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Background and objective: Nursing interns frequently experience psychological distress during clinical training, which may

negatively affect learning outcomes and professional development. Traditional dual-mentor models provide important educational

support but often lack continuous monitoring of interns’ psychological status. This study aimed to develop and evaluate an

Al-enabled dual-mentor psychological support closed-loop system and to examine its effects on nursing interns’ clinical skills,

emotional exhaustion, and internship satisfaction.

Methods: A quasi-experimental pretest—posttest control group design was adopted. A total of 200 nursing interns from a

vocational college in Zhejiang Province, China, were assigned to an experimental group (n = 100) or a control group (n = 100)

using cluster sampling. The experimental group received an Al-enabled dual-mentor psychological support intervention in

addition to routine internship supervision for one semester, while the control group received routine dual-mentor supervision only.

Outcomes included clinical skills performance, emotional exhaustion (MBI-GS), and internship satisfaction. Data were analyzed

using paired z-tests, chi-square tests, and analysis of covariance (ANCOVA).

Results: The proportion of interns achieving excellent clinical skills performance was significantly higher in the experimental
group than in the control group (28.0% vs. 11.0%, x> = 9.82, p = .002). After controlling for baseline scores, the experimental
group reported significantly lower posttest emotional exhaustion (F = 25.34, p < .001) and significantly higher internship

satisfaction than the control group (F = 18.56, p = .008).

Conclusions: The Al-enabled dual-mentor psychological support closed-loop system effectively improves nursing interns’

clinical skills, reduces emotional exhaustion, and enhances internship satisfaction. The system was particularly effective in

identifying early signs of psychological distress and facilitating timely, tiered interventions, serving as a supportive tool that

enhances—rather than replaces—the established dual-mentor framework.
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1. INTRODUCTION

Nursing internship represents a critical stage in the transition
from student to professional nurse and plays an essential
role in the development of clinical competence and profes-
sional identity. During this period, nursing interns are re-
quired to adapt to complex clinical environments, assume

increasing responsibilities, and apply theoretical knowledge
to real-world practice. These demands often place substantial
psychological pressure on interns and may lead to emotional
distress, anxiety, and burnout, which in turn negatively influ-
ence learning effectiveness, clinical performance, and career
commitment.l"? Previous research has shown that nurs-
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ing interns commonly experience role transition difficulties,
heavy workloads, and psychological stress, which are associ-
ated with increased emotional exhaustion and poorer learning
outcomes. >4

Emotional exhaustion is considered one of the core dimen-
sions of burnout among nursing students and newly gradu-
ated nurses. High levels of emotional exhaustion are asso-
ciated with decreased motivation, impaired concentration,
and reduced quality of patient care.’®! Therefore, providing
timely and effective psychological support during internship
is essential for promoting both mental well-being and profes-
sional development among nursing interns.

The dual-mentor system, typically involving a school-based
mentor and a clinical mentor, has been widely implemented
in nursing education to support students’ learning and profes-
sional socialization. This model enables nursing interns to re-
ceive guidance from both academic and clinical perspectives
and has demonstrated positive effects on skill acquisition and
role adaptation.!®! Moreover, dual-mentor models integrat-
ing academic and clinical supervision have been shown to
improve students’ learning experiences and professional de-
velopment.[-81 However, traditional dual-mentor approaches
often rely on periodic communication and subjective obser-
vation, which may limit mentors’ ability to continuously
monitor interns’ psychological status and to identify early
signs of distress.

With the rapid development of artificial intelligence (AI)
technologies, new opportunities have emerged for enhancing
psychological support in educational contexts.[ 19 Al-based
techniques such as emotion analysis, behavioral data mining,
and intelligent alert systems enable continuous monitoring of
learners’ psychological states and facilitate timely, personal-
ized interventions. In nursing education, preliminary studies
suggest that Al-supported platforms may improve learning
engagement and provide individualized support.['’1?] Never-
theless, most existing research has focused on single-function
applications or conceptual frameworks, and empirical evi-
dence regarding integrated Al-enabled psychological support
systems within internship training remains limited.

To address these gaps, this study aimed to develop and evalu-
ate an Al-enabled dual-mentor psychological support closed-
loop system and examine its effects on nursing interns’ clini-
cal skills, emotional exhaustion, and internship satisfaction.

2. METHODS

2.1 Study design
A quasi-experimental pretest—posttest control group design
was employed to examine the effects of an Al-enabled dual-
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mentor psychological support closed-loop system on nursing
interns’ professional skills, emotional exhaustion, and intern-
ship satisfaction.

