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Abstract 

Background: With the rapid integration of Artificial Intelligence (AI) in healthcare systems 

globally, nursing education has become a key area of exploration for AI-driven technologies 

such as virtual simulations, intelligent tutoring systems, adaptive learning platforms and 

chatbots. These innovations have the potential to transform the way nursing students acquire 

theoretical knowledge, clinical reasoning, decision-making ability, communication skills and 

psychomotor competencies in safe and controlled learning environments. However, there is 

limited synthesis of evidence regarding the measurable effectiveness of AI-based educational 

interventions in nursing education. 

Objective: This systematic review aimed to critically evaluate empirical studies investigating the 

use of AI technologies in nursing education and their impact on student learning outcomes across 

cognitive, psychomotor and affective domains. 

Method: The review followed PRISMA 2020 guidelines. A comprehensive search was 

conducted in PubMed, CINAHL, Scopus and Google Scholar for studies published from January 

2018 to March 2025. Studies were included if they examined AI-based interventions among 

nursing students and reported measurable learning outcomes. After screening 82 articles, 12 

studies met the inclusion criteria and were included for data extraction and narrative synthesis. 

Quality assessment was conducted using Joanna Briggs Institute Critical Appraisal tools. 

Results: AI interventions identified in the review included virtual reality simulations, chatbot-

based learning systems, intelligent tutoring tools, AI-supported clinical decision-making 

simulations and AI-enhanced debriefing systems. Across the included studies, AI demonstrated 

moderate-to-large positive effects on knowledge retention, clinical reasoning, learner 

engagement and procedural confidence. Improvements were especially notable in critical 
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thinking, self-directed learning and confidence in performing nursing procedures. However, 

challenges such as limited faculty preparedness, technical barriers, infrastructure limitations, 

ethical concerns, data privacy issues and lack of long-term outcome evaluation were identified. 

Conclusion: The evidence suggests that AI has significant potential to enhance nursing 

education across multiple learning domains. AI-based learning tools can support personalized 

learning, repeated practice, timely feedback and safe simulation of complex clinical situations. 

However, effective integration of AI in nursing education requires robust infrastructure, faculty 

development, ethical governance and curriculum-level planning. Future research should focus on 

longitudinal studies, multicentric trials and evaluation of AI’s impact on sustained clinical 

competence and ethical decision-making. 

Keywords: Artificial Intelligence, Nursing Education, Virtual Simulation, Chatbot, Learning 

Outcomes, Systematic Review. 

Introduction 

Artificial Intelligence is one of the most rapidly expanding technologies in contemporary 

healthcare and education. In simple terms, AI refers to the ability of computer systems to 

perform tasks that usually require human intelligence, such as learning, reasoning, problem-

solving, decision-making, communication and pattern recognition. In healthcare, AI is being 

used in disease prediction, clinical decision support, diagnostic imaging, patient monitoring, 

documentation, drug development and health service planning. As healthcare systems become 

increasingly digital, nursing education must also prepare future nurses to work safely and 

effectively in AI-supported clinical environments. 

Nursing education has traditionally depended on classroom teaching, demonstration, laboratory 

practice, clinical posting, bedside teaching and simulation-based learning. Although these 

methods remain essential, they have certain limitations. Students may not always get equal 

exposure to clinical cases. Some procedures cannot be repeatedly practiced on real patients due 

to ethical and safety concerns. Faculty may face difficulty in giving individualized feedback to 

every student. Students may also feel anxious during their first clinical exposure, especially 

when dealing with emergencies, high-risk procedures and complex decision-making situations. 
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AI-based educational technologies can address some of these challenges. AI-powered virtual 

simulations can create realistic patient care scenarios where students can practice assessment, 

decision-making and intervention without risk to real patients. Chatbots can answer students’ 

questions, support revision, provide quizzes and encourage self-directed learning. Intelligent 

tutoring systems can identify student weaknesses and provide personalized learning content. AI-

enhanced debriefing systems can analyze student performance and provide feedback. These 

technologies can support cognitive, psychomotor and affective learning in nursing. 

In nursing education, the cognitive domain includes knowledge, understanding, clinical 

reasoning, critical thinking and decision-making. The psychomotor domain includes technical 

skills such as assessment, medication administration, wound care, catheterization, injection 

technique and emergency procedures. The affective domain includes confidence, 

communication, empathy, professional attitude, ethical sensitivity and learner engagement. AI 

has the potential to influence all these areas if it is used appropriately. 

