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Abstract
Background

The integration of artificial intelligence (Al) into nursing education in the digital era underscores the
growing need to enhance Al literacy among nursing students. However, limited research has
systematically examined the factors that influence Al literacy among undergraduate nursing students.

Objective

This study aims to assess the current level of Al literacy among undergraduate nursing students in China
and to investigate whether metacognitive ability mediates the relationship between the learning
environment and Al literacy.

Methods

A convenience sample of 439 undergraduate nursing students was recruited from four universities in
Anhui Province, China, between January and November 2024. The participants completed self-
administered questionnaires designed to assess their demographic characteristics, learning
environment, metacognitive abilities, and Al literacy.

Results

The learning environment exhibited a significant direct effect on Al literacy (B = 0.233, 95% Cl: 0.142-
0.326). Furthermore, metacognitive ability partially mediated the association between the learning
environment and Al literacy (B = 0.417,95% Cl: 0.337-0.503).

Conclusion

These findings indicate that optimizing the learning environment and promoting metacognitive abilities
among nursing students are essential for improving Al literacy.

Highlights
Artificial intelligence literacy among Chinese nursing students was found to be at a moderate level.
The learning environment had a significant direct effect on artificial intelligence literacy.

Metacognitive ability partially mediated the relationship between learning environment and Al literacy.
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Enhancing metacognitive skills can improve students' capacity to acquire artificial intelligence literacy.

Optimizing the learning environment is essential for fostering artificial intelligence competence in
nursing education.

1. Introduction

The rapid advancement of Al, fueled by the ongoing scientific and technological revolution, is
increasingly transforming a wide range of sectors, especially medicine and healthcare. Al has become
increasingly integral to basic medical research, clinical care, and hospital management, driving
advancements in intelligent, precise, and personalized healthcare, and fundamentally reshaping
healthcare service models [1, 2]. The integration of Al and digital technologies is gradually transforming
nurses' approaches to clinical decision-making, patient care, and interprofessional collaboration [3]. As
the future workforce of the nursing profession, nursing students must adapt to evolving technologies,
proactively develop Al literacy, and effectively integrate Al into clinical practice to fully leverage the
opportunities and address the challenges of a technology-driven healthcare landscape [4]. In response to
this shift, nursing education has placed increasing emphasis on the integration of Al technologies, and a
growing body of research is exploring effective strategies for incorporating Al education into traditional
medical curricula [5]. Previous studies indicate that most nursing students show considerable interest in
Al and express confidence in their ability to use Al tools [6].

In this context, nursing educators play a pivotal role by equipping students with Al-related competencies
and enhancing their technical application skills. Additionally, educators should cultivate students' critical
thinking skills, enabling them to make informed, evidence-based decisions in complex and dynamic
clinical environments. Furthermore, the ongoing reinforcement of ethical awareness is crucial to ensure
that students uphold ethical principles and maintain a strong sense of responsibility when applying Al
technologies. This approach is vital for developing well-rounded nursing professionals who have the
innovative capacity to adapt to the evolving demands of the future healthcare sector [7]. Moreover,
educators must guide students to develop a comprehensive understanding of both the potential and
limitations of Al, enabling them to approach Al technologies with critical awareness and to apply them
responsibly. Throughout the educational process, active multidisciplinary collaboration is encouraged,
involving cooperation with experts from engineering, information technology, and other related fields to
promote the effective integration of Al into nursing education. This approach provides nursing students
with a more comprehensive and diverse learning experience, better preparing them to adapt to future
technological advancements in healthcare and ultimately enhancing the overall competitiveness of the
nursing profession [8].

In conclusion, it is the vital responsibility of nursing educators to guide and prepare nursing students to
adapt to the transformative changes introduced by Al technology. Structured education and training
programs should empower nursing students to efficiently and ethically apply Al technologies in clinical
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practice, foster robust professional ethics and clinical judgment, and confidently address the challenges
posed by the increasingly intelligent and personalized evolution of the healthcare sector [9].