2.2 Participants and setting

Participants were nursing students from a vocational college
in Zhejiang Province, China, who began their clinical in-
ternships at Wenzhou People’s Hospital and the Affiliated
Hospital of Zhejiang Dongfang Polytechnic in July 2025.

Inclusion criteria were:

(1) first-time participation in clinical internship;

(2) willingness to participate in the study and provision of
written informed consent.

Exclusion criteria were:

(1) history of diagnosed psychiatric disorders;

(2) interruption of internship for more than two weeks during
the study period.

Using cluster sampling, four internship groups were assigned
to the experimental group (n = 100), and four comparable
internship groups were assigned to the control group (n =
100). No significant differences were found between the two
groups in age, gender, academic performance, or baseline
outcome measures (p > .05), indicating baseline comparabil-

1ty.

2.3 Intervention

Both groups received routine dual-mentor supervision, con-
sisting of biweekly offline clinical rounds and monthly online
progress reviews. The experimental group received an Al-
enabled dual-mentor psychological support intervention in
addition to routine internship supervision for one semester
(July—-December 2025). The control group received routine
dual-mentor supervision only.

The intervention was implemented on the Gongxueyun plat-
form and consisted of four integrated functional modules:
data collection and monitoring, Al-based psychological mon-
itoring and risk alert, tiered response, and feedback and op-
timization. The overall system architecture and operational
workflow of the Al-enabled dual-mentor psychological sup-
port closed-loop system are illustrated in Figure 1. As shown
in Figure 1, the system operates through four sequential mod-
ules: data collection establishes the foundation for Al-based
psychological monitoring, which generates risk alerts and
triggers tiered responses, while feedback and optimization
ensure continuous system improvement.
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Figure 1. Architecture and workflow of the Al-enabled dual-mentor psychological support closed-loop system

2.3.1 Data collection and monitoring

Weekly reflective journals, communication texts between stu-
dents and mentors, and internship behavioral data (e.g., task
completion, attendance, and assessment performance) were
automatically collected through the platform to establish
a comprehensive multi-source database for psychological
monitoring.

Published by Association for Health Sciences and Education

2.3.2 Al-based psychological monitoring and risk alert

Based on emotion analysis principles and behavioral indica-
tors, the system continuously analyzed text data and behav-
ioral patterns to estimate interns’ psychological risk levels,
which were subsequently categorized into three levels: low,
moderate, or high. Risk classification was determined us-
ing the following markers: (1) Low risk: negative emotion
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word frequency < 5% in reflective journals and communica-
tion texts, with no negative behavioral indicators (e.g., task
non-completion, absenteeism); (2) Moderate risk: negative
emotion word frequency 5%—15%, or presence of 1-2 neg-
ative behavioral indicators, or self-reported stress-related
keywords (e.g., “tired,” “anxious”); (3) High risk: negative
emotion word frequency > 15%, or > 3 negative behavioral
indicators, or detection of critical psychological markers
(e.g., self-harm ideation, depression-related keywords, ex-
pressed intention to quit). These thresholds were established
through natural language processing (NLP) sentiment anal-
ysis algorithms calibrated against validated psychological
scales and subsequently validated through expert consensus
among 5 nursing education specialists and 3 clinical psychol-
ogists.

2.3.3 Tiered response
For interns classified as low risk, routine monitoring was
maintained without additional intervention.

For those classified as moderate risk, the system automati-
cally delivered psychological support resources (e.g., relax-
ation audio and stress-management materials), and mentors
were notified to provide follow-up support as needed.

For those classified as high risk, both school-based mentors
and clinical mentors received immediate alerts and were re-
quired to conduct timely communication with the interns and,
when necessary, refer them to psychological professionals.

2.3.4 Feedback and optimization

All intervention actions and follow-up outcomes were
recorded on the platform to support continuous evaluation
and iterative optimization of the system.

2.4 Instruments

2.4.1 Clinical skills assessment

A standardized clinical skills assessment developed by the
cooperating hospitals was used. Scores ranged from 0 to 100,
with scores > 85 defined as excellent.

2.4.2 Emotional exhaustion

The emotional exhaustion subscale of the Maslach Burnout
Inventory—General Survey (MBI-GS) was used.l®! The sub-
scale consists of five items rated on a 7-point Likert scale,
with higher scores indicating higher levels of emotional
exhaustion. Cronbach’s « coefficient in this study was
0.86. The MBI-GS is a widely used instrument with well-
established reliability and validity.!'3!

