement is of great importance.
By exploring the interplay between perceived personal skills, learning motivation, and
perceived usefulness, this study offers a comprehensive view of how learners navigate and
regulate their learning in the age of Al. Overall, the findings suggest that effective engage-
ment with GenAl is not merely a matter of technological access or general motivation but is
deeply rooted in the learner’s existing self-regulation framework. The results indicate that
while perceived personal skills and perceived usefulness are the most consistent predictors
of metacognitive engagement, the role of learning motivation is more complex, acting as
both a selective filter and a significant moderator when utility is recognized by learners.

A prominent finding is the central role of perceived personal skills and existing
metacognitive learning strategies in predicting the reported use of GenAl In the regression
model, perceived personal skills emerged as the strongest positive predictor, followed
closely by general metacognitive strategies. This aligns with classic self-regulated learning
theories [3], which suggest that learners with high self-regulatory capabilities are better
equipped to adapt to new learning tools. In the context of GenAl, participants with strong
internal regulation mechanisms tend to “export” their existing metacognitive habits into
their interactions with Al These learners likely use GenAl as a “cognitive partner” for
brainstorming, self-testing, and critical evaluation rather than as a passive information
source. This trend underscores the idea that Al does not replace the need for self-regulation;
rather, it demands high levels of regulation for its informed and effective use.

Learning motivation is recognized in the research literature as an integral core com-
ponent of the SRL process, serving as a central driver that guides the selection and imple-
mentation of learning strategies. According to this approach, high levels of motivation
rooted in self-efficacy beliefs and task-value perceptions enable learners to employ complex
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metacognitive strategies such as planning, monitoring, and reflection, which contribute
to significant improvements in academic achievement [5]. However, the findings of the
present study reveal a complex picture that contrasts with this established positive trend,
indicating that learning motivation is a negative predictor of metacognitive GenAlI use.
Specifically, participants with high learning motivation reported less frequent use of Gener-
ative Al tools, whereas those with lower motivation reported higher levels of engagement
with these tools.

A possible interpretation of this finding is that the negative coefficient of learning
motivation in the multivariate model should not be understood as indicating that motiva-
tion is detrimental to the use of GenAl for metacognition. Rather, the mediation results
suggest that motivation is positively associated with metacognitive GenAl use, partly
through perceived usefulness. Once perceived usefulness was included in the model; part
of the positive variance shared by motivation and metacognitive GenAl use appeared to
be accounted for by perceived usefulness. The remaining unique component of learning
motivation may reflect a more cautious or selective orientation toward GenAl, whereby
highly motivated participants are less inclined to rely on the tool unless they perceive it
as genuinely useful for supporting their learning process. Thus, motivation may operate
indirectly through perceived usefulness while also functioning directly as a regulatory filter
that shapes the quality and nature of engagement with GenAl. In this sense, motivation
does not automatically lead to increased use but may support participants’” use of SRL skills
to critically monitor and evaluate the tool’s outputs rather than passively accepting them.

A theoretical explanation for these findings can be found in recent research highlight-
ing the concern regarding “metacognitive laziness”, a phenomenon in which cognitive
effort is offloaded to the machine in a way that may undermine meaningful learning [23].
Learners driven by a desire for deep understanding and high achievement [24,25] may
perceive GenAl as a potential threat to their cognitive autonomy, explaining their initial
tendency to limit its use. However, when functional usefulness is identified, motivation
becomes a catalyst that supports the active monitoring and critical control of machine
outputs [26]. This trend aligns with studies showing that students who exhibit high en-
gagement in learning monitoring successfully transform Al into a cognitive scaffold that
enhances knowledge rather than merely utilizing it for task completion [27].

The pedagogical value of GenAl tools is further validated by the mediation findings of
this study. This implies that even when high motivation is present, it does not translate into
active engagement with GenAlI unless individuals perceive the tool as having functional
value in advancing their goals. In other words, learners act rationally and strategically;
they choose to invest metacognitive effort in monitoring and control only when they are
convinced that the tool genuinely contributes to the quality of their learning or output. This
insight aligns with the Technology Acceptance Model (TAM) [28], which emphasizes the
centrality of perceived usefulness in technology adoption, and with recent studies showing
that in the context of GenAl, students tend to prioritize system efficiency and derived utility
over the enjoyment of the process itself [29].

The findings also provide insight into potential barriers to use. Concerns and anxieties
were not significantly correlated with reported metacognitive GenAl use and did not signif-
icantly moderate the tested relationships. However, when examined within the controlled
models, concerns showed a weak positive association with reported metacognitive GenAl
use. This suggests that concerns do not necessarily prevent metacognitive engagement
with GenAl but may coexist with more careful and reflective use of these tools. This
finding aligns with research indicating that internal self-regulatory processes provide learn-
ers with academic resilience, enabling them to shift their focus from concerns associated
with technology toward leveraging it to achieve their learning objectives [24]. Essentially,
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metacognitive proficiency may function as a protective factor that allows participants to
evaluate the tool’s efficiency and contribution to learning while also remaining aware of
technological and ethical concerns [29].

