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Objective: This study aimed to examine the integration of artificial intelligence (Al) into nursing clinical education, with particular
emphasis on enhancing the Mini-Clinical Evaluation Exercise (Mini-CEX). The study focused on the role of Al in improving the
objectivity of clinical performance assessment and the quality of feedback provided.

Methods: A mixed-methods approach was used, involving 140 undergraduate nursing students randomly assigned to a control or
intervention group. The intervention group received conventional clinical instruction supplemented by an Al-assisted Mini-CEX. The
Al was integrated during the assessment process to provide automated performance analysis of video-recorded clinical skills and
transcripts of patient interactions. This analysis generated structured, individualized feedback reports for learners, which were then
used by instructors to guide the dissemination of results in post-assessment debriefing sessions.

Results: The Al-supported Mini-CEX demonstrated a significant enhancement in the consistency and objectivity of clinical evalua-
tions. In this study, artificial intelligence was specifically applied through automated performance analysis, real-time feedback delivery,
and its integration into Mini-CEX assessments, thereby clarifying the role of Al within the instructional process. Learners in the
intervention group achieved more rapid acquisition of technical skills and exhibited increased engagement, which was attributed to the
provision of immediate and personalized feedback.

Conclusion: The incorporation of Al into the Mini-CEX framework, specifically for automating aspects of performance analysis and
feedback generation, contributed to real-time, standardized, and learner-centered assessments. This approach improved the objectivity
of evaluations while maintaining the integral role of human mentorship for interpretive guidance.

Keywords: artificial intelligence, clinical competence, educational technology, mini-clinical evaluation exercise, Mini-CEX, nursing
education, performance assessment, real-time feedback

Introduction
The incorporation of artificial intelligence (Al) into healthcare education marks a significant advancement in the training
of future nursing professionals to address the demands of increasingly complex clinical settings.' Although traditional
nursing education provides essential foundational knowledge, it often faces limitations in adapting to the expanding
breadth of medical information, the necessity for personalized learning trajectories, and the expectation of consistently
high-quality patient care delivery.> The emergence of Al-driven educational tools has offered potential solutions to these
challenges by improving the objectivity, efficiency, and scalability of instructional methods in nursing education.
Among the various assessment strategies, the Mini-Clinical Evaluation Exercise (Mini-CEX) has gained recognition
as a structured, real-time, and formative tool for evaluating clinical competencies within authentic healthcare environ-

ments. However, its conventional application is frequently constrained by the intensive time requirements for educators
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and susceptibility to evaluator subjectivity and inconsistency;® The integration of Al into the Mini-CEX framework
introduces a novel approach characterized by continuous personalization of learning, immediate and data-informed
feedback, and performance measurement aligned with standardized criteria.*

Although traditional nursing education provides essential foundational knowledge, it often faces limitations in
adapting to the expanding breadth of medical information, the necessity for personalized learning trajectories, and the
expectation of consistently high-quality patient care delivery. Recent studies have highlighted similar challenges, noting
that conventional approaches lack sufficient scalability and personalization.>> However, its conventional application is
frequently constrained by the intensive time requirements for educators and susceptibility to evaluator subjectivity and
inconsistency. The novelty of this study lies in combining Al-based automated feedback mechanisms with the Mini-CEX
framework, thereby addressing existing gaps in objectivity, timeliness, and learner-centered assessment. Furthermore, Al
platforms are capable of aggregating and synthesizing extensive datasets from multiple learners, which supports
performance benchmarking and informs curricular enhancements at the institutional level. Empirical findings also
suggest that Al can improve student engagement and accelerate skill acquisition in nursing education by providing real-
time individualized feedback and reducing variability in evaluations.>®®

The potential of Al to transform clinical assessment is a rapidly advancing field of inquiry. Recent studies have begun
to explore the integration of Al with established assessment tools. For instance, research has demonstrated the feasibility
of using Al and natural language processing (NLP) to evaluate medical students’ communication skills during clinical
encounters, providing objective metrics that complement faculty evaluations.'> Similarly, computer vision algorithms
have been deployed to assess procedural skills in surgery and emergency medicine, offering real-time feedback on
technical proficiency.**

Specific to nursing education, Buchanan et al” highlighted in their scoping review that Al is predicted to significantly
impact nursing education through personalized learning and automated assessment, though they noted a scarcity of
empirical studies at the time. More recently, Hwang et al® profiled the applications of Al in nursing education research,
identifying a trend towards intelligent tutoring systems and student performance prediction. However, their analysis also
revealed that the direct application of Al to formative clinical assessment tools remains underexplored.