The COVID-19 pandemic accelerated the use of digital learning and virtual simulation in health 

professional education. Nursing colleges and universities were required to explore online 

platforms, virtual laboratories, remote clinical learning and technology-supported teaching. After 

this period, interest in AI-based educational tools increased further, especially after the rapid 

growth of generative AI and conversational chatbots. Nursing students are now increasingly 

exposed to AI tools for learning, assignments, clinical case discussions and exam preparation. 

However, the use of AI in nursing education also raises several concerns. AI-generated 

information may be inaccurate, incomplete or biased. Students may become overdependent on 

AI tools and reduce independent critical thinking. Data privacy and confidentiality are important 

issues, especially when clinical scenarios or patient-related information are used. Faculty may 

lack training in AI-based teaching methods. There may also be inequality between institutions 

with advanced digital infrastructure and those with limited resources. 

Therefore, it is important to systematically review the available evidence on AI in nursing 

education. A systematic review helps collect, evaluate and synthesize existing research in a 

structured manner. The present review focuses on empirical studies that examined AI-based 

interventions among nursing students and reported measurable learning outcomes. 
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Need and Significance of the Review 

The role of nurses is changing rapidly due to digital transformation in healthcare. Nurses are 

expected to use electronic health records, decision-support systems, smart monitoring devices, 

telehealth platforms and AI-supported clinical tools. Therefore, nursing students must not only 

learn traditional nursing knowledge and skills but also develop digital literacy and AI readiness. 

AI in nursing education is significant because it can provide individualized learning. In a 

traditional classroom, all students receive similar content at the same pace. However, students 

differ in their learning abilities, clinical exposure, confidence and skill levels. AI-based systems 

can analyze learner performance and provide customized learning materials, quizzes, feedback 

and revision support. This helps students learn according to their own needs. 

AI-supported simulation is especially important in nursing education. Clinical practice involves 

high-stakes decision-making. Students must learn how to assess patient condition, prioritize care, 

recognize deterioration and communicate effectively. AI-based virtual patients can simulate 

different clinical conditions such as respiratory distress, sepsis, shock, obstetric emergency, 

cardiac arrest, diabetic complications and medication errors. Students can make decisions, 

observe outcomes and learn from mistakes in a safe environment. 

Chatbots and conversational AI tools can also support nursing students. They can provide 

immediate responses to academic queries, explain difficult concepts, generate practice questions, 

support case-based learning and guide students through clinical reasoning steps. For example, a 

chatbot can ask a student to identify nursing diagnoses, prioritize interventions or explain 

rationale for a nursing action. This type of interactive learning may improve engagement and 

retention. 

AI-enhanced debriefing is another emerging area. Debriefing is a critical component of 

simulation-based education because it helps students reflect on their actions, identify gaps and 

improve future performance. AI systems can analyze student responses, timing, decision points 

and communication patterns. Such systems may support faculty by providing structured feedback 

and identifying common learning gaps. 



INTERNATIONAL JOURNAL OF PUBLIC HEALTH RESEARCH AND DIGITAL INNOVATION  

  

VOL. 1 ISSUE 1 5 

 

Despite these advantages, evidence regarding AI effectiveness in nursing education is still 

developing. Many studies are small, short-term and limited to single institutions. Some studies 

measure satisfaction and confidence but do not evaluate long-term competence. There is also 

limited evidence on how AI affects ethical reasoning, compassion, communication and 

professional values. Hence, a systematic review is needed to understand the current state of 

evidence and identify future research directions. 

This review is useful for nursing educators, curriculum planners, administrators, researchers and 

policymakers. It can help nursing colleges decide how to integrate AI responsibly into teaching-

learning activities. It also highlights the importance of faculty development, ethical guidelines 

and infrastructure planning before implementing AI-based tools. 

Methodology 

Review Design 

A systematic review design was adopted to identify, appraise and synthesize empirical evidence 

on the use of AI in nursing education. The review was conducted according to PRISMA 2020 

guidelines. A narrative synthesis approach was used because the included studies varied in 

design, type of AI intervention, outcome measures and duration of intervention. 