Amid the increasing integration of Al into healthcare education, Al Literacy has become a core
competency crucial to both the individual success and professional development of medical students
[10]. Al literacy encompasses the knowledge and skills necessary to critically understand, evaluate, and
utilize Al systems and tools for safe and effective participation in an increasingly digital world [11]. For
healthcare professionals, Al literacy places greater emphasis on the ability to interact effectively with Al
systems and to apply Al tools judiciously in daily healthcare practice [10]. This entails not only
understanding Al-generated content but also critically assessing its accuracy, ethical considerations, and
practical relevance within healthcare settings [12]. Al literacy empowers nursing students to cultivate
adaptive and forward-looking skills, improve their capacity to identify emerging healthcare challenges,
and devise innovative solutions [13]. Furthermore, Al literacy endows students with the skills necessary
to process complex information, manage substantial datasets, and proficiently implement machine
learning methodologies [14].

However, disparities in educational backgrounds, experiences, and cognitive profiles among students
contribute to substantial differences in Al literacy levels across diverse student populations [15].
Therefore, an effective Al program should prioritize scientific rigor while also being tailored to meet
students' specific needs and accommodate their unique cognitive abilities [16].

In light of the foregoing discussion, incorporating psychological dimensions—such as social cognitive
theory (SCT)—into the analysis of Al literacy is of paramount importance. Bandura's social cognitive
theory highlights the dynamic and reciprocal interactions among individual behavior, cognition, and the
social environment, conceptualized as "triadic reciprocal determinism" (see Fig. 1). Cognitive factors
encompass individual cognitive abilities, observational learning capacity, and outcome expectancies,
while environmental factors pertain to the external milieu and socio-cultural context. Behavioral factors
encompass the observable actions that demonstrate an individual's behavioral competencies. These
three factors are characterized by bidirectional interdependence, thus providing a comprehensive
theoretical framework for understanding and advancing Al literacy among nursing students [17].

The learning environment comprises a complex and dynamic interplay among individual, social,
organizational, and physical elements, collectively constituting a contextual field that is intrinsically
linked to both learning processes and the learners. It encompasses not only the hardware and software
resources made available by the institution, but also students' subjective perceptions of the learning
environment as well as their interactions with peers [18]. A supportive learning environment plays a
pivotal role in promoting students' adoption of deep learning strategies. This, in turn, facilitates more
effective acquisition and application of new knowledge, while also strengthening their critical thinking
and capacity for innovation [19]. For undergraduate nursing students, every aspect of the learning
environment—including peers, instructors, and the broader institutional context—exerts a significant
influence on their learning behaviors and the development of essential skills. Supportive peer
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relationships and faculty mentorship have been shown to enhance students' self-efficacy and motivation
for learning, thereby facilitating the acquisition and application of emerging technologies such as Al.
Furthermore, the innovative atmosphere and resource allocation fostered by institutions significantly
influence students' opportunities to acquire Al-related knowledge and competencies. Thus, the learning
environment emerges as a key factor shaping undergraduate nursing students' Al literacy.

Metacognitive ability is defined as an individual's capacity to plan, monitor, regulate, and evaluate their
own cognitive processes [20]. Metacognition plays a pivotal role in cognitive functioning and is primarily
reflected in five domains: promoting intellectual development, increasing the efficiency of cognitive goal
attainment, improving learning proficiency, compensating for limitations in general cognitive abilities,
and fostering self-directed learning [21]. These functions not only enhance learners' capacity to acquire
knowledge and solve problems but also provide a critical cognitive foundation for engaging with
complex learning content, such as Al. Metacognitive skills are essential for undergraduate nursing
students in both academic and clinical settings. Through self-awareness, self-monitoring, and self-
regulation of cognitive processes, students can more effectively identify knowledge gaps, adjust learning
strategies in a timely manner, and continuously evaluate their learning outcomes [22]. This is particularly
critical for adapting to the rapidly evolving and increasingly technology-driven healthcare landscape. As
students encounter continuously evolving Al tools and clinical application scenarios, strong
metacognitive abilities enable them to proactively adapt to new technologies and refine their learning
trajectories—both of which are essential for developing Al literacy. This, in turn, enables them to acquire
Al-related knowledge and skills with greater efficiency and accuracy. Accordingly, metacognition has
been recognized as a critical cognitive determinant in fostering Al literacy among undergraduate nursing
students.

