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Abstract

:

The advent of artificial intelligence (AI) has prompted the introduction of novel digital technologies, including mobile learning and metaverse learning, into nursing students’ learning environments. This study used text network and topic modeling analyses to identify the research trends in generative AI in nursing education for students and patients in schools, hospitals, and community settings. Additionally, an ego network analysis using strengths, weaknesses, opportunities, and threats (SWOT) words was performed to develop a comprehensive understanding of factors that impact the integration of generative AI in nursing education. The literature was searched from five databases published until July 2024. After excluding studies whose abstracts were not available and removing duplicates, 139 articles were identified. The seven derived topics were labeled as usability in future scientific applications, application and integration of technology, simulation education, utility in image and text analysis, performance in exams, utility in assignments, and patient education. The ego network analysis focusing on the SWOT keywords revealed “healthcare”, “use”, and “risk” were common keywords. The limited emphasis on “threats”, “strengths”, and “weaknesses” compared to “opportunities” in the SWOT analysis indicated that these areas are relatively underexplored in nursing education. To integrate generative AI technology into education such as simulation training, teaching activities, and the development of personalized learning, it is necessary to identify relevant internal strengths and weaknesses of schools, hospitals, and communities that apply it, and plan practical application strategies aligned with clear institutional guidelines.
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1. Introduction


Nurses play multiple essential roles as educators and connectors in clinical care, public health, and social services across various professional levels in a wide range of settings, including schools, hospitals, and communities [1,2]. Major societal shifts, such as the rapid spread of communicable diseases, accelerated population aging, growing concerns about health equity issues, and the development and adoption of new technologies will change the practice environment for nurses [2]. For nurses to adapt to these changing trends, it is important to ensure the quality of nursing education [1]. Therefore, nursing education needs strategies to adopt the changing social and healthcare trends [3], while also improving the quality of education.



Technological advancements have a significant impact on society and are changing faster than ever [4]. To keep up with the pace of technological advances in healthcare, nursing education needs to balance teaching with the current needs and future expectations of students in academia and nurses in clinical settings [5]. Nursing education can be broadly defined as education provided by nursing educators to nursing students, nurses, and patients. Therefore, it is necessary to provide a wide range of educational opportunities, such as those involving wearable devices, big data (including patient data), and analytics, and increase patient engagement and empowerment to enhance professional information skills [5,6].



The emergence of new technologies brings about the possibility of changes in teaching delivery methods, improving existing teaching methods, and developing novel teaching methods [4]. The learning environment is evolving with technological advancements, incorporating innovative methods like flipped and blended learning to enhance educational outcomes both inside and outside the classroom [7,8,9]. These approaches promote personalized and collaborative learning, opening new possibilities for students [4,7]. In nursing education, mobile and flipped learning are increasingly utilized, with an ongoing exploration of artificial intelligence (AI) applications to further enhance these methods [10,11]. Additionally, simulation and multimedia tools are being integrated into virtual settings, such as metaverse environments, which have been shown to improve nursing students’ knowledge, self-confidence, and performance compared with traditional teaching methods [12].



Generative AI is a computational technique that can generate seemingly new content, such as text, images, and audio, from training data [13]. Among generative AIs, the emergence of Chat Generative Pretrained Transformer (ChatGPT), a text-based language model, has increased the use of AI technology in various fields [14]. ChatGPT was launched by OpenAI in November 2022, and has undergone continuous development, leading to the release of GPT-4 [15]. The public release of ChatGPT has enabled many people to utilize generative AI in their daily lives, attracting considerable attention to the tool’s capabilities, potential applications, and the innovative changes it could bring across various fields [16]. This release has also shifted perceptions of traditional AI tools.



