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Abstract

Background This study explored the development and implementation of an artificial intelligence (Al)-
based microlearning chatbot (A-MINC) in nursing education and evaluated its impact on learning and
learners’ reactions. This study aimed to provide evidence supporting its effectiveness as an educational
tool for nursing students.

Methods This quasi-experimental study was conducted with 49 nursing students an experimental group
(n =24) and a control group (n = 25). Self-directed learning and academic self-efficacy were assessed
using self-reported questionnaires before and after a two-week A-MINC intervention. Additionally, a
focus group interview was conducted with nine participants from the experimental group who consented
to qualitative data collection to assess their experiences with the intervention. Homogeneity between the
intervention and control groups was tested using x2, Fisher exact, and independent t-tests. To evaluate
the effectiveness of the A-MINC, differences in academic self-efficacy and self-directed learning ability
between groups were further examined using analysis of covariance.

Results The intervention group showed greater improvements in self-directed learning than the control
group (F = 14.727, p< 0.001), whereas changes in academic self-efficacy were not statistically
significant (F = 1.808, p = 0.185). A qualitative analysis of focus group interviews with nine participants
revealed three key themes: (1) the benefits of A-MINC usage, including personalized learning and
enhanced engagement; (2) potential applications highlighting its usefulness in clinical and theoretical
nursing education; and, (3) areas for improvement, such as occasional errors, the need for case-based
learning, and multimedia integration.

Conclusion An A-MINC can enhance self-directed learning in nursing students within a short intervention
period. These findings highlight the potential of Al chatbots in nursing education and emphasize the
need for longer interventions and further refinements, such as multimedia integration and content
customization, to maximize their effectiveness.

1. Introduction

Artificial Intelligence (Al) enhances adaptive learning and personalizes educational experiences by
utilizing deep and machine learning algorithms on online platforms, generating useful data, and
supporting advancements in higher education [1]. These applications have also been extended to
nursing education, where Al-driven technologies create realistic simulations that allow students to
practice clinical skills, enhance critical thinking, and prepare for real-world patient care in a safe and
controlled environment [2]. One prominent use of Al in education is in chatbots, which are automated
conversational systems that employ natural language processing and machine learning techniques to
communicate with users via text or voice input [3].

Al-chatbots utilize natural language processing, machine learning, and deep learning to simulate human
conversations, allowing them to handle complex queries and follow-up discussions, unlike traditional
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chatbots, which rely primarily on predefined rules and logic [4]. Al-chatbots have been employed in
various nursing education settings to address specific learning objectives and improve student
outcomes. For instance, Chang et al. [5] employed a mobile chatbot-based learning approach to teach
obstetric vaccination and achieved significant improvements in nursing students' learning achievements
and self-efficacy. Similarly, Han et al. [6] demonstrated that an Al chatbot-based program, effectively
enhanced students' interest in education and self-directed learning abilities without causing any
significant differences in knowledge, clinical reasoning, or confidence. Additionally, Shorey et al. [7]
implemented a virtual counseling chatbot to train nursing students in communication skills, which led to
enhanced learning attitudes and self-efficacy in nursing education.

Microlearning is a self-directed teaching approach that delivers concise, focused, and interactive content
asynchronously through multimodal technologies, enabling learners to access it anytime and anywhere
at their convenience [8]. Microlearning involves short learning content units, typically lasting 15-30
minutes, to enhance attention and motivation while leveraging easily accessible devices such as
smartphones and tablets to improve learner satisfaction [9]. According to studies that apply
microlearning, the structure typically consists of three phases: introduction, development, and
conclusion. The introduction phase includes activities such as pre-diagnostic quizzes and confirmation
of learning objectives to motivate learners. The development phase focuses on engaging learners with
questions, discussions, quizzes, and assignments related to the learning topics. Finally, the conclusion
phase serves as a wrap-up, consisting of a review of the learning content and guidance for further study
[10].

With the advent of digital transformation, learner-centered education utilizing various technologies has
been implemented in nursing education. However, little research has been conducted on the application
of Al-based chatbots for microlearning and the evaluation of their validity in actual nursing education
settings. This study aims to develop and implement an Al-based microlearning chatbot (A-MINC),
evaluate its impact on learning and learners’ reactions, and assess its potential as an effective
educational tool for nursing education. Furthermore, this study sought to provide evidence supporting its
continued use in the nursing education.