Existing research indicates that students' perceptions of the learning environment significantly influence
their selection and use of learning strategies. Students who perceive strong support and a positive,
stimulating learning environment are more inclined to adopt deep and active learning strategies,
including metacognitive behaviors such as self-monitoring and self-regulation. These adaptive learning
behaviors allow students to adjust their learning pathways in a timely manner, thereby enhancing overall
learning outcomes [23]. This association becomes particularly salient in technology-intensive Al
education, where knowledge evolves rapidly and is marked by substantial complexity. As a result,
students are required to engage in ongoing self-reflection and self-regulation throughout the learning
process. In the context of Al education, educators are expected not only to deliver specialized knowledge
but also to foster a supportive and interactive learning environment. Such an environment facilitates
deeper comprehension and mastery of Al technologies, ultimately strengthening students' capacity to
apply these competencies effectively in clinical practice [24].

The accelerated integration of Al into healthcare underscores the pressing need to enhance Al literacy
among nursing students [25]. However, scholarly research on Al literacy among nursing students
remains relatively limited. Most existing studies concentrate primarily on the technical applications of Al
in clinical decision-making and patient care, whereas broader influencing factors—particularly
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educational and psychological dimensions—have received comparatively less empirical attention. Both
theoretical frameworks and empirical investigations in this field remain underdeveloped, hindering the
systematic innovation of nursing talent development. Therefore, this study aims to assess Al literacy
among nursing students and examine its underlying influencing mechanisms through the lens of SCT.
This study tested the following hypotheses, as illustrated in Fig. 2: (H1) Metacognitive ability and
perceived learning environment are positively associated with Al literacy; (H2) Metacognitive ability
mediates the relationship between the perceived learning environment and Al literacy.

2. Methods
2.1. Study design

A cross-sectional study.

2.2. Setting and participants

A convenience sampling approach was used to recruit 439 undergraduate nursing students from four
universities in Anhui Province—Wannan Medical College, Bengbu Medical University, Anhui University of
Traditional Chinese Medicine, and Anhui University of Medical Sciences—to participate in a questionnaire
survey conducted from January to November 2024. The inclusion criteria were as follows: (a) full-time
enrollment as an undergraduate nursing student, and (b) provision of informed consent and voluntary
participation. Students who, for any reason, did not complete the questionnaire were excluded from the
study.

A descriptive cross-sectional design was employed in this study. Following Kendall's [26]
recommendation, the sample size was set at five to ten times the number of independent variables. A
total of three scales, containing 30 items altogether, were administered, taking into account an
anticipated attrition rate of 20%. Therefore, the minimum sample size was determined to be 360 (N =30
x 5 x[1+20%]). Increasing the sample size beyond this minimum enhanced the stability and reliability of
the analysis of mediating effects.

2.3. Variables
2.3.1. Descriptive information form

The research team developed a self-designed questionnaire tailored to the objectives of the study. This
qguestionnaire included thirteen items covering aspects such as gender, age, grade level, home address,
father's educational background, mother's educational background, average monthly household income,
reasons for choosing the nursing major, experience as a student leader, and other relevant factors.

2.3.2. Al Literacy

The assessment of nursing students' Al literacy was conducted using the Al Literacy Competency Scale,
which was developed by Zhou et al. in 2024 [27]. The scale contains 25 items distributed over four
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dimensions: Al knowledge, Al skills, Al attitudes and values, and Al ethics. Responses are provided on a
7-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree), with higher scores
representing higher levels of Al literacy among undergraduate nursing students. In this study, the scale
exhibited excellent internal consistency, with a Cronbach's a coefficient of 0.976.

2.3.3 Learning Environment Scale

Students' learning environment was evaluated using the Learning Environment Scale, which was adapted
by Zhang in 2021 [28]. The scale includes 11 items spanning three dimensions: school resources,
learning atmosphere, and peer support. ltems were rated on a 5-point Likert scale, from "not at all
conforming" to "fully conforming," where higher scores indicated a more positive perception of the
learning environment among undergraduate nursing students. The scale exhibited excellent internal
consistency in this study, as evidenced by a Cronbach's alpha coefficient of 0.956.

2.3.4 Metacognitive Ability Scale

In this study, the Metacognitive Ability Scale developed by Kang et al. [29] in 2005 was employed to
evaluate the metacognitive ability of undergraduate nursing students. The scale comprises 24 items
distributed across four dimensions: metacognitive planning, monitoring, regulation, and evaluation. Each
item is rated on a 5-point Likert scale, ranging from 1 ("never") to 5 ("always"). Higher total scores reflect
a greater level of metacognitive competence among undergraduate nursing students. In this study, the
scale exhibited excellent internal consistency, as evidenced by a Cronbach's alpha coefficient of 0.98.