A systematic literature review of nursing education using ChatGPT found that the tool was utilized in the fields of academic writing, healthcare simulation, and data modeling, with reports indicating that the use of this technology has positive effects on personal development, such as critical skills [17]. On the other hand, concerns have emerged regarding several ethical issues, such as plagiarism, the generation of incorrect or misleading information, bias, and lack of privacy and data security [14,17]. Additionally, there is concern about the potential for excessive reliance on technology in educational settings [17]. Accuracy and reliability in nursing education are linked to patient safety and play a crucial role in the provision of high-quality healthcare services [18]. Therefore, it is necessary to establish actionable strategies that will guide the use of these generative AI tools ethically, with the ultimate goal of utilizing this technology to improve the quality of nursing practice and education [19]. However, the existing literature focuses on AI and nursing education or ChatGPT and its application in nursing student education [6,17,20].



For nursing educators to safely and effectively integrate generative AI technology into their education, it is necessary to consider a broad range of possible learning environments (such as schools, hospitals, and communities) and diverse learners. Thus, it is important to review research topic trends in nursing education using generative AI for students and patients in schools, hospitals, and community settings. Additionally, by exploring the strengths, weaknesses, opportunities, and threats (SWOT) of using generative AI in current nursing education, this study provides an overview of internal and external factors, which can suggest future research directions. Furthermore, ego network analysis using SWOT words provides a comprehensive understanding of the factors that impact integrating generative AI technology in education [21]. Therefore, this study aimed to explore research trends in the use of generative AI in nursing education through text network analysis and ego network analysis focused on SWOT.




2. Materials and Methods


This study used text and ego network analyses to explore the core keywords and research topics on generative AI in nursing education. The analysis was conducted using Netminer [22].



2.1. Data Search and Collection


The literature was searched in five electronic databases (PubMed, CINAHL, Embase, Web of Science, and Scopus) using search terms. Search terms were constructed by combining keywords such as “generative AI”, “large language models”, and “nursing” using Boolean operators. A total of 392 articles were retrieved from the five databases, with 171 duplicates, and 82 articles without abstracts were removed; 139 studies were finally included in the analysis (Figure 1). All selected literature was published between 2023 and 2024, with 101 articles (72.7%) published in 2024.




2.2. Data Preprocessing


We identified the selected literature by obtaining information on the author, year, title, journal, type, language, and abstract from the databases. The abstracts were used in the analysis because they provide similar information in fewer words compared to full-text literature [23]. For data analysis, all letters in the abstracts of the selected studies were converted to lowercase, and 1555 nouns were identified to create a user dictionary [22]. First, a defined word dictionary was established to identify significant terms that are not generally recognized as nouns; for instance, “augmented reality” was specifically designated as a noun. Second, a thesaurus dictionary was created to standardize variations of terms, ensuring that expressions like “multiple choice questions”, “multiple choice question”, “multiple choice options”, “mcqs”, and “mcq” were consistently represented as “mcqs”. Finally, a stopwords dictionary was compiled, including words such as “nursing” and “generative ai”, which were used for literature search terms, such as “DALL-E”, “Gemini”, and “ChatGPT”; common section headers like “background”, “results”, and “conclusion” found in the study abstracts; country names; and meaningless words. For the creation of the user dictionary, the words included in the analysis were independently generated by each author, after which alignment between the two dictionaries was reviewed, revised, and refined. The entire process of dictionary creation was completed through discussion and consensus between the two authors.




2.3. Text Network Analysis


After data preprocessing and dictionary application, we identified 1319 keywords. The keywords were identified using term frequency and term frequency-inverse document frequency (TF-IDF). TF-IDF is a value that takes the inverse of the word frequency, which decreases as a particular word is used in many documents [24]. A higher TF-IDF value indicates important meaning in the document [25]. The document–word network was transformed into a word–word 1-mode network for the network analysis. A word refers to a node and relationships between words are expressed as links [22]. An ego network examines relationships between words and is centered on words [26]. An ego network analysis was conducted to identify the research trends centered on the SWOT in the literature on the use of generative AI in nursing education. After entering the keywords “strength”, “weakness”, “opportunity”, and “threat”, the keywords connected to them were identified, and the top 30 words were derived by applying weights based on the network between the keywords.