Coping and anxiety-related constructs commonly assessed
in nursing education research include Brief COPE and GAD-
7.114-161 While the MBI-GS was the primary instrument for
this study, the Brief COPE and GAD-7 are frequently em-
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ployed in nursing education research to assess coping strate-
gies and anxiety, respectively. The Brief COPE demonstrates
acceptable internal consistency in Chinese populations (Cron-
bach’s o = 0.75 for the overall scale, with subscale « ranging
from 0.55 to 0.82),['7] and the GAD-7 has shown excellent
reliability (Cronbach’s a = 0.89-0.92) and validity for detect-
ing generalized anxiety disorder in similar demographics.!!>!
These instruments were considered during the study design
phase and inform the broader context of psychological as-
sessment in nursing internship research.

2.4.3 Internship satisfaction

A self-developed internship satisfaction questionnaire was
constructed by the research team based on established theo-
retical frameworks of clinical learning satisfaction, following
a rigorous development process. Initially, 15 items were
generated through literature review and focus group inter-
views with 8 nursing interns and 4 clinical mentors. Content
validity was established by a panel of 5 nursing education
experts (Content Validity Index = 0.91). The scale was then
pilot-tested with 30 nursing interns (not included in the main
study), leading to the refinement of the final 9-item instru-
ment across three dimensions: mentor support (3 items),
personal growth (3 items), and environmental adaptation
(3 items). Items were rated on a 5-point Likert scale (1 =
strongly disagree to 5 = strongly agree). The overall Cron-
bach’s «r coefficient in this study was 0.89.

2.5 Data collection procedure

Baseline data were collected during the first week of intern-
ship, and posttest data were collected one week before the
end of the semester. Clinical skills assessment data were
collected at the end of the internship period.

2.6 Data analysis

SPSS version 26.0 was used for statistical analysis. Descrip-
tive statistics were presented as mean =+ standard deviation
or frequency and percentage. Paired z-tests were used for
within-group comparisons. Chi-square tests were used for
categorical data. Analysis of covariance (ANCOVA) was
conducted to compare posttest outcomes between groups
while controlling for baseline scores. Statistical significance
was set at p < .05.

2.7 Ethical considerations

Ethical approval was obtained from the institutional ethics
committee. All participants provided written informed con-
sent prior to participation, and confidentiality and anonymity
were assured.
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3. RESULTS

3.1 Baseline characteristics

A total of 200 nursing interns were included in the final
analysis (experimental group, n = 100; control group, n =
100). There were no significant between-group differences

Table 1. Baseline characteristics of participants

in demographic characteristics (age and gender) or baseline
outcome measures (emotional exhaustion and internship sat-
isfaction) (all p > .05), indicating that the two groups were
comparable prior to the intervention (see Table 1).

Variables Experimental Group (n=100) Control Group (n=100) Statistic p-value
Age (years, mean = SD) 20.4+£0.8 20.5+£0.9 t=0.82 414
Female, n (%) 86 (86.0) 88 (88.0) ¥=0.19 .662
Baseline emotional exhaustion (mean + SD)  17.02 £ 3.58 16.89 + 3.61 t=0.26 .795
Baseline internship satisfaction (mean + SD)  3.55 £ 0.60 3.57£0.59 =-0.24 810

Notes. Data are presented as mean + SD or n (%). No significant differences were found between groups at baseline.

3.2 Clinical skills performance

At the end of the internship period, the proportion of interns
rated as “excellent” in the clinical skills assessment was
significantly higher in the experimental group than in the
control group (28.0% vs. 11.0%). The between-group differ-
ence was statistically significant based on the chi-square test
(x? =9.82, p = .002) (see Table 2). This rate is consistent
with the baseline performance observed in the control group
(11.0%), reflecting the challenge of achieving high-level
clinical competence under traditional supervision models
without Al-enhanced support.

Table 2. Comparison of clinical skills performance between
groups

Group Total (n)  Excellent, n (%) Ve p-value
Experimental group 100 28 (28.0) 9.82 002
Control group 100 11 (11.0) '

Notes. Excellent clinical skills were defined as a score > 85 on the standardized
clinical skills assessment.

3.3 Within-group changes in emotional exhaustion and
internship satisfaction

Paired t-tests were conducted to examine changes in emo-
tional exhaustion and internship satisfaction from pretest to
posttest within each group.