2.4. Data collection

Data were collected between January and November 2024 using an electronic questionnaire
administered through an online survey platform (https://www.wjx.cn/). The questionnaire began with an
informed consent form. Participants who provided consent completed all required items following the
instructions, which took approximately 10—15 minutes. To ensure data integrity, only one valid
submission was permitted per IP address. All items were mandatory to prevent missing data, and
questionnaires exhibiting clear response patterns were excluded from the final analysis.

2.5. Ethical consideration

Ethical approval

for this study was obtained from the Ethics Committee of Wannan Medical College (Approval No. LL-
2024BH15).Prior to data collection, participants were informed of the purpose and procedures of the
study by the researcher. The principles of anonymity and voluntary participation were emphasized, and
participants were informed that they could withdraw from the study at any time without penalty. Only
participants who provided written informed consent were granted access to the questionnaire. To ensure
participant privacy and data security, no personally identifiable information (e.g., name, university,
identification number) was collected in the questionnaire.
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2.6. Statistical analysis

Statistical analyses were conducted using SPSS software (version 26.0; IBM Corp., Armonk, NY, USA).
According to the criteria proposed by Curran et al. [30], data were considered approximately normally
distributed when skewness values ranged from - 2 to 2 and kurtosis values ranged from - 7 to 7. In this
study, skewness values of the continuous variables ranged from - 0.016 to 0.437, and kurtosis values
ranged from - 0.915 to 0.616, indicating approximate normality. Descriptive statistics were presented as
mean + standard deviation for continuous variables and as frequencies and percentages for categorical
variables. Independent samples t-tests and one-way analysis of variance (ANOVA) were performed to
assess group differences. Pearson correlation analysis was used to examine associations among the
learning environment, metacognitive competence, and Al literacy. After standardizing all variables,
mediation analysis was conducted using multiple linear regression and Model 4 of the PROCESS macro.
The bootstrap method was applied with 5,000 resamples to generate 95% confidence intervals.
Statistical significance was set at a two-sided p-value < 0.05.

3. Results

3.1. Demographic characteristics

A total of 439 questionnaires were collected, of which 434 were retained after excluding 5 invalid
responses, yielding a valid response rate of 97.8%. Table 1 presents the demographic and study-related
characteristics of the participants. Among the 434 undergraduate nursing students, the majority were
female (76.0%) and younger than 20 years of age (72.8%). Significant differences in Al literacy scores
were observed between students with and without prior Al education (t = -3.127, p < 0.001), and
between those who reported interest in Al and those who did not (t = -5.293, p < 0.001).

3.2 Scores on Learning Environment, Metacognitive Ability, and Al Literacy

The mean total Al literacy score among undergraduate nursing students was 122.82+21.21. Among the
four dimensions, "Al ethics" had the highest mean score (40.41), while "Al knowledge" had the lowest
mean score (14.63). The mean score for the learning environment was 41.84+7.19, and the mean total
score for metacognitive competence was 87.78+14.28. Detailed mean scores for each dimension of
these scales are presented in Table 2.

3.3. Correlations between variables

The means, standard deviations, and correlation coefficients among the study variables are presented in
Table 2. Significant positive correlations were observed between undergraduate nursing students' Al
literacy and the learning environment (r = 0.649, p < 0.001), as well as between Al literacy and
metacognitive competence (r = 0.739, p < 0.001).

3.4. Structural equation model
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In the mediation analysis, the learning environment was specified as the independent variable,
metacognitive competence as the mediating variable, and Al literacy as the dependent variable (Fig. 3).
Significant demographic variables, Al education experience, and interest in Al were included as control
variables in the regression and mediation analyses. The results showed that both the learning
environment and metacognitive competence had significant effects on Al literacy (Table 3). The
inclusion of metacognitive competence in the model increased the explained variance in Al literacy from
44.4% to 58.1%, indicating that metacognitive competence partially mediates the relationship between
the learning environment and Al literacy among undergraduate nursing students. Bootstrap analysis
further confirmed that the learning environment had a significant direct effect on Al literacy (direct effect
=0.233,95% Cl: 0.142-0.326), while metacognitive competence exhibited a significant partial mediating
effect (indirect effect = 0.417, 95% CI: 0.337-0.503)(Table 4).

4. Discussion

The Al literacy among undergraduate nursing students has attracted growing attention from scholars
worldwide. This study examined the learning environment, metacognitive abilities, and Al literacy of
Chinese undergraduate nursing students, and investigated the interactions among these variables. The
study posited that both the learning environment and metacognitive abilities would positively influence
nursing students' Al literacy.