2.4. Topic Modeling and Ego-Network Analysis


Topic modeling was performed using Latent Dirichlet Allocation (LDA) analysis. LDA is a probabilistic model used to discover hidden topics in documents [27]. The analysis used parameters related to topics: k represents the number of topics, and α (estimating document–topic density) and β (estimating topic–word density) were also used [28,29]. To obtain the results for coherent topics, a topic modeling evaluation tool in Netminer was used to determine the number of topics with the highest coherence score (c_v measure) [22]. The value of c_v is between 0 and 1, and the closer it is to 1, the more cohesive the topic. To determine the optimal number of topics for analysis, α and β values were set between 0.01 and 0.02, and the coherence score was calculated. The analysis revealed the highest c_v value when the number of topics was 7 (α = 0.01, β = 0.01, c_v = 0.702), followed by 9 topics (α = 0.02, β = 0.02, c_v = 0.650; α = 0.01, β = 0.02, c_v = 0.633). To explain the meaning of the selected seven topics, we reviewed the literature assigned to each topic.





3. Results


3.1. Keyword Structure of Nursing Education Using Generative AI


The top 30 keywords, according to frequency and TF-IDF, are listed in Table 1. The keywords with the highest frequency were “student”, “use”, “healthcare”, “question”, and “health”, whereas the order of highest scores in TF-IDF was “virtual”, “learning outcomes”, “strength”, “threat”, and “mcqs (multiple-choice questions)”.




3.2. Topic Modeling on the Research of Nursing Education Using Generative AI


As a result of the evaluation for topic modeling, the highest c_v coherence score was 0.702 when the number of topics was seven (α = 0.01, β = 0.01). The main keywords of Topic 1 were “healthcare”, “use”, “science”, “application”, and “future”, and Topic 1 was named “usability in future scientific applications” (Figure 2; Table 2). Topic 2 (application and integration of technology) included keywords such as “application”, “integration”, “healthcare”, “technology”, and “challenge”. Topic 3 consisted of keywords like “student”, “skill”, “simulation”, “healthcare”, and “learning”, and was named “simulation education”. Topic 4 was the least distributed (5.7%) of the seven topics, with “image”, “participant”, “student”, “text”, and “score” as the main keywords, and was labeled “utility in image and text analyses”. Topic 5 (performance in exams) included keywords such as “question”, “exam”, “accuracy”, “answer”, and “performance”. Topic 6 had the highest distribution among the derived topics (28.8%) and was named “utility in assignments” with the keywords “student”, “use”, “learning”, “educator”, and “practice”. Finally, Topic 7 embedded keywords such as “health”, “patient”, “healthcare”, “care”, and “information”, and was labeled as “patient education” with the keywords.



These seven topics were categorized as educational elements. Topics 1 and 2 corresponded to “educator”; Topics 3, 5, and 6 were related to “student”. Topics 4 and 5 were categorized as “data” and “patient”, respectively.




3.3. Ego Network Analysis with Strength, Weakness, Opportunity, and Threat


As a result of the ego network analysis using SWOT words, the keywords associated with “strength” were “use”, “healthcare”, “risk”, “task”, and “student”; the keywords associated with “weakness” were “use”, “healthcare”, “risk”, “strength”, and “opportunity”; the keywords associated with “opportunity” were “use”, “healthcare”, “student”, “application”, and “educator”; and the keywords associated with “threat” were “use”, “healthcare”, “opportunity”, “student”, and “risk”, in that order (Table 3). Figure 3 visualizes the ego network analysis by focusing on “strength”, “weakness”, “opportunity”, and “threat”, and the common keywords across the four categories were “healthcare”, “use”, and “risk”. The keywords “task” and “student” were common between “strength” and “opportunity”; keywords such as “practice”, “integration”, and “training” were related to “opportunity”.