2. Methods

This study aimed to develop and implement an A-MINC, evaluate its impact on learning and learners’
reactions, and assess its potential as an effective educational tool for nursing education.

2.1. Study Design

This quasi-experimental study employed a pretest—posttest design with a comparison group. The study
design and methods were validated following the Transparent Reporting of Evaluations with
Nonrandomized Designs (TREND) guidelines [11], which were utilized to improve the robustness and
credibility of the study’s findings. Clinical trial number is not applicable.
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2.2. Participants and setting

This study targeted fourth-year nursing students in South Korea. Students who had completed courses
in medical—surgical nursing and owned smart devices capable of using chatbots were included. There
were no exclusion criteria for this study. The dropout criteria included withdrawal during the pre- or post-
survey, completion of the pre-survey without participating in the chatbot intervention, and participation in
the pre-survey and chatbot intervention but failure to complete the post-survey. Participation in the study
was voluntary. Convenience sampling was used for participant recruitment. Recruitment was conducted
after obtaining approval from the Institutional Review Board (IRB) of the researcher's affiliated institution.
The study recruitment notice and participation link were uploaded to an online community used by
nursing students. Participants voluntarily consented to the study after reviewing the study information
and provided their mobile phone numbers to enroll.

The required sample size was calculated using the G*Power 3.1.9.4 program, referencing a previous
study [12] that developed and validated a microlearning chatbot for novice nurses. Based on an
independent samples t-test (two-tailed) with an effect size of 0.8, a significance level of .05, and a
statistical power of 0.8, the required sample size was determined to be 26 participants per group,
totaling 52 participants. To account for a potential dropout rate of 10%, 29 participants were recruited
from each group, resulting in a total of 58 participants. Participants were sequentially numbered based
on their registration order, with participants 1 to 29 and 30 to 58 assigned to the intervention and control
groups, respectively.

In the experimental group, five participants dropped out (withdrew from the study without notice), leaving
data from 24 participants for analysis. In the control group, four participants withdrew from the study
(withdrew from the study without notice), resulting in a final sample of 25 participants. The CONSORT
diagram in Figure 1 illustrates the participant screening, enrollment, and follow-up processes.
Participants were recruited between August 13 and September 20, 2024, and follow-up assessments
were conducted until October 18, 2024.

2.3. A-MINC generation

The research team first created a structured, hierarchical outline of medical—surgical nursing concepts
focusing on the cardiovascular, respiratory, and nervous systems and then crafted targeted prompts to
guide generative pre-trained transformers (GPTs) in generating diverse item formats (multiple-choice,
true-false, matching, short-answer, and fill-in-the-blank). This systematic approach ensured a
comprehensive coverage of essential topics while grounding questions in an authoritative curriculum.

2.3.1. Development of an outline for medical-surgical nursing

This study used a structured hierarchical approach to generate various items for medical-surgical
nursing, focusing on the cardiovascular, respiratory, and nervous systems. Content outlines were
developed based on current medical—surgical nursing practices to ensure the accuracy and reliability of
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the generated questions. By grounding the outlines in a trusted and authoritative source, this approach
ensured that the generative Al did not rely on probabilistic guesswork but instead generated questions
aligned with the established curriculum and key concepts. The knowledge was categorized into primary
(general topics), secondary (subtopics), and tertiary (specific details) levels to ensure that the outlines
comprehensively covered essential topics.

2.3.2. Development of prompts for item generation

Prompts were crafted and integrated into the GPTs to ensure the generation of accurate and contextually
relevant assessment items. These prompts were written using clear and intuitive language to minimize
ambiguity and enhance the Al's interpretative accuracy and output reliability [13]. GPTs, introduced as a
new feature in ChatGPT in early November 2023, are customized chatbots designed by ChatGPT users
for specific purposes. GPTs are guided by progressive prompts to generate various item types [14]. Initial
prompts addressed general topics and gradually transitioned to more detailed queries on specific
subtopics. This approach facilitated comprehensive coverage and alignment with the educational
objectives. The generated items included multiple-choice questions (MCQs), true-false items, matching
questions, short-answer items, and fill-in-the-blank questions, providing diverse and interactive learning
experiences for nursing students.