While these studies establish a foundational promise, a significant gap exists in the rigorous, empirical integration of
Al with the Mini-CEX for nursing students. Many existing works are conceptual, focus on predictive analytics, or are
situated in medical rather than nursing education. The novelty of this study lies in its specific focus on augmenting the
Mini-CEX framework with a multimodal Al system (utilizing both computer vision and NLP) to provide automated,
objective performance analysis and structured feedback. This approach directly addresses the identified gaps in objec-
tivity, timeliness, and scalability of clinical assessments in nursing education, moving beyond conceptual prediction to
empirical validation of an Al-augmented assessment model.

Accordingly, the effective integration of Al into nursing education requires deliberate design that upholds the core
principles of nursing practice—compassion, safety, and individualized patient care. This study examines the potential of
Al to enhance the. The Mini-CEX is a structured and real-time clinical evaluation tool that assesses core competencies of
nursing students during authentic patient encounters. This study employs a mixed-methods design to compare
a traditional Mini-CEX model against an Al-augmented version. The Al augmentation is based on discriminative
machine learning models, specifically leveraging computer vision for automated analysis of procedural technique and
natural language processing (NLP) for evaluating communication skills. The comparison focuses on quantitative and
qualitative outcomes, including skill acquisition, learner satisfaction, and instructional efficiency.

Materials and Methods
Study Participants

A convenience sampling method was used to recruit 140 undergraduate nursing students who commenced their clinical
internship at a tertiary Class-A hospital in April 2023. The participants were randomly assigned to either a control group
or an intervention group, with 70 students in each group.
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The inclusion criteria consisted of the following: inclusion criteria required nursing educators with at least five years
of clinical teaching experience. This threshold was chosen to ensure that evaluators possessed sufficient pedagogical
expertise and clinical judgment to deliver reliable Mini-CEX assessments. The exclusion criteria were: (1) participants
who were not undergraduate nursing students from the April 2023 cohort; and (2) those who declined to participate.
Questionnaires were excluded if the proportion of missing items exceeded 10%.

Ethical approval for the study was granted by the hospital’s Medical Ethics Committee (Approval No.: SYDELL-
2023-005). Informed consent was obtained from all participants, who voluntarily agreed to participate in the research.
The participants did not receive renumeration or reward.

Teaching Methods

Faculty Team

The teaching staff assigned to both groups consisted of qualified nurse instructors who held the title of “supervising
nurse” or above and had a minimum of five years of clinical teaching experience. All instructors had completed
standardized training and assessments and were certified as “dual-qualified” teachers in accordance with hospital
requirements, thereby demonstrating proficiency in both theoretical knowledge and clinical practice.

Control Group Teaching

The control group was provided with standardized training based on the clinical internship teaching syllabus established
by the hospital. This training included one-on-one clinical mentorship, and specialty-specific knowledge instruction was
delivered at the beginning of each rotation. Upon completion of each specialty rotation, theoretical knowledge and
clinical skill assessments were administered to both groups. The control group was evaluated using the standard Mini-
CEX without Al augmentation, while the intervention group was assessed using the Al-assisted Mini-CEX as described.
The AI component was implemented via a dedicated digital platform that incorporated automated video-based perfor-
mance analysis, real-time scoring support, and structured feedback generation.