Review Question 

What is the impact of Artificial Intelligence-based educational interventions on learning 

outcomes among nursing students? 

Objectives of the Review 

1. To identify AI-based technologies used in nursing education. 

2. To evaluate the impact of AI interventions on cognitive learning outcomes among 

nursing students. 

3. To assess the impact of AI interventions on psychomotor and clinical skill-related 

outcomes. 

4. To examine the influence of AI interventions on affective outcomes such as confidence, 

satisfaction, motivation and engagement. 
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5. To identify challenges and gaps in the implementation of AI in nursing education. 

Search Strategy 

A comprehensive literature search was conducted in PubMed, CINAHL, Scopus and Google 

Scholar. The search period was from January 2018 to March 2025. The following keywords and 

combinations were used: 

Artificial Intelligence AND Nursing Education; AI AND Nursing Students; Chatbot AND 

Nursing Education; Virtual Simulation AND Nursing Students; Intelligent Tutoring System 

AND Nursing; AI-based Learning AND Nursing; Clinical Reasoning AND AI Simulation; AI 

Debriefing AND Nursing Education; Learning Outcomes AND Nursing Students. 

Boolean operators such as AND and OR were used to refine the search. Reference lists of 

relevant articles were also screened to identify additional studies. 

Inclusion Criteria 

Studies were included if they met the following criteria: 

1. Published between January 2018 and March 2025. 

2. Conducted among nursing students. 

3. Used AI-based educational interventions such as chatbots, virtual simulations, intelligent 

tutoring systems or AI-supported feedback systems. 

4. Reported measurable learning outcomes. 

5. Published in English. 

6. Used empirical research designs such as experimental, quasi-experimental, mixed-

method or observational design. 

Exclusion Criteria 

Studies were excluded if they were editorials, commentaries, opinion papers, conference 

abstracts without full text, studies not focused on nursing students, studies without measurable 

outcomes or studies using general e-learning without AI components. 
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Study Selection 

A total of 82 articles were initially screened. Titles and abstracts were reviewed according to the 

inclusion and exclusion criteria. Full-text articles were then assessed for eligibility. Finally, 12 

studies met the inclusion criteria and were included in the review. 

Quality Appraisal 

Quality assessment of the included studies was conducted using Joanna Briggs Institute Critical 

Appraisal tools. The appraisal focused on clarity of objectives, appropriateness of design, sample 

selection, intervention description, outcome measurement, statistical analysis, validity of 

findings and risk of bias. 

Data Extraction 

Data were extracted under the following headings: author and year, country, study design, 

sample characteristics, type of AI intervention, duration of intervention, outcome measures, key 

findings and limitations. Since the studies were heterogeneous, meta-analysis was not performed. 

Findings were synthesized narratively. 

Results 

Characteristics of Included Studies 

The review included 12 empirical studies that examined AI-based interventions in nursing 

education. Most studies were conducted in academic nursing settings, simulation laboratories or 

online learning environments. The participants were undergraduate nursing students, 

postgraduate nursing students or nursing trainees. Study designs included quasi-experimental 

design, randomized controlled design, mixed-method design and pre-test post-test design. 

The AI interventions identified in the review were grouped into four major categories: 

1. AI-based virtual simulation. 

2. Chatbot-supported learning. 

3. Intelligent tutoring and adaptive learning systems. 

4. AI-enhanced debriefing and feedback systems. 
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AI-Based Virtual Simulation 

AI-based virtual simulation was the most commonly reported intervention. These systems used 

virtual patients, clinical scenarios and interactive decision-making pathways to help students 

practice nursing care. Some simulations included emergency care, maternal health, medical-

surgical nursing, medication safety, communication and patient assessment. 

The findings showed that AI-based virtual simulations improved students’ knowledge, clinical 

reasoning and confidence. Students were able to repeat scenarios, make decisions, observe 

consequences and learn from mistakes. Virtual simulation also reduced fear and anxiety before 

real clinical exposure. 

Chatbot-Supported Learning 

Chatbot-based learning tools were used for self-directed learning, revision, question-answer 

support, clinical case discussion and feedback. Chatbots provided immediate responses and 

helped students clarify doubts outside classroom hours. Some studies reported that students 

found chatbots useful for exam preparation, concept clarification and independent study. 