In the experimental group, posttest emotional exhaustion
scores were significantly lower than pretest scores, whereas
posttest internship satisfaction scores were significantly
higher than pretest scores (both p < .001). In contrast, no
statistically significant changes were observed in the control
group for either emotional exhaustion or internship satisfac-
tion (both p > .05) (see Table 3).

3.4 Between-group comparisons of posttest outcomes
(ANCOVA)

ANCOVA was performed to compare posttest outcomes be-
tween groups while controlling for baseline (pretest) scores.

Table 3. Within-group comparisons of emotional exhaustion and internship satisfaction before and after the intervention

Group Outcome Pretest (mean £ SD) Posttest (mean + SD) t p-value
. Emotional exhaustion 17.02 +£3.58 14.25+3.42 6.21 <.001*
Experimental . . .
Internship satisfaction (mean score) 3.55+0.60 4.05+£0.51 7.08 <.001*
S Emotional exhaustion 16.89 +3.61 16.80 = 3.65 0.41 .682
ontro
Internship satisfaction (mean score) 3.57+0.59 3.58 £0.62 —0.18 .857

Notes. Paired t-tests were used for within-group comparisons. ns = not significant (p > .05). *p <.001.

After adjustment for baseline levels, the experimental group
demonstrated significantly lower posttest emotional exhaus-
tion scores compared with the control group (F = 25.34, p
< .001). In addition, the experimental group showed sig-
nificantly higher overall internship satisfaction scores and
significantly higher scores across all three satisfaction dimen-
sions (mentor support, personal growth, and environmental

Published by Association for Health Sciences and Education

adaptation) than the control group (all p < .01) (see Table 4).

4. DISCUSSION

The present study developed and empirically evaluated an Al-
enabled dual-mentor psychological support closed-loop sys-
tem for nursing interns. Using a quasi-experimental design,
the findings demonstrate that the intervention significantly

45



https://jnepweb.org

Journal of Nursing Education and Practice

2026, Vol. 16, No. 5

improved clinical skills performance, reduced emotional ex-
haustion, and enhanced internship satisfaction among nursing
interns. These results provide empirical support for integrat-

ing artificial intelligence—assisted psychological monitoring
with the dual-mentor model in clinical nursing education.

Table 4. Between-group comparisons of posttest outcomes using ANCOVA

Outcome Experimental Group (mean £ SD) Control Group (mean £ SD) F p-value
Emotional exhaustion 1425 +3.42 16.80 + 3.65 2534  <.001
Internship satisfaction (mean score)  4.05 + 0.51 3.58£0.62 18.56 .008
Mentor support 4.12+£0.58 3.65+0.72 16.23 .009
Personal growth 4.08 £0.53 3.59 +0.68 17.45 .008
Environmental adaptation 3.95+0.61 3.50+0.75 15.87 .010

Notes. ANCOVA = analysis of covariance. Baseline (pretest) scores were entered as covariates.

4.1 Effects of the system on clinical skills development
The results showed that the proportion of interns achiev-
ing excellent clinical skills performance was significantly
higher in the experimental group than in the control group.
This finding is consistent with previous research indicating
that technology-supported learning platforms can enhance
nursing students’ clinical competence and learning engage-
ment.[1% 18]

One possible explanation is that psychological well-being
plays a foundational role in learning effectiveness. High
levels of stress and emotional exhaustion may impair con-
centration, memory, and motivation, thereby hindering skill
acquisition. By providing continuous psychological moni-
toring and timely support, the Al-enabled system may have
alleviated interns’ emotional burden, allowing them to focus
more effectively on clinical learning tasks. This interpre-
tation aligns with Li and Shi’s”®' findings that emotional
exhaustion is negatively associated with work engagement
and performance.

Moreover, the dual-mentor framework ensured that both
school-based mentors and clinical mentors participated in
supporting interns’ learning processes. Previous studies have
shown that structured dual-mentor or mentorship models
contribute to improved role adaptation and skill develop-
ment in nursing students.!®” The present study extends this
evidence by demonstrating that embedding Al-assisted mon-
itoring into the dual-mentor model further strengthens its
educational impact.

4.2 Effects of the system on emotional exhaustion

It is important to emphasize that the Al-enabled system func-
tioned as a supportive tool designed to enhance, rather than
replace, the established dual-mentor framework. The sys-
tem increased the sensitivity and timeliness of psychological
monitoring by identifying early signs of distress that might
be overlooked in traditional periodic supervision, thereby
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enabling mentors to provide more targeted and timely sup-
port.