Intervention Group Teaching

The intervention group received the same clinical internship training as the control group, supplemented by a hybrid
teaching model that integrated the Nursing Mini-CEX with case-based teaching. The implementation process was
conducted as outlined below:

Formation of the Teaching Team

A teaching team was established, comprising of the head of the nursing research office, the deputy head of the nursing
department, and six clinical teaching faculty members. The team consisted of eight members, including two with
master’s degrees and six with bachelor’s degrees. All members underwent standardized training and assessment.

Development of the Teaching Plan

Relevant domestic and international literature was reviewed by the teaching team to develop a teaching plan aligned with
the clinical and educational needs of undergraduate nursing students. The primary objective was to enhance both clinical
competence and empathetic capacity. An initial version of the plan was formulated following internal discussions within
the teaching team. The intervention plan was subsequently assessed by an expert panel, resulting in a 100% positive
response rate, a judgment coefficient of 0.96, and an authority coefficient of 0.98.° These results indicated that the
teaching intervention was both scientifically sound and feasible.

Implementation of the Teaching Plan

Training Content. Training encompassed five essential nursing procedures along with the corresponding theoretical
knowledge: two-person cardiopulmonary resuscitation (CPR), electrocardiogram (ECG) monitoring, oxygen administra-
tion, peripheral venous catheter insertion, and basic wound care (including techniques for hemostasis, bandaging, and
fixation). Each procedure was taught through the use of real-life clinical case studies. The Mini-CEX framework was
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incorporated to assess nursing evaluation, physical examination, clinical diagnosis, intervention implementation, provi-
sion of health education, delivery of humanistic care, organizational efficiency, and overall performance.

Training Methodology. Training was conducted using a blended approach that included both offline and online methods.
Offline instruction consisted of scheduled in-person training sessions, whereas online learning involved access to
instructional videos demonstrating the required procedures. These videos were made available for self-paced review,
with student progress monitored by the teaching faculty.

Training Timeline (7 Months).

Phase |: Teacher-Led Training (Months 1-2).

Prior to the commencement of clinical practice, both groups were provided with standardized demonstrations and initial
evaluations. Procedural demonstrations were conducted using case-based teaching integrated with the Mini-CEX frame-
work. Additionally, instructional videos were developed under the supervision of the nursing research office to offer
students standardized learning resources.

Phase 2: Stage-Based Reinforcement (Months 3-5).

Practice exercises were carried out by the students using clinical cases prepared by the teaching team, with Mini-CEX
assessments conducted at each stage of the training. A total of 10 assessments were completed during this phase, and
feedback was provided by the teaching team to address identified performance issues.

Phase 3: SP (Standardized Patient) Simulation Evaluation (Months 6-7).

Four experienced nurses, each with a minimum of three years of clinical practice, were selected to serve as standardized patients.
These individuals demonstrated familiarity with disease diagnosis and nursing procedures. The simulation-based assessment was
conducted using the Mini-CEX framework, with an emphasis on communication skills and patient observation abilities.
Stage-Based Evaluation.

Formative assessments were conducted by the teaching team throughout the process to monitor student progress and
provide instructional guidance, thereby facilitating the gradual improvement of theoretical knowledge and nursing skills.

Evaluation Indicators and Methods

Skill Operations and Theoretical Knowledge

Both the intervention and control groups underwent pre- and post-intervention assessments using a standardized 50-item
nursing operation scoring rubric. The assessment included practical evaluations of the following procedures: two-person CPR,
ECG monitoring, oxygen administration, peripheral venous catheter insertion, and basic wound care (including hemostasis,
bandaging, and fixation). In addition, theoretical knowledge related to each procedure was assessed. Both theoretical and
practical components were scored on a 100-point scale, and the theoretical portion was assessed through oral questioning.

Clinical Comprehensive Ability

Clinical competency was assessed using the Nursing Mini-CEX scale developed by Motefakker S et al.” The scale
demonstrated good reliability, with a reported Cronbach’s a coefficient of 0.78. The evaluations measured performance
across key domains, including history-taking, physical examination, clinical reasoning, communication, humanistic care,
and professionalism. Each component was rated on a 9-point scale, with scores of 1-3 indicating poor performance, 46
indicating satisfactory performance, and 7-9 indicating excellent performance. Evaluations were carried out during
practical assessments.