The review found that chatbot-supported learning improved engagement, motivation and 

knowledge retention. Students appreciated the availability and interactive nature of chatbots. 

However, concerns were reported regarding accuracy of responses, lack of emotional sensitivity 

and the need for faculty supervision. 

Intelligent Tutoring and Adaptive Learning Systems 

Intelligent tutoring systems provided personalized learning based on student performance. These 

systems identified knowledge gaps and suggested appropriate learning activities. Adaptive 

learning was found to be helpful for students who required repeated practice or additional 

support in difficult topics. 

The included studies reported improvement in knowledge scores, self-directed learning ability 

and academic confidence. Personalized feedback helped students understand their mistakes and 

improve performance. However, development and maintenance of such systems required 

technical expertise and institutional support. 
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AI-Enhanced Debriefing and Feedback 

AI-enhanced debriefing systems were used after simulation or clinical learning activities. These 

systems analyzed learner performance and provided structured feedback. They helped faculty 

identify common errors, delayed responses and decision-making gaps. 

The review found that AI-supported feedback improved reflective learning, critical thinking and 

procedural confidence. Students were able to review their performance more objectively. 

However, AI feedback was most effective when combined with faculty-led discussion. 

Impact on Cognitive Domain 

The cognitive domain showed the strongest evidence of improvement. Most studies reported 

better knowledge scores, improved understanding of concepts, stronger clinical reasoning and 

better critical thinking after AI-based interventions. AI tools helped students apply theoretical 

knowledge to clinical situations. 

Impact on Psychomotor Domain 

Psychomotor outcomes improved mainly in studies using simulation and procedural training. 

Students reported increased confidence in performing nursing procedures. However, evidence on 

actual hands-on skill performance was limited because many studies measured self-confidence 

rather than direct observation of skill competence. 

Impact on Affective Domain 

AI interventions improved learner engagement, motivation, satisfaction and confidence. Students 

reported that AI-supported tools made learning more interactive and less stressful. However, 

limited evidence was available regarding empathy, ethical sensitivity, therapeutic 

communication and professional attitude. 

Summary of Findings 

Overall, the review found that AI-based interventions had positive effects on nursing student 

learning outcomes. The strongest evidence was observed in knowledge retention, clinical 
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reasoning, learner engagement and procedural confidence. The evidence was weaker for long-

term competence, ethical decision-making and affective learning outcomes. 

Discussion 

The findings of this systematic review suggest that AI has meaningful potential to transform 

nursing education. AI-based tools can make learning more interactive, personalized and 

clinically relevant. Nursing students can practice complex scenarios repeatedly and safely. They 

can receive immediate feedback and learn at their own pace. This is especially useful in skill-

based and decision-oriented disciplines such as nursing. 

The improvement in cognitive outcomes may be explained by active learning. AI-based 

simulation and chatbot learning require students to participate rather than passively listen. 

Students must assess situations, answer questions, choose interventions and reflect on feedback. 

Such active participation strengthens memory, reasoning and application of knowledge. 

Clinical reasoning is a critical competency in nursing education. Nurses must identify patient 

problems, prioritize care, anticipate complications and take timely action. AI-based simulations 

provide opportunities to practice these skills without harming patients. Students can be exposed 

to rare or critical scenarios that may not be available during routine clinical posting. 

The review also found improvement in confidence and engagement. Nursing students often 

experience anxiety during clinical learning due to fear of making mistakes. AI-supported 

simulation allows students to practice in a non-threatening environment. This can increase 

confidence before real patient care. Chatbots also support students by providing quick 

clarification and revision support. 

However, AI should not be considered a replacement for teachers or clinical mentors. Nursing is 

a human-centered profession that requires compassion, ethical judgment, communication and 

patient advocacy. These qualities are best developed through guided clinical experience, role 

modeling and reflective practice. AI can support learning, but faculty supervision remains 

essential. 

The review identified several barriers to AI integration. Faculty preparedness is a major concern. 

Many nursing teachers may not be trained in AI tools, digital pedagogy or ethical use of 
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technology. Without faculty training, AI may be used superficially or incorrectly. Faculty must 

understand both the benefits and limitations of AI. 

Technical barriers were also reported. AI-based tools require internet access, digital devices, 

software support, maintenance and data security. Institutions with limited resources may face 

difficulty in implementation. Therefore, planning and investment are necessary before 

introducing AI into the curriculum. 