The findings revealed that the mean Al literacy score among undergraduate nursing students was
122.82 +21.21. Notably, within the subdomains, the score for Al knowledge (14.63 + 3.08) was
substantially lower than that for Al ethics (40.41 +7.50).

This is likely attributable to the limited integration of Al-related content within the current medical
curricula and instructional materials. As a result, most undergraduate students receive limited training in
medical Al and lack a comprehensive understanding of its practical applications in healthcare. Notably,
Mousavi et al. [32] reported that students in developed countries generally demonstrate higher levels of
Al knowledge compared to those in developing countries, underscoring the tangible impact of the digital
divide on Al-related competencies. Strategic investments and capacity-building initiatives are crucial to
ensuring that students worldwide develop proficiency in Al applications. Furthermore, the incorporation
of Al into medicine represents not only a technological advancement but also introduces critical ethical
and legal considerations. Yang et al. [33] observe that, due to the inherent emphasis on patient privacy
and medical ethics in nursing, undergraduate nursing students who receive early education in nursing
ethics typically demonstrate a high degree of moral sensitivity. This heightened sensitivity allows them
to navigate ethical decision-making in clinical practice with greater efficacy and fosters the development
of ethical awareness in Al applications. As Al technology becomes increasingly integrated into
healthcare, there is a pressing need for nursing education systems to improve students' Al literacy and
ethical awareness through interdisciplinary collaboration, curriculum reform, and faculty development.
The integration of Al into nursing education resources is crucial for enhancing students' understanding
and practical application of Al technologies.
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This study identified several factors that influence Al literacy among undergraduate nursing students.
Students who had received Al education exhibited significantly higher Al literacy scores, indicating that
Al education plays a pivotal role in enhancing students' Al literacy.

Through a structured program, students can systematically acquire knowledge of Al fundamentals, its
practical applications, and the associated risks [34]. A significant positive correlation was identified
between nursing students' interest in Al and their Al literacy skills. This finding aligns with the results of
Almarzouki et al. [35] and Wood et al. [36]. Wu et al. [37] emphasize that academic interest acts as a
major catalyst for continuous learning and professional development, particularly within the field of
medicine. Cultivating students' interest is essential for enhancing the learning experience and facilitating
better academic achievement [38]. In the present era of rapid advancements in Al, students' keen
interest in this field serves as a driving force, encouraging them to actively acquire Al-related knowledge
and skills. Moreover, this interest motivates students to seek supplementary training and learning
opportunities to further improve their proficiency in Al. Therefore, when designing Al literacy training
programs, educators should implement instructional strategies that actively engage and stimulate
students' interest in Al. Such approaches can effectively enhance students' learning motivation and
promote the development of their professional competence [39].

The findings of this study largely support the hypothesis that the learning environment exerts both direct
and indirect influences on Al literacy. The educational climate within an institution significantly affects
the quality and effectiveness of nursing education [40]. Given the unique demands of nursing education,
students are required not only to have a solid foundation in medical theory but also to continuously
develop their technical skills and foster humanistic care practices. Incorporating Al-related coursework
and practical experiences into the educational environment can better equip nursing students with the
competencies required for the future healthcare landscape [24]. Xu et al. [41] emphasized that
supportive and resource-rich learning environments offer students essential theoretical knowledge and
practical experience, thereby playing a crucial role in their career development and personal growth. A
supportive learning atmosphere and a positive social environment can stimulate students' motivation
and increase their engagement in learning [42-43]. Liu et al. [44] demonstrated that students' positive
perceptions of the educational environment foster higher levels of learning engagement. Furthermore, a
favorable learning environment fosters students' interest in learning, clarifies learning objectives,
promotes the adoption of effective learning strategies and efficient time management, and enhances
concentration throughout the learning process. When students exhibit high levels of learning motivation,
they are more likely to actively explore and acquire proficiency in emerging technologies, including Al.
This, in turn, strengthens both their foundational knowledge and practical application of Al.
Consequently, educational institutions should continue to promote the seamless integration of cutting-
edge technologies, such as generative Al, into nursing education by fostering supportive and innovative
learning environments [45].