The prompts are divided into three main sections. The first section, the Introduction, outlines the purpose
and guidelines for the Al, requiring all responses to strictly adhere to the provided content and be
delivered in Korean. It emphasizes the generation of five items simultaneously, each accompanied by
explanations. At this stage, participants were allowed to select the body system they wanted to study
from among the cardiovascular, respiratory, and nervous systems. The second section, item writing
guidelines, specified rules for item creation, including alignment with content categories, randomization
of item types, and a consistent format for presenting items, answers, and explanations. Finally, the
operational instructions provided detailed guidelines for interaction, including feedback on the submitted
answers, offering a retry for incorrect responses, and guiding learners through an iterative problem-
solving process. The prompts were designed to provide feedback on the correctness of the participants’
responses and deliver brief explanations when answers were submitted to the A-MINC. Furthermore, the
prompts allowed participants to request additional items on other diseases or systems, more
challenging problems, or alternative item types (e.g., true/false, matching, short answers). To support
reflective learning, a feature was included in the prompts to summarize the participants’ learning upon
completing all the items.

2.4. A-MINC implementation and evaluation

2.4.1. Procedure

The A-MINC was implemented as an online intervention for the experimental group over a two-week
period, with both the intervention and the pre- and post-assessments conducted online before and after
the intervention. Following the pre-assessment, participants were provided with a structured study plan
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to guide their self-directed learning using the chatbot for six sessions over two weeks, with each session
lasting approximately 15-30 min. To ensure adherence to the study plan, the participants shared the
completion link from the A-MINC with the researcher to confirm that the planned learning sessions were
carried out. The A-MINC was accessed via a URL provided to the participants to enable them to engage
in the learning sessions. After completing the two-week chatbot-based self-directed learning period, a
post-assessment was conducted. To ensure higher fidelity in participants' engagement with the
intervention, a video tutorial explaining how to use the A-MINC and documenting their learning progress
was created and shared with the participants prior to the intervention. An example screen of the A-MINC
is shown in Figure 2.

For the control group, a set of six online Google quizzes was provided, which were designed to allow
approximately 15-30 min of learning per session. The learning content covered the cardiovascular,
respiratory, and nervous systems, similar to the content of the A-MINC. The quizzes were accessible via
a URL shared with participants. These quizzes provided feedback on correct and incorrect answers but
did not offer further explanations. Participants were required to complete six sessions within a two-week
period and share their quiz completion records with the researcher to confirm their participation. After a
two-week self-directed learning period, a post-assessment was conducted. Following the post-
assessment, the control group was given access to the chatbot to allow them to experience the chatbot-
based learning process. To maintain blinding, the intervention and control groups were assigned
different learning periods so that the participants were unaware of their group allocation. To ensure
continuous engagement and intervention fidelity, all participants recorded their learning activities in a
shared Google Sheet, which was monitored in real-time by the researcher to track adherence to the study
protocol and verify that the intervention was delivered as intended.

2.4.2. Data collection

Data were collected to evaluate the validity of the A-MINC using the first two levels of Kirkpatrick’s four-
level evaluation model [15]: reaction (level 1) and learning (level 2). Learners’ reactions (level 1) were
assessed using qualitative data, including their satisfaction and experiences with the A-MINC.
Qualitative data were gathered via focus group interviews (FGI) with nine participants who voluntarily
expressed their willingness to participate in the post-intervention survey. Participants were divided into
two groups of four and five individuals each. Focus group interviews were conducted online via Zoom in
real-time, with each session lasting approximately 60 min. To ensure participants' convenience, they
were instructed to join from a quiet and distraction-free environment. The interviews explored questions
such as “What were your thoughts on using the chatbot?”, “What do you think are the strengths and
weaknesses of the chatbot?” and “What impact do you think the chatbot had on your learning, and how
could it be effectively utilized?” The interviews were recorded with the participants’ consent, and the
audio files were transcribed for analysis.