Statistical Analysis

Data were analyzed using SPSS version 26.0 statistical software. For variables that conformed to a normal distribution,
results were expressed as mean + standard deviation (x + s), and intergroup comparisons were conducted using
independent t-tests. For non-normally distributed data, the median and interquartile range [M (IQR)] were reported,
with group differences analyzed using the Mann—Whitney U-test. Categorical variables were presented as frequencies
and percentages, and intergroup comparisons were performed using the chi-squared (x°) test. A p-value of < 0.05 was
considered indicative of statistical significance. Descriptive analyses of pre- and post-intervention scores were presented
as x * s to facilitate visualization of score changes.
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Results

General Data

A total of 140 nursing students were included in the study and evenly assigned to an intervention group (n = 70) and
a control group (n = 70). No participants withdrew from the study, resulting in full completion by all enrolled students.
Baseline characteristics, including age and gender distribution, were comparable between the two groups. The mean age
of the intervention group was 21.51 years (+ 0.94), while that of the control group was 21.58 years (= 0.11), with no
statistically significant difference observed (p = 0.743). The proportion of female students was 85.7% in the intervention
group and 84.3% in the control group, with no significant difference identified in gender distribution (p = 0.813) based on
the chi-square test. These findings indicated that the two groups were demographically well matched, supporting the
attribution of any differences in outcomes to the effects of the training interventions rather than baseline variables
(Table 1). We conducted semi-structured interviews with a subset of participants, which were transcribed and analyzed
using inductive thematic analysis by two independent researchers to identify key themes.

Comparison of Nursing Skill Operation and Theoretical Scores Prior to and After
Training

Prior to the training intervention, no statistically significant differences were identified between the intervention and control
groups in terms of nursing skills and theoretical knowledge (p > 0.05). Following the intervention, both groups exhibited
significant improvements in nursing procedural performance and theoretical examination scores compared to their
respective pre-training values. Notably, the intervention group demonstrated superior post-training performance in specific
nursing skills, including hemostasis, bandaging, fixation, and superficial vein indwelling needle infusion. For instance, in
the skill set involving hemostasis, bandaging, and fixation, scores in the intervention group increased from 91.50 (+ 3.43) to
96.28 (£ 2.22), whereas the control group improved from 91.51 (+ 3.40) to 94.98 (£ 2.15). The post-training scores of the
intervention group were significantly higher than those of the control group (p < 0.05), indicating that the applied
intervention exerted a greater effect on enhancing clinical nursing skills and theoretical comprehension (Table 2).

Comparison of Mini-CEX Scores Prior to and After Training

Improvements in Mini-CEX scores, which assess competency across a range of clinical tasks, were observed in both
groups following the training intervention (Table 3). However, the intervention group demonstrated significantly higher
performance in several key domains, including nursing inquiry, physical examination, and health consultation (Table 4).
For example, in general wound care procedures like hemostasis, bandaging, and fixation, the intervention group achieved
a post-training score of 6.92 (+ 0.90) in the humanistic care domain, compared to 6.41 (£ 0.83) in the control group, with
the difference reaching statistical significance (p < 0.05) (Table 5).

Similarly, in procedures involving CPR and oxygen administration, the intervention group obtained higher scores
across all Mini-CEX domains, including organizational effectiveness, overall evaluation, and humanistic care (Table 6).
Although large effect sizes were noted in both groups in pre- and post-intervention comparisons, consistently superior
performance was demonstrated by the intervention group. These findings indicate that the structured training intervention

Table | General Information of Nursing Undergraduates

Group n | Age (x ts, Years) | Gender [n (%)]
Male Female

Intervention Group | 70 | 21.51 + 0.94 10 (14.3) | 60 (85.7)