This study revealed that the learning environment influences Al literacy among undergraduate nursing
students, with metacognitive ability acting as a mediating factor. Metacognitive ability is a key

Page 11/20



component of self-regulated learning, encompassing planning, goal setting, organization, self-
monitoring, and self-assessment throughout the process of knowledge acquisition [46].

Supportive learning environments and positive social interactions encourage students to engage in
reflection, actively self-monitor, and assess their progress throughout the learning process, thereby
effectively promoting metacognitive regulation. Gou et al. [47] observed that various educational factors
—including the campus environment (e.g., hardware facilities and institutional support), faculty-related
elements (such as instructional investment, teaching methods, and effectiveness), and student-related
factors (such as learning experience, satisfaction, and outcomes)—can all influence students' self-
regulation in online learning settings. Enhancing metacognitive ability allows students to more
effectively regulate and optimize their own learning processes, which in turn improves learning
outcomes [48]. EI-Sayed et al. [13] noted that metacognitive ability can help students identify and
understand core concepts and skills in Al learning, comprehend their applications and social impacts,
and critically assess the effectiveness, strengths, weaknesses, and potential limitations of Al tools.

By self-monitoring and adjusting their learning strategies, students are able to promptly identify issues in
the use of Al technologies and implement appropriate modifications.

The findings of this study indicate that both the learning environment and metacognitive ability play a
significant role in fostering the development of Al literacy. This highlights the necessity for nursing
educators to emphasize not only the delivery of technical knowledge but also the creation of supportive
environments that foster reflection and autonomous learning among nursing students within the context
of Al education. Consistently guiding students in self-monitoring and self-assessment throughout the
learning process helps them acquire knowledge more effectively and facilitates the development of
metacognitive ability. This interactive approach enables students to adapt more quickly and make
informed decisions when faced with emerging technologies.

5.Limitation

This study has several limitations. Firstly, it heavily relied on self-reported data, which may be prone to
subjectivity and recall bias. To enhance the reliability of future research, it is recommended that a more
diverse sample be included and objective measures incorporated. Additionally, although the cross-
sectional design facilitates the identification of associations between variables, it is limited in its
capacity to infer causality. Given the rapid advancement of Al technology, students' Al literacy levels may
evolve over time. Therefore, longitudinal studies are recommended to further investigate the interactions
and trends among variables such as Al literacy, the learning environment, and metacognitive abilities.
Furthermore, qualitative research methods, such as interviews, could provide deeper insights into
undergraduate nursing students' attitudes toward and perceptions of Al.

The participants in this study were Chinese undergraduate nursing students, and thus, the findings may
be constrained by the particularities of the local educational system and cultural context. To improve the
generalizability of the results, future studies should seek to expand the sample size by including
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participants from diverse geographical and educational backgrounds. Furthermore, exploring the effects
of specific contextual factors—such as institutional support and clinical exposure to Al technologies—
could provide valuable insights for the development of targeted nursing education interventions, thereby
enhancing the global applicability of these programs.

6.Conclusion

This study demonstrated that the learning environment significantly influenced Al literacy among
undergraduate nursing students, with metacognitive skills mediating this relationship. The future of
nursing education necessitates the ongoing optimization and enhancement of the learning environment.
Importantly, it also underscores the systematic development of metacognitive abilities, enabling
students to effectively learn and apply Al technologies. These educational reforms cultivate a new
generation of nurses equipped with technological resilience and critical thinking skills, enabling them to
confidently tackle challenges in an increasingly technology-driven healthcare landscape. This study
provides a novel theoretical perspective for the future of nursing education, while expanding both the
theoretical framework and practical approaches to Al integration in nursing.

Implications for nursing students

Given the accelerating integration of Al in healthcare, this study highlights critical implications for
nursing students in the digital age. Firstly, as the findings revealed a significant direct relationship
between the learning environment and Al literacy, nursing students should proactively engage with
enriched educational settings that support digital learning and technological exploration. Moreover,
because metacognitive ability was shown to partially mediate this relationship, students are encouraged
to develop skills such as self-monitoring, reflective thinking, and adaptive learning strategies. These
abilities not only enhance academic performance but also empower students to critically evaluate and
apply Al tools in clinical practice. Therefore, by fostering a positive learning environment and
strengthening metacognitive capacity, nursing students can better prepare for the Al-driven
transformation of the healthcare system. Ultimately, nursing education programs should integrate Al
content and metacognitive training into curricula to support students' readiness for future clinical
challenges.
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