4. Discussion


This study investigated research trends in nursing education using generative AI through text and ego network analyses, focusing on SWOT elements. Using LDA topic modeling, seven key topics were identified, as follows: usability in future scientific applications, application and integration of technology, simulation education, utility in image and text analysis, performance on exams, utility in assignments, and patient education. These topics were categorized into four elements of nursing education, as follows: educators (Topics 1 and 2), students (Topics 3, 4, and 5), patients (Topic 7), and data (Topic 4).



The first element, “educator”, was linked to Topics 1 (usability in future scientific applications) and 2 (application and integration of technology), comprising about 30% of the literature. These topics included keywords highlighting the educator’s perspective on the future use of technology in healthcare education. The derived topics were integrated with ego network analysis centered on SWOT, revealing that generative AI is largely viewed as an “opportunity” in nursing education. In contrast, keywords related to “strength”, “weakness”, and “threat” were less prominent in the literature, suggesting limited discussion on these aspects. As “opportunity” is an external factor in the SWOT framework [30], the limited focus on “threat” (external factor) and “strength” and “weakness” (internal factors) indicates that these areas remain relatively underexplored in nursing education. Recent studies have highlighted potential threats, such as ethical and legal concerns, and weaknesses, such as AI hallucinations [31,32]. In the field of education, potential risks have been highlighted regarding the use of technology, including reduced opportunities for students’ critical thinking, decreased interaction and collaboration, the production of misinformation, issues of academic integrity, and risks of plagiarism and copyright infringement [33,34]. Barriers to the application of technology in education include educators’ resistance and lack of institutional support [33]. Therefore, to safely and effectively implement technology in nursing education, hospitals and educational institutions should assess both internal and external factors, and develop strategic, proactive approaches to integrate these technologies. To this end, it is necessary for educational institutions to establish comprehensive and clear guidelines for generative AI-based education to guide educators and students [34]. Educators should consider the weaknesses of technology related to issues like academic integrity and plagiarism, and plan teaching methods that safely leverage the strengths of technology in alignment with educational institutional guidelines and support.



The second element, “student”, was linked to Topics 3, 5, and 6, accounting for over 50% of the literature. Among these, Topic 6 (utility in assignments) represented the highest proportion at 28.8%, followed by Topic 3 (simulation education) and Topic 5 (performance in exams). These findings align with a scoping review on generative AI, which explored its potential roles in medical education, such as self-directed learning, simulation scenarios, and writing assistants [35]. Topic 6 focused on how students use technology for assignments, with keywords such as “benefit”, “concern”, and “writing”. This aligns with studies highlighting generative AI’s role in supporting student writing tasks [36,37], although it also raises concerns about biased data and plagiarism that need attention [38]. Topic 3 emphasizes improving communication skills through simulation-based training, particularly by integrating conversational AI, which addresses the limitations of traditional simulation methods [39]. This highlights the growing significance of simulation-based training in nursing education. In nursing simulation education, the use of generative AI has been reported to offer the potential for easier and faster development and enhancement of innovative simulation scenarios and evaluation tools [40,41]. It has also been suggested that generative AI can increase student immersion in simulation settings, thereby enhancing the effectiveness of education [39,42]. However, due to the potential for misinformation, missing information, or incomplete information in simulation education, the development process cannot be fully replaced by AI. This indicates the need for educators to be aware of these limitations and to use this tool with caution to ensure appropriate and effective integration [40]. Topic 5, “performance in exams”, involved keywords such as “accuracy”, “performance”, “score”, and “error”. This topic is particularly relevant for assessing performance, as generative AI can handle tasks like question answering and text summarization [13,43]. In nursing, generative AI has been evaluated using questions from the nursing licensing exam. Although it showed limitations in accurately answering open-ended questions and handling complex content, it still met passing criteria [44,45]. Consequently, integrating diverse assessment methods, including face-to-face or oral exams, alongside traditional approaches, has been suggested [43]. Therefore, strategic approaches are needed to incorporate advanced technologies into student assessments.