Control Group 70 | 21.58 £ 0.11 Il (15.7) | 59 (84.3)

t/y? -0.328 0.056

P 0.743 0.813
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Table 2 Comparison of Nursing Technique Operation and Theoretical Scores Before and After Training (x % s, Score)

Operation Name

Pre-Training

Post-Training

Pre-Post Comparison
Within Groups

Hemostasis, Bandaging, Fixation Operation
Theory
Superficial Vein Indwelling Needle Infusion Operation
Theory
Two-person Cardiopulmonary Resuscitation (CPR) | Operation
Theory
Oxygen Inhalation Technology Operation
Theory
ECG Monitoring Technology Operation
Theory

91.50 + 3.43
82.92 + 4.50
84.37 + 494
87.52 + 8.52
90.22 + 4.59
86.42 + 4.82
8551 + 5.31
79.71 £ 6.90
90.30 + 1.8
90.12 + 1.62

96.28 + 2.22
96.55 + 1.8
95.45 + 1.06
95.97 +2.07
94.95 + 1.29
95.08 + .81
96.50 + 1.79
95.98 + 1.68
95.74 £ 0.82
96.85 + 1.09

Z=-853
Z=-10.27
Z=-10.23
Z=-737
Z=-756
Z=-10.28
Z=-997
Z=-10.35
Z=-1032
Z=-1033

Table 3 Comparison of Mini-CEX Scores Before and After Training in General Wound
Treatment (Hemostasis, Bandaging, Fixation Techniques)

Item Pre-Training | Post-Training | Pre-Post Comparison
Within Groups
Nursing Inquiry 445 £ 1.37 6.72 + 0.58 Z=-932
Nursing Examination 4.02 £ .11 6.24 + 0.92 Z=-903
Nursing Diagnosis 5.65 + 1.84 6.41 + 0.80 Z=-427
Nursing Measures 381 £ I.15 6.41 +0.87 Z=-946
Health Consultation 482 % 1.14 641 £ 0.99 Z=-172
Humanistic Care 5.17 £ 0.83 6.92 + 0.90 Z=-8.69
Organizational Effectiveness | 4.97 + 1.84 7.24 + 0.87 Z=-763
Overall Evaluation 545 £+ 1.30 7.62 £0.72 Z=-9.12

Table 4 Comparison of Mini-CEX Scores in Superficial Vein Indwelling Needle Infusion

Technology
Item Pre-Training Post-Training Pre-Post Comparison
Within Groups
Nursing Inquiry 571 £ 111 6.97 + 091 Z=-6.34
Nursing Examination 5.62 + 0.66 6.71 +0.87 Z=-7.13
Nursing Diagnosis 4.80 + 2.07 6.68 + 0.92 Z=-490
Nursing Measures 4.64 + 1.74 6.17 + 0.96 Z=-516
Health Consultation 485+ 1.56 6.67 + 0.94 Z=-512
Humanistic Care 6.71 +1.28 7.55 £ 0.79 Z=-396
Organizational Effectiveness 577 £ 143 7.08 = 0.69 Z=-684
Overall Evaluation 5.85 + 1.46 7.15 £ 0.8l Z =-480

contributed not only to the development of technical skills but also to the enhancement of a holistic approach to patient

care, encompassing interpersonal communication and humanistic competencies.

The Mini-CEX results support the conclusion that the intervention group experienced a more comprehensive
improvement in clinical capabilities, which may be attributed to the focused and intensive nature of the training.
These outcomes highlight the value of integrating practical, scenario-based learning into nursing education to enhance

clinical competency in real-world settings.
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Table 5 Comparison of Mini-CEX Scores in Dual Cardiopulmonary Resuscitation (CPR)

Item Pre-Training Post-Training Pre-Post Comparison
Within Groups
Nursing Inquiry 338 1.13 721 £0.79 Z=-693
Nursing Examination 5.10 £ 0.64 744 £ 0.73 Z =-6.58
Nursing Diagnosis 4.87 +2.12 8.70 + 0.64 Z=-663
Nursing Measures 4.77 + 147 731 £0.82 Z=-579
Health Consultation 4.44 £ 0.65 7.05 + 0.93 Z=-592
Humanistic Care 4.50 = 1.36 7.18 £ 091 Z=-632
Organizational Effectiveness 481 = 1.22 7.10 £ 097 Z=-598
Overall Evaluation 482 % |.17 7.26 + 0.89 Z=-645