The learning evaluation (level 2) assessed academic self-efficacy and self-directed learning ability. Data
were collected using self-reported online surveys administered before and after the intervention.
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Participants’ demographic characteristics, including sex, age, region, and prior learning experience with
Al, were also collected. Academic self-efficacy was measured using a 10-item tool developed by Ayres
[16] and adapted to Korean by Park and Kweon [17], with each item rated on a 7-point Likert scale; higher
scores indicated higher levels of academic self-efficacy. Park and Kweon [17] reported a Cronbach's a of
.95, while it was .907 in this study. Self-directed learning ability was assessed using a 20-item tool
developed by Cheng et al. [18] and adapted and validated in Korean by Kwak et al. [19], with each item
rated on a 5-point Likert scale; higher scores indicated greater self-directed learning ability. Kwak et al.
[19] reported a Cronbach's a of .90, while it was .924 in this study.

2.5. Data analysis

Quantitative data were analyzed using SPSS 29.0. Descriptive statistics, including frequency, percentage,
mean, and standard deviation, were used to summarize the participants' general characteristics,
academic self-efficacy, and self-directed learning ability. Homogeneity between the intervention and
control groups was tested using x2 tests, Fisher exact tests, and independent t-tests. To evaluate the
effectiveness of the A-MINC, differences in academic self-efficacy and self-directed learning ability
between groups were further examined using analysis of covariance (ANCOVA), with pre-test scores
treated as covariates.

Qualitative data collected through focus group interviews to evaluate the participants’ reactions to the
chatbot were analyzed using the inductive approach of qualitative content analysis, as outlined by Elo
and Kyngés [20]. This involved iterative reading of the data, open coding, categorization, and abstraction
to identify meaningful themes.

2.6. Ethical consideration

This study was approved by the IRB of the researchers’ affiliated institutions. Participants who voluntarily
agreed to take part were provided with a comprehensive explanation on the first page of the online
survey. This explanation outlined the study objectives, participant eligibility, research content, methods
of participation, utilization of results, potential risks and benefits, procedures for withdrawing consent,
compensation for any potential harm, and measures for protecting and storing personal information. As
a token of appreciation, participants were given a small reward for their involvement. The IRB granted an
exemption from the requirement for written consent; instead, participants provided informed consent
online before beginning the survey. Qualitative data recorded during the study were anonymized and
coded to ensure confidentiality, and audio recordings were deleted immediately after transcription to
eliminate any potential for identifying participants.

3. Results

3.1. Homogeneity test on general characteristics and dependent variables

Page 7/16


https://onlinelibrary.wiley.com/authored-by/Kyng%C3%A4s/Helvi

The participants were predominantly women; the average age of the participants was 22.8 and 23.7
years in the intervention and control groups, respectively. Most respondents from both groups reported
their academic achievement as medium. Approximately 70% of the participants had no experience using
Al-based learning tools or experience learning with chatbots. Homogeneity tests of the participants’
general characteristics revealed no significant differences between the intervention and control groups.
Additionally, tests for the homogeneity of baseline scores revealed no significant differences between
the two groups in terms of self-directed learning or academic self-efficacy, thus confirming the

homogeneity of the dependent variables between the groups.

Table 1. Homogeneity test on general characteristics and dependent variables(N=49)

Variables Exp. (n=24)
n (%) or
Mean + SD

Gender

Female 24  (100.0)

Male 0 (0.0

Age (years) 22.75%1.40

Academic achievement

High 8  (33.3)
Medium 13  (54.2)
Low 3 (12.5)

Experience using Al-based learning tools
Yes 6 (25.0)
No 18 (75.0)

Experience learning with chatbots

Yes 6 (25.0)
No 18 (75.0)
Self-directed learning 79.9618.77
Academic self-efficacy 56.79+7.87

Exp.=experimental group; Cont.=control group

Cont. (n=25) 2

t/Z
n (%) or
Mean + SD
20  (80.0)
5  (20.0)

23.36+2.06 -1.210

10  (40.0) 3.346
15  (60.0)
0 (0.0)

8 (3200 0.294
17 (68.0)

9  (36.0) 0.698
16 (64.0)