Emotional exhaustion is a core dimension of burnout and
is highly prevalent among nursing students and newly grad-
uated nurses.>* The present study found that interns in
the experimental group experienced a significant reduction
in emotional exhaustion after the intervention, whereas no
significant change was observed in the control group.

This finding suggests that the Al-enabled closed-loop system
was effective in identifying early signs of psychological dis-
tress and facilitating timely intervention. Unlike traditional
approaches that rely primarily on mentors’ subjective obser-
vation, the system continuously analyzed text and behavioral
data to generate risk alerts, thereby increasing the sensitivity
of psychological monitoring. Similar benefits of automated
or Al-assisted mental health support tools have been reported
in previous studies, including the use of conversational agents
and digital interventions for reducing symptoms of depres-
sion and anxiety.!!!

Furthermore, the tiered response mechanism ensured that in-
terventions were matched to interns’ risk levels, ranging from
automated resource delivery to mentor-led communication
and professional referral. Such a differentiated support strat-
egy is consistent with recommendations from prior research
emphasizing the importance of personalized psychological
interventions in educational settings.[®2!

4.3 Effects of the system on internship satisfaction

Internship satisfaction reflects interns’ overall perceptions
of learning support, professional growth, and adaptation to
the clinical environment. The present study found that in-
terns in the experimental group reported significantly higher
overall satisfaction and higher scores across all satisfaction
dimensions than those in the control group.
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These results indicate that the Al-enabled dual-mentor
system not only addressed psychological needs but also
contributed to a more supportive and responsive learning
environment. Previous studies have shown that mentor-
ship quality and perceived support are key determinants of
nursing students’ satisfaction and professional identity for-
mation.!”-®! By enhancing communication efficiency and
providing timely feedback, the present system may have
strengthened interns’ sense of being supported and valued.

Importantly, the improvement in satisfaction may also be
linked to the observed reductions in emotional exhaustion
and improvements in clinical performance, suggesting a pos-
itive interaction among psychological well-being, learning
experience, and educational outcomes.

4.4 Innovation and practical implications

The primary innovation of this study lies in the integration
of Al-assisted psychological monitoring with an established
dual-mentor model, forming a closed-loop system charac-
terized by data collection, risk alert, tiered response, and
feedback optimization. This approach moves beyond single-
function applications of Al in nursing education and provides
a practical, scalable model for digital transformation.

From a practical perspective, the system was implemented
on an existing educational platform, which minimizes devel-
opment costs and facilitates replication in other vocational
colleges. The findings suggest that vocational nursing pro-
grams may consider adopting similar Al-enabled support
systems to enhance both educational quality and student
well-being.

The model also offers a reference for other health-related
disciplines that face similar challenges in internship stress
management and student support.

4.5 Limitations and future directions

Several limitations should be acknowledged. First, partici-
pants were recruited from a single vocational college and two
affiliated hospitals, which may limit generalizability. Second,
the intervention period covered only one semester; long-term
effects remain unknown. Third, the accuracy of Al-based
emotional analysis depends on algorithm optimization and
data quality.

Future research should involve multi-center studies, longer
follow-up periods, and further refinement of predictive al-
gorithms. Exploring additional outcome indicators, such
as professional identity and retention intention, may also
provide deeper insight into the system’s impact.

Published by Association for Health Sciences and Education

5. CONCLUSION

This study developed and empirically validated an Al-
enabled dual-mentor psychological support closed-loop
system for nursing interns. The system served as an added
supportive tool that enhanced the existing dual-mentor frame-
work by enabling early identification of psychological dis-
tress and facilitating timely, tiered interventions, without
replacing the essential role of human mentorship.

The findings indicate that integrating artificial intelli-
gence—based psychological monitoring with a structured
dual-mentor framework can significantly enhance clinical
skills performance, reduce emotional exhaustion, and im-
prove internship satisfaction. Notably, the Al program was
successful in identifying early signs of stress in students,
thereby instituting appropriate support systems to assist stu-
dents. By embedding continuous data-driven assessment,
tiered response mechanisms, and coordinated mentor inter-
ventions into routine internship management, the proposed
system offers a feasible, scalable, and cost-effective approach
for addressing psychological challenges during clinical train-
ing. This model provides a practical and replicable pathway
for integrating artificial intelligence into vocational nursing
education and contributes evidence for advancing digital
transformation and precision psychological support in clini-
cal education.
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