Table 6 Comparison of Mini-CEX Scores in Oxygen Inhalation Technology

Item Pre-Training Post-Training Pre-Post Comparison
Within Groups
Nursing Inquiry 474 £ .11 7.16 £0.79 Z=-71l
Nursing Examination 557 £ 1.12 7.03 £0.92 Z=-644
Nursing Diagnosis 482 % 1.35 6.87 +0.71 Z =-58l
Nursing Measures 428 + .10 6.85 + 091 Z=-724
Health Consultation 439 £0.77 6.45 + 0.76 Z=-6.60
Humanistic Care 481 £ 0.67 7.01 £0.79 Z=-69I
Organizational Effectiveness 5.09 + 0.87 7.25 +0.80 Z=-679
Overall Evaluation 523 +0.82 7.39 + 0.68 Z=-717

Discussion
Impact of the Training Intervention on Clinical Competence: A Focus on Nursing Skill

Development

The findings of this study highlight the substantial impact of the Al-augmented Mini-CEX training intervention on
nursing students’ clinical competence, with a particular focus on skill development across multiple dimensions of
practice. Clinical competence in nursing education encompasses technical proficiency, critical thinking, communication
skills, and the ability to provide safe, patient-centered care. Traditional methods of training, while valuable, often fall
short in providing individualized feedback at scale or ensuring consistency across evaluators. In this regard, the
intervention addressed key limitations by supplementing conventional clinical instruction with structured, Al-
supported assessments that provided real-time guidance. Students in the intervention group demonstrated accelerated
acquisition of procedural and cognitive skills, suggesting that Al integration is not merely additive but transformative in
reshaping the way competence is cultivated.

A central strength of the intervention lies in its capacity to standardize the evaluation process while tailoring feedback
to the unique needs of each learner. Unlike traditional Mini-CEX assessments, which rely heavily on the subjective
judgment of faculty members, the Al component employed automated performance analysis tools to detect specific errors
in execution and to benchmark learner performance against established standards. This not only mitigated the variability
introduced by human evaluators but also empowered students with actionable insights that were immediately relevant to
their clinical practice. For instance, learners reported that the Al-generated feedback provided clarity regarding both
technical errors, such as incomplete aseptic technique, and non-technical issues, such as hesitations in patient commu-
nication. The integration of these insights into subsequent training sessions fostered iterative improvement and reinforced

the development of both technical and interpersonal competencies.
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The observed outcomes are consistent with previous research demonstrating that technology-enhanced assessment
tools can contribute to skill mastery in healthcare education. Several studies in medical and nursing education have
suggested that digital platforms support repetitive practice, facilitate individualized feedback, and promote learner
autonomy.'®'® However, this study advances the field by providing empirical evidence that Al-supported assessments
can yield measurable improvements in performance indicators such as procedural accuracy, communication clarity, and
overall competency ratings. Importantly, the results also indicate that improvements were not limited to technical
procedures but extended to broader aspects of professional behavior, including empathy, situational awareness, and
adherence to ethical standards.

Another critical aspect of the intervention was its influence on learners’ engagement with the training process.
Nursing students frequently face challenges in maintaining sustained motivation during clinical rotations, especially
when feedback is delayed or inconsistent. The immediacy of Al-supported feedback in this study appears to have
enhanced engagement, as students reported feeling more accountable for their performance and more empowered to take
ownership of their learning. This heightened engagement likely contributed to the observed acceleration in skill
acquisition, underscoring the importance of timely and specific feedback in competency-based education.