79.28+6.70  0.305
57.40+t4.39  -0.336

p

232

.188

.588

404

.381
.369

3.2. Effects of A-MINC for Medical—Surgical Nursing
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Following the intervention, both self-directed learning and academic self-efficacy improved compared
with pre-intervention levels, with greater improvements observed in the intervention group than those in
the control group. Pre- and post-intervention scores for self-directed learning were 80.0+8.8 and
86.718.3 for the intervention group, and 79.3+6.7 and 80.8+5.6 for the control group, respectively. For
academic self-efficacy, scores were 56.8+7.9 and 63.8+6.1 for the intervention group, and 57.4+4.3 and
59.243.4 for the control group, respectively. Furthermore, there was a statistically significant difference
in the change in self-directed learning scores between the two groups (F = 14.727, p< 0.001). However,
the change in academic self-efficacy scores was not significantly different between the groups (F =
1.808, p=0.185).

Table 2. Effects of Al-based Microlearning Chatbot for Medical-Surgical Nursing(N=49)

Variables Groups Pretest Posttest F(p)
Mean + SD
Self-directed Learning  Exp. (n=24) 79.96+8.77 86.71+8.26  14.727(<.001)
Cont. (n=25)  79.2846.70  80.84+5.57
Academic Exp. (n=24) 56.79+7.87 63.83%6.08 1.808(.185)

Self-efficacy
Cont. (n=25) 57.40+4.29 59.20+3.44

Exp.=experimental group; Cont.=control group

3.3. Experience Using an A-MINC

This study involved nine nursing students who voluntarily expressed their willingness to participate in
qualitative data collection during the post-intervention survey. Focus group interviews were conducted
with these participants, who were divided into two groups comprising four and five individuals, to explore
their experiences and perspectives on using A-MINC as a learning tool. The analysis revealed three main
themes: the benefits of A-MINC usage, its potential applications, and areas for improvement.

Theme 1. Benefits of A-MINC Usage

The participants highlighted several advantages of using chatbots for learning. The chatbot provided
customized explanations for incorrect answers, tailored items based on specific diseases, and allowed
adjustments to item difficulty. It facilitated repetitive practice, focused on essential concepts, and
offered unique questions not found in textbooks or workbooks.

“When | asked about a specific disease, it only focused on items related to that disease, which felt
tailored to me.”

“It was helpful when | could ask for more difficult items or request easier ones if they felt too difficult.”
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“The items often focused on important points, making it easier to organize key concepts.”
“Unlike textbooks or workbooks, it provided fresh, useful items | hadn't seen before.”
Theme 2. Potential Applications

The participants noted the potential of the A-MINC to enhance clinical and theoretical nursing education.
They highlighted their ability to assist new nurses in prioritizing patient care, understanding clinical
equipment, and identifying high-priority topics for exams.

“It seems like it could help new nurses learn to prioritize care while dealing with multiple choices.”

“When studying oxygen therapy, | asked about the types and benefits of different methods. The chatbot
explained that commonly used clinical equipment would be useful for learning about new machines or
tools.”

“New nurses often have many questions and find it challenging to search for answers in books. The
chatbot allows for immediate inquiries, making it easier to understand and apply knowledge.”

“Having integrated questions that combine concepts into a single clinical scenario would be helpful for
applying knowledge in practice.”

Theme 3. Areas for Improvement

Although participants found the A-MINC helpful, they also identified areas for improvement. These
include occasional errors in marking incorrect answers as correct, limitations of the free version of
GPTs’, and the need for case-based questions and multimedia integration.

“Sometimes incorrect answers were marked as correct, and | realized | could misunderstand concepts if
| did not check the explanations carefully.”

“| wanted to summarize what | learned and review, but the free version ended before | could do that.”

“It would be great if it included more case-based items that simulate real-life scenarios, such as
prioritization or identifying the most important assessment at a given moment.”

“Using videos or real photos can make studying more effective, especially with Al-based tools.”