The third element, “patient”, was linked to Topic 7 (patient education), accounting for 13.6% of the literature, and included the keywords “information”, “response”, “treatment”, “satisfaction”, and “caregiver”. This indicates that the use of generative AI in nursing education encompasses students in schools and patients and caregivers in hospitals and communities. The recent literature has shown that generative AI may improve patient engagement and enhance communication with healthcare providers by generating customized text responses to patient inquiries, allowing patients to access information relevant to their conditions [46,47]. In contrast, in patient education using generative AI, the lack of reliability due to the provision of inappropriate information in nursing interventions and medication management, as well as potential biases in training datasets leading to misinformation and bias in developed algorithms, could impact patient safety [48]. Therefore, nurses need to consider the weaknesses of technology used in education and clearly define the areas in which technology can be applied to maintain patient safety. That is, although educators are encouraged to use it to draft patient education materials, patients using it for self-management should not be encouraged [46]. Considering the strengths and weaknesses of using generative AI in patient education, it is necessary to explore ways to use technology to create specific educational modules suitable for target patients.



Finally, “data” was linked to Topic 4 (utility in image and text analyses), accounting for 5.7% of the literature, and included keywords such as “image”, “text”, “symptom”, “filter”, and “skin”. Among the derived topics, Topic 4 showed that generative AI can be used as a tool to generate images, texts, and videos in education, which is significant because it can provide learners with an innovative educational experience through multimodal learning [49,50,51]. The “data” element was found to have relatively less attention (5.7%) among all the literature, with only one study published in 2023 and the rest in 2024. ChatGPT is being actively utilized, with GPT-3.5 only generating text output in response to text input. Beyond this, GPT-4 now allows image input within prompts, enabling context consideration for images [52]. Consequently, future research is expected to see increased activity in the area of image and text analysis. Therefore, generative AI is expected to help educators create audiovisual materials, such as clinical images, as a multimodal learning tool to enhance the realism of education. Our study has some limitations. First, abstracts of the selected literature were used for analysis. While abstracts provide essential information in fewer words, they may not fully capture the depth and nuances of the full text, which can limit the interpretation of findings if the abstract does not comprehensively represent the full text. Second, the study was not conducted in chronological order, which restricts our ability to analyze research trends over time. Given the relatively recent surge in interest in generative AI, all selected literature on its application in nursing education was published between 2023 and 2024. Future research should consider conducting a time-based analysis. Lastly, in topic modeling, subjective criteria based on researchers’ judgments may influence both data preprocessing and the interpretation process, requiring careful consideration when interpreting the results.




5. Conclusions


This study explored research trends in nursing education using generative AI through text network analysis, topic modeling, and ego network analysis. The seven derived topics were categorized into four educational elements: educator, student, patient, and data. By organizing topics derived from educational elements, nursing education using generative AI is being implemented in schools, hospitals, or communities, and efforts are being made to apply this technology to education. Although this technology is utilized in simulation training, exams, and assignments in school education, it is separated into only one topic (Topic 7) in the area of patient education; future research should be actively conducted to apply technology to patient education. Additionally, although research is actively being conducted to recognize the opportunity to utilize generative AI in nursing education, relatively little research has been conducted to identify the internal strengths and weaknesses of utilizing technology in schools, hospitals, and communities where education is to be applied. Therefore, to integrate generative AI technology into education, institutions, educators, and nurses should identify the strengths and weaknesses of the internal factors and establish practical strategic plans aligned with clear institutional guidelines. This approach will enable generative AI to be effectively utilized as a tool for simulation training, teaching activities, and the development of personalized learning.
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Figure 1. Selection process of studies in the nursing education field using generative artificial intelligence. 
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Figure 2. Topic modeling in research on nursing education using generative artificial intelligence. 
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Figure 3. Ego network analysis focusing on strength, weakness, opportunity, and threat. 
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Table 1. Top 30 keywords that emerged from research on nursing education using generative artificial intelligence.
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	No.
	Keyword
	Frequency
	Keyword
	TF-IDF *