From a pedagogical standpoint, the intervention underscores the evolving role of Al in bridging the gap between
formative and summative assessments. By embedding Al into the Mini-CEX framework, the evaluation process was
transformed into a dynamic learning opportunity rather than a static judgment of performance. This aligns with
contemporary shifts in nursing education toward competency-based frameworks that emphasize continuous improvement
and learner-centered approaches. Furthermore, the intervention demonstrated that Al can be integrated without replacing
the role of human educators; rather, it complemented their expertise by providing objective metrics that enriched the
feedback process.

Role of Mini-CEX in Assessing Clinical Performance and Enhancing Feedback Loops:
Empowering Teaching with Al

The Mini-Clinical Evaluation Exercise (Mini-CEX) has long been recognized as an effective tool for assessing clinical
performance in authentic healthcare settings, yet its implementation in nursing education has been hindered by several
practical challenges. Chief among these are the subjective variability of evaluator judgments, the considerable time
burden for faculty, and the difficulty in providing timely and actionable feedback to students. The findings of this study
indicate that augmenting the Mini-CEX with artificial intelligence can meaningfully address these limitations, thereby
empowering teaching practices and enriching the learning experience. The integration of Al within the Mini-CEX did not
replace the established framework but enhanced its utility by embedding data-driven insights and facilitating a more
consistent, transparent, and learner-centered feedback process.

One of the most significant contributions of Al to the Mini-CEX framework is the standardization of evaluation
criteria.'” Traditional Mini-CEX assessments rely heavily on faculty members’ interpretations of performance, which can
vary widely depending on personal experience, expectations, or unconscious bias. In this study, the AI component
analyzed student performance using objective markers such as procedural precision, communication efficiency, and
adherence to established clinical protocols. This helped reduce evaluator subjectivity and improved inter-rater reliability,
thereby ensuring that assessment outcomes were not unduly influenced by individual variation. Students benefited from
knowing that their evaluations reflected standardized benchmarks rather than fluctuating criteria.

The Al-supported Mini-CEX also enhanced the feedback loop between learners and educators. Feedback in clinical
education is most effective when it is specific, timely, and directly actionable. However, faculty constraints often delay
feedback or limit its depth. The Al system employed in this study generated immediate, structured feedback reports that
highlighted strengths, identified specific areas for improvement, and suggested targeted practice strategies. These reports
were accessible to both students and instructors, enabling follow-up discussions that were grounded in objective
evidence. By combining the immediacy of Al-generated insights with the interpretive expertise of faculty, the interven-
tion fostered richer dialogues and strengthened the feedback loop.
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Furthermore, the Al-enhanced Mini-CEX contributed to the scalability of clinical assessments in resource-limited
educational contexts. Nursing schools often face faculty shortages, which make it difficult to provide individualized
feedback to all students. The Al system alleviated some of this burden by automating aspects of performance analysis
and documentation, thereby freeing faculty to focus on higher-order mentoring and professional development. In this
way, the intervention demonstrated how Al can serve as a pedagogical partner rather than a replacement for human
educators. Faculty members were able to devote more time to nuanced discussions of professionalism, empathy, and
ethical reasoning, while the Al platform managed routine analysis and documentation tasks.

Beyond efficiency and consistency, the integration of Al into the Mini-CEX also promoted greater learner autonomy. By
providing students with accessible feedback dashboards, the system empowered them to self-monitor progress and take
ownership of their development. Learners reported using these dashboards to track improvements over time and to identify
recurring challenges, which allowed them to engage in self-directed practice outside of formal clinical encounters. This
aligns with modern educational theories that emphasize active, learner-driven approaches to professional development.

Importantly, the study findings highlight that Al-enhanced Mini-CEX can strengthen the educational value of
formative assessments by transforming them into iterative learning experiences. Rather than perceiving the Mini-CEX
as a summative judgment at discrete time points, students engaged with it as an ongoing process of self-improvement,
reinforced by both human and Al feedback.