4. Discussion

The implementation of the A-MINC significantly enhanced the self-directed learning abilities of senior

nursing students without affecting their academic self-efficacy. Participants in the intervention group

demonstrated improved learning outcomes compared to those in the control group, highlighting the

chatbot's potential as an effective educational tool in nursing education. These findings suggest that

integrating Al technology into nursing education can significantly improve students’ academic skills.
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The A-MINC developed in this study effectively enhanced nursing students’ self-directed learning
abilities. This result is similar to that of a previous study [6] that found that self-directed learning abilities
improved after providing educational programs to nursing students using an Al chatbot. The chatbot's
ability to provide timely learning and respond immediately to diverse questions contributes to the
enhancement of self-directed learning. This is further augmented by the flexibility it offers learners to
study anytime and anywhere by utilizing various tools such as mobile devices or PCs [21]. Furthermore,
the microlearning format enables short learning sessions of 15-30 min, which helps maintain focus and
motivation, thereby enhancing the autonomy and flexibility of learning [9].

This platform, based on an Al chatbot, supports personalized learning through immediate responses and
interactions, promoting self-directed learning [22]. The results of the FGI in this study also confirmed that
the chatbot was helpful in improving self-directed learning abilities. Participants noted that the chatbot
could be used easily without the need to memorize complex rules and could be used repeatedly for
learning. They appreciated the customized explanations provided for incorrect answers and the
opportunity to ask detailed follow-up questions if explanations were difficult to understand. Additionally,
the chatbot allowed learners to adjust topics, item types, and difficulty levels, which were considered
significant advantages. Learners could tackle new problems not commonly found in textbooks and ask
questions freely, which is particularly useful in an online environment, where there may be less fear when
asking questions. An Al-based chatbot also provides a comfortable environment for asking questions
anytime and anywhere, thus reducing the psychological burden associated with asking questions online
[23, 24]. These results suggest that chatbots effectively enhance self-directed learning abilities by
providing a tailored learning environment and psychological comfort.

However, this study found no statistically significant effect of the A-MINC chatbot on academic self-
efficacy. Self-efficacy is generally formed through successful experiences and does not change easily
over a short period; it tends to develop gradually over time [25]. The intervention in this study was
conducted over a period of two weeks, after which the effects were evaluated. Given the relatively short
duration of the intervention and the focus on assessing only the short-term effects, further research is
necessary to evaluate the long-term effects of A-MINC. Additionally, the results from the FGI indicated
that, while using the free version of the chatbot, despite the desire to learn more, learning was limited
owing to restrictions on the number of responses provided by the Al. Considering these issues, it is
essential to provide learners with opportunities to learn as much as they want, at any time.

This study had several limitations that must be acknowledged while interpreting its findings. First, the
intervention did not demonstrate a significant impact on the academic self-efficacy of nursing students,
indicating a potential area for further refinement of the chatbot's capabilities. Additionally, the study had
a relatively small sample size and lacked demographic diversity, which may limit the generalizability of
the results to a broader nursing student population. Furthermore, learning outcomes were assessed
shortly after the intervention, raising concerns about the long-term sustainability of the observed
improvements in self-directed learning. Considering these findings, further research incorporating a
larger and more demographically diverse sample is warranted to fully understand the potential benefits
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across different populations. Enhancements to chatbots such as the integration of multimedia elements
and content tailored to the specific tasks of novice nurses along with a broader range of case-based
items could potentially amplify the effectiveness and applicability of Al-based learning tools in real-world
nursing education settings. Case-based questions allow learners to engage in experiences that mirror
actual nursing practice and foster their ability to anticipate and prevent patient issues by developing
clinical judgment skills. These modifications aim to provide a more robust and immersive learning
experience, thereby comprehensively supporting the development of critical nursing competencies.

5. Conclusion

This study provides preliminary evidence that an A-MINC can enhance self-directed learning among
nursing students, although it does not significantly affect their academic self-efficacy within a short
intervention period. These findings underscore the potential of Al chatbots in nursing education,
particularly for promoting self-directed learning through interactive and personalized content. However,
its limited impact on academic self-efficacy suggests that long-term interventions and further
enhancements, such as multimedia integration and content customization, may be necessary to fully
leverage the benefits of Al in educational settings. Future studies with extended durations and diverse
demographic samples are essential to validate these findings and refine the chatbot's functionality to
better meet the learning needs of nursing students.
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Study flow diagram
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Abbreviation: A-MINC, artificial intelligence-based microlearning chatbot
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Figure 2

Screen example of artificial intelligence-based microlearning chatbot
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