	1
	student
	192
	virtual
	6



	2
	use
	110
	learning outcomes
	6



	3
	healthcare
	104
	strength
	6



	4
	question
	92
	threat
	6



	5
	health
	91
	mcqs *
	6



	6
	technology
	78
	documentation
	6



	7
	patient
	76
	individual
	6



	8
	application
	73
	awareness
	6



	9
	information
	72
	attention
	6



	10
	learning
	72
	personalized learning
	6



	11
	response
	61
	discipline
	6



	12
	exam
	54
	technique
	6



	13
	educator
	51
	leverage
	6



	14
	practice
	51
	policy
	6



	15
	concern
	48
	bias
	6



	16
	accuracy
	47
	improvement
	6



	17
	challenge
	47
	assistant
	6



	18
	integration
	44
	capacity
	6



	19
	performance
	44
	misuse
	6



	20
	care
	43
	scale
	6



	21
	potential
	40
	image
	5



	22
	development
	38
	answer
	5



	23
	skill
	38
	interview
	5



	24
	training
	37
	medication
	5



	25
	image
	34
	adult
	5



	26
	knowledge
	34
	precision
	5



	27
	text
	34
	weakness
	5



	28
	opportunity
	33
	thinking
	5



	29
	time
	32
	advice
	5



	30
	scenario
	31
	pilot
	5







* TF-IDF = term frequency-inverse document frequency; mcqs = multiple-choice questions.













 





Table 2. Topic names and top 20 keywords in research on nursing education using generative artificial intelligence.
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	Topic 1
	Topic 2
	Topic 3
	Topic 4
	Topic 5
	Topic 6
	Topic 7





	Topic name
	Usability in future

scientific

applications
	Application and

integration of technology
	Simulation

education
	Utility in

image and text analyses
	Performance in exams
	Utility in

assignments
	Patient

education



	Elements
	Educator
	Educator
	Student
	Data
	Student
	Student
	Patient



	No. of articles (%)
	9 (6.5%)
	30 (21.6%)
	19 (13.7%)
	8 (5.7%)
	14 (10.1%)
	40 (28.8%)
	19 (13.6%)



	1
	healthcare
	application
	student
	image
	question
	student
	health



	2
	use
	integration
	skill
	participant
	exam
	use
	patient



	3
	science
	healthcare
	simulation
	student
	accuracy
	learning
	healthcare



	4
	application
	technology
	healthcare
	text
	answer
	educator
	care



	5
	future
	challenge
	learning
	score
	performance
	practice
	information



	6
	faculty
	concern
	scenario
	process
	response
	technology
	rate



	7
	database
	use
	technology
	quality
	student
	assignment
	response



	8
	item
	impact
	patient
	symptom
	score
	benefit
	treatment



	9
	framework
	medicine
	virtual
	filter
	college
	knowledge
	intervention



	10
	assessment
	guideline
	health
	information
	employability
	opportunity
	professional



	11
	trend
	capability
	communication
	reliability
	error
	teaching
	outcome



	12
	theme
	practice
	interaction
	skin
	ability
	course
	field



	13
	accuracy
	training
	system
	tone
	mcqs
	concern
	satisfaction



	14
	country
	role
	competency
	diagnosis
	information
	risk
	level



	15
	discipline
	potential
	time
	question
	level
	researcher
	question



	16
	value
	approach
	development
	mean
	difference
	writing
	caregiver



	17
	expert
	development
	training
	design
	NLE *
	challenge
	content



	18
	opinion
	support
	program
	university
	licensing
	task
	post



	19
	user
	narrative