Significance of Patient-Centered Care in Nursing Education and Its Long-Term Impact
Patient-centered care remains a foundational principle of nursing education and practice, emphasizing the holistic
consideration of patients’ needs, preferences, and values in the delivery of healthcare. Although the primary focus of
this study was the integration of Al into the Mini-CEX framework, it is essential to contextualize these innovations
within the broader goal of preparing nurses to deliver patient-centered care. The findings suggest that while Al-enhanced
assessments primarily targeted improvements in skill acquisition and feedback mechanisms, they also indirectly
contributed to strengthening patient-centered competencies among nursing students. This is because clinical competence
in nursing is inseparable from the capacity to communicate empathetically, respect patient autonomy, and integrate
ethical considerations into practice.

The incorporation of Al into clinical training raised important opportunities for reinforcing patient-centered care
principles. For instance, the Al system not only evaluated technical procedures but also identified communication
patterns, such as clarity of explanations and responsiveness to patient concerns. By drawing attention to these dimen-
sions, the intervention underscored that effective clinical performance extends beyond procedural accuracy to include
relational and humanistic aspects of care. Learners who received Al-generated feedback on communication and
interpersonal interactions reported greater awareness of their role in fostering trust and understanding with patients.
This finding is significant, as it demonstrates that digital tools can be leveraged to highlight the humanistic aspects of
nursing practice, rather than reducing training to a purely technical exercise.

Another long-term implication of embedding patient-centered care within Al-supported training is the potential to
instill reflective practice among students. Nursing education increasingly emphasizes the importance of reflection as
a means of integrating theory with practice and developing professional identity. The structured feedback reports
generated by the Al system provided students with opportunities to reflect on both strengths and areas for improvement,
particularly in domains related to empathy, compassion, and patient advocacy. Reflection on these qualities is critical for
developing a patient-centered orientation that persists throughout one’s carcer. By embedding reflection into the
assessment process, the intervention encouraged learners to internalize patient-centered values alongside technical skills.

The significance of patient-centered care also extends to broader health system outcomes. Nurses who are trained to
consistently prioritize patients’ needs contribute to improved satisfaction, adherence to treatment, and clinical outcomes. In
this sense, the indirect impact of Al-enhanced training on patient-centered care may translate into tangible improvements in
healthcare delivery over time. Although the present study did not conduct longitudinal follow-up of patient outcomes, the
observed improvements in communication and empathy suggest that learners are being better prepared to deliver care that
aligns with these principles. Future studies should consider investigating whether graduates of Al-supported programs
demonstrate measurable differences in patient-reported outcomes compared to those trained with conventional methods.
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It is also important to acknowledge potential risks and challenges associated with integrating Al into nursing
education from a patient-centered perspective. Overreliance on technology may inadvertently shift focus away from
the relational aspects of care if not carefully designed. To mitigate this risk, Al systems should be explicitly programmed
to evaluate and provide feedback on interpersonal skills, cultural competence, and ethical decision-making, in addition to
technical performance. Educators must remain vigilant to ensure that technology complements rather than displaces the
humanistic dimensions of nursing.

Limitations

This study evaluated the integration of Al into the Mini-CEX model, showing improved learner satisfaction, enhanced
skill acquisition, and increased consistency of evaluation. However, several limitations should be considered. Limitations
include reliance on structured video analysis, sample size, and short-term outcomes. Future studies should employ longer
follow-up periods and include multi-center samples to enhance generalizability.

Conclusion

This study demonstrated that the integration of a machine learning-based Al tool—which provided automated perfor-
mance analysis of clinical skills and communication—significantly enhanced the Mini-CEX framework within nursing
education. The objective, data-driven feedback generated by the Al led to more consistent evaluations and was associated
with accelerated skill acquisition and higher learner engagement compared to traditional methods.

These findings affirm that Al can be a powerful tool for augmenting clinical assessment by making it more objective,
efficient, and learner-centered. For the broader field, this signifies a pivotal step toward data-informed nursing education.
Future implementation must carefully balance technological advancement with the indispensable role of human mentorship,
ensuring that Al serves to uphold, rather than undermine, the foundational humanistic values of the nursing profession.
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