4.1. Theoretical Implications

The findings of this study offer several significant theoretical implications for the study
of learning in the digital age. First, this study expands the SRL model by demonstrating
that interaction with GenAlI tools is not equivalent to working with traditional learning
tools. Engagement with these tools requires a complex metacognitive interaction in which
the learner is required not only to plan, monitor, and evaluate their learning process, but
also to regulate the extent to which they rely on outputs generated by an intelligent and
generative system. In this sense, SRL in GenAl environments involves an additional layer
of regulation: deciding when to use the tool’s outputs, when to evaluate them critically,
and when to exercise independent judgment in relation to these outputs.

Second, this extension helps to explain the motivation paradox observed in the present
study. While high motivation is generally associated with greater engagement in learning in
classical SRL models, in GenAl environments it may instead be expressed through greater
caution, selectivity, and control over the use of the tool. Thus, highly motivated participants
do not necessarily use GenAl more frequently; rather, they may regulate their use more
cautiously to preserve cognitive autonomy and depth of learning.

Third, the findings also make a theoretical contribution to the Technology Acceptance
Model (TAM), as they demonstrate that perceived usefulness functions not only as a direct
predictor of engagement with GenAl but also as a partial mediating mechanism in the
relationship between learning motivation and reported metacognitive use. In this way, the
findings extend TAM by positioning perceived usefulness as a mechanism linking learning
motivation with the regulated and metacognitive use of GenAl. However, because the
mediation was partial, the findings suggest that technology acceptance in GenAl environ-
ments is not explained by perceived usefulness alone but also depends on motivational
resources and self-regulatory capabilities.

4.2. Practical Implications

On a practical level, these findings offer several important recommendations. Learn-
ing programs should be designed to help learners recognize the pedagogical value of
Generative Al in their learning processes rather than merely familiarizing them with its
technological features. The implementation of these tools should emphasize their added
value for learners across varying motivation levels, acknowledging that highly motivated
participants may hesitate to adopt technology to preserve learning depth. Furthermore,
developers should integrate self-regulated learning mechanisms within Generative Al
platforms, such as prompts for reflection or monitoring, to assist learners in understanding
how their interaction with the tool fosters personal skill development. Finally, efforts
to integrate GenAl into learning contexts must address adoption concerns by providing
participants with strategies to critically assess the generated content and understand its
limitations, ensuring that the technology serves as a complementary resource that supports
independent thinking rather than replacing it.

4.3. Research Limitations

Despite its significant contributions, this study has several limitations. A primary
limitation is the reliance on self-reported data regarding participants’ use of GenAl, which
may introduce response bias. Such data may also be affected by social desirability, recall
inaccuracies, or participants’ limited awareness of their actual metacognitive behaviors
while using GenAl. Participants’ perceptions of their self-regulated learning behaviors and
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engagement with the tool may not fully align with their actual usage patterns. Furthermore,
as the study captured participants” experiences at a single point in time, it provided limited
insight into how GenAl adoption and metacognitive strategies evolve. Future longitudinal
research could provide a deeper understanding of how learners’ engagement with GenAl
changes as they become familiar with the technology and whether its perceived usefulness
shifts over extended learning periods.

4.4. Future Research

The findings of this study provide a foundation for several promising avenues for fu-
ture research. Longitudinal research could examine the evolution of GenAl usage patterns
and the long-term development of self-regulation strategies as learners achieve greater
technological fluency. Additionally, qualitative studies could offer deeper insights into
the specific decision-making processes of highly motivated learners, exploring whether
their measured approach to GenAl stems from concerns regarding authenticity, fear of
cognitive overreliance, or other underlying academic values. Experimental designs could
further evaluate the effectiveness of targeted educational interventions aimed at fostering
metacognitive skills within Al-integrated environments and identify which instructional
frameworks best facilitate critical and strategic use. Furthermore, comparative analyses
across diverse academic disciplines would clarify how domain-specific demands shape
metacognitive engagement and technology adoption patterns in these disciplines. Finally,
incorporating cross-cultural and socioeconomic perspectives would provide a more com-
prehensive understanding of how social norms and systemic factors influence the global
landscape of Al-assisted learning.

5. Conclusions

The findings of this study provide new insights into the factors shaping the use of
GenAlI within the SRL framework. They demonstrate that technology adoption is not a
linear process driven solely by learning motivation or technological accessibility; rather, it
depends on the interaction between personal skills, perceived usefulness, and the learning
context. This conclusion highlights the necessity of integrating self-regulation development
alongside technological adaptations to ensure that GenAl use supports learning rather than
serving as a substitute for cognitive effort.

Additionally, this study contributes to understanding the conditions required for
the successful integration of these technologies into learning and professional contexts.
The findings suggest that promoting effective use requires more than simply making
tools available; it necessitates support mechanisms that enhance both learners’ perceived
usefulness and their ability to manage their learning independently.
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