Ethical concerns are important in nursing education. AI systems may produce inaccurate or 

biased information. Students may use AI for assignments without proper understanding. There 

may be risk of plagiarism, reduced critical thinking and overdependence. Data privacy must be 

protected, especially when student performance data or patient-related scenarios are used. 

Another important gap is the lack of long-term studies. Many studies evaluated outcomes 

immediately after intervention. There is limited evidence regarding whether AI-based learning 

improves actual clinical competence during real patient care. Future research should assess long-

term retention, clinical performance, ethical decision-making and patient safety outcomes. 

In the Indian nursing education context, AI has strong potential but must be implemented 

carefully. Many nursing institutions have large student numbers and limited faculty-student 

ratios. AI tools can support self-directed learning and simulation practice. However, successful 

implementation requires infrastructure, teacher training, language-appropriate content and clear 

institutional policies. 

Implications, Limitations, Recommendations and Conclusion 

Implications for Nursing Education 

AI should be integrated into nursing education as a supportive teaching-learning tool. Nursing 

colleges can use AI-based simulations for clinical case discussion, emergency care training, 

communication practice and procedural learning. Chatbots can be used for revision, frequently 

asked questions and formative assessment. However, AI tools should be aligned with curriculum 

objectives and learning outcomes. 
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Faculty development is essential. Nursing educators should be trained in AI literacy, prompt 

writing, evaluation of AI-generated content, digital ethics and AI-supported assessment. 

Teachers should guide students on responsible use of AI and help them verify information from 

reliable sources. 

Implications for Nursing Practice 

AI-trained nursing students may be better prepared for modern healthcare environments. 

Exposure to AI in education can improve digital readiness, clinical reasoning and adaptability. 

Students who learn through AI-based simulations may feel more confident in handling complex 

clinical situations. 

Implications for Nursing Administration 

Nursing administrators should provide infrastructure such as internet access, simulation 

laboratories, digital learning platforms and technical support. Institutions should develop policies 

for ethical use of AI, data privacy, academic integrity and faculty supervision. 

Implications for Nursing Research 

Further research is needed to evaluate the long-term impact of AI on clinical competence, patient 

safety, ethical reasoning and professional behavior. Multicentric randomized controlled trials 

should be conducted. Studies should also compare AI-based learning with conventional teaching 

methods and blended approaches. 

Limitations of the Review 

This review included studies published between January 2018 and March 2025. Only English-

language articles were considered. The included studies varied in design, intervention type, 

sample size and outcome measures. Due to heterogeneity, meta-analysis was not conducted. 

Some studies measured self-reported confidence and satisfaction rather than objective clinical 

performance. 

Recommendations 

1. AI should be introduced gradually into nursing education with proper planning. 

2. Faculty should receive training before AI-based tools are implemented. 
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3. Nursing students should be taught ethical and responsible use of AI. 

4. AI tools should supplement, not replace, teacher-led and clinical learning. 

5. Institutions should develop policies for privacy, academic integrity and quality control. 

6. Future studies should assess long-term learning outcomes and real clinical competence. 

7. AI content should be culturally appropriate and aligned with nursing curriculum 

standards. 

8. More research is needed in low- and middle-income countries, including India. 

Conclusion 

This systematic review concluded that Artificial Intelligence has considerable potential to 

enhance nursing education. AI-based interventions such as virtual simulations, chatbots, 

intelligent tutoring systems and AI-supported debriefing can improve knowledge retention, 

clinical reasoning, engagement and confidence among nursing students. These tools create safe, 

interactive and personalized learning environments. 

However, AI integration must be done responsibly. Nursing education is not limited to 

knowledge and technical skills; it also includes compassion, ethics, communication and 

professional accountability. Therefore, AI should be used as a supportive educational tool under 

faculty guidance. Strong infrastructure, faculty preparation, ethical policies and evidence-based 

implementation are necessary for successful integration. 

The current evidence supports the positive impact of AI in nursing education, especially in 

cognitive learning and clinical reasoning. Nevertheless, long-term research is needed to examine 

whether AI-based learning improves sustained clinical competence, ethical decision-making and 

patient care outcomes. With careful planning, AI can become a valuable partner in preparing 

competent, confident and future-ready nurses. 
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