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Abstract

The rapid development of artificial intelligence (AI) has brought
profound transformations to education systems worldwide.
Nursing, as a profession that requires continuous learning and
up-to-date clinical competence, faces both new challenges and
opportunities in the Al era. The paper draws upon adult learning
theory to analyse how Al-driven learning environments affect
nurses’ lifelong learning. This study analyzes the key factors
influencing lifelong learning among nursing professionals in
the context of Al: the convenience of intelligent applications,
the diversity of learning places, the personalization of learning
content, the interactivity of the learning process, and the
effectiveness of learning evaluation. Finally, the study concludes
with the presentation of a series of practical recommendations for
nursing educators, hospitals, and policymakers, with a view to
enhancing the integration of Al technology into continuing nursing
education.
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1. Introduction

Since the end of the 20th century, the rise of various “man-machine battles” has made people
increasingly interested in AI. More and more countries have incorporated the development of
Al into their national strategy (Ayeni et al., 2024). In May 2025, the International Conference
on Artificial Intelligence and Education (ICAIE) was held in Suzhou, China, once again em-
phasizing the important role of Al in education and promoting the deep integration of Al and
education. At present, Al has permeated various fields of society such as healthcare, finance
and education, bringing about significant changes to our lives (Zhai et al., 2021). As Al tech-
nology continues to evolve, its impact on education and learning will become even more pro-
nounced.

In recent years, there has been an increasing application of technologies such as intelligent
tutoring systems, adaptive learning platforms, data-driven assessment, and virtual simulation
to the training of nursing professionals (Hwang et al., 2024). It is imperative that nurses con-
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tinually update their clinical knowledge, digital literacy, and decision-making skills in order
to adapt to the rapidly evolving environment of healthcare. Consequently, lifelong learning is
not merely a personal development requirement but also an essential professional competen-
cy for nurses. This is because nursing professionals frequently encounter onerous workloads,
variable duties, and rapidly evolving clinical practices. Conventional forms of continuing ed-
ucation, including workshops, lectures and short-term training, frequently entail considerable
time investment, are often constrained by geographical location, and can prove challenging
to align with nurses’ schedules (Mlambo et al., 2021). Consequently, a significant proportion
of nurses encounter difficulties in sustaining consistent professional development while ef-
fectively managing their work and personal obligations. The advent of Al has furnished novel
solutions to these challenges. Al-supported learning systems enable nurses to study at their
own pace, utilising digital modules, micro-courses, or virtual clinical simulations that can be
accessed at any time and in any location. Intelligent algorithms have the capacity to recom-
mend learning content according to individual experience, practice area, or professional goals,
while real-time analytics track progress and competency development (Ma et al., 2025).

Against this background, it is essential to explore the key factors that influence nurses’ will-
ingness and ability to engage in lifelong learning under the impact of Al. By identifying these
factors, the study can provide insights into how hospitals, nursing associations, and policy-
makers can better design effective lifelong learning systems for nurses. This study uses a qual-
itative and literature-based conceptual approach to discuss these factors. Instead of collecting
new data, the study relies on a careful review of existing research and theoretical discussions
about nursing education, adult learning, and technology. It aims to build a clear understanding
of how Al and adult learning theory together explain the process of lifelong learning for nurs-
ing professionals. The results are based on logical reasoning and integration of prior research,
not on statistical testing. Although the study does not include field data, it offers a theoretical
view that can guide future empirical research and practical strategies for supporting lifelong
learning in nursing.

2. Artificial Intelligence and Lifelong Learning

Artificial Intelligence (Al) is a branch of computer science that constructs intelligent ma-
chines or intelligent systems through artificial methods and techniques, enabling machines or
systems to simulate, extend and expand human intelligence. According to the process of the
development of Al technology, it can be divided into three main stages: computational intel-
ligence, perceptual intelligence, and cognitive intelligence. Computational intelligence is the
most basic form of Al that uses the ability of computers to store and process data quickly to
give machines the ability to calculate, store and transfer information like humans. In the field
of education, computational intelligence can be used to store and transfer the resources need-
ed for learning, and to build intelligent student information management systems. Perceptual
intelligence, which enables machines to have various perceptual abilities such as sight, hear-
ing and touch, and to interact with humans, is currently the main stage of Al development. In
the field of education, it can be applied to areas such as speech teaching, oral language assess-
ment, and image search. Cognitive intelligence is the ability to simulate human reasoning, as-
sociation and knowledge organization. It is a hot topic in Al research and a breakthrough point
for future development. It can support personalized and self-directed learning in the field of
education (Wu et al., 2017).

Al is a further upgrade of Internet technology, which not only have the typical openness and
globality of the Internet, but also fully demonstrate personalization and interactivity. The
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development and application of the Internet have transformed the way people learn, and var-
ious online education industries are booming. With devices such as mobile phones, iPads and
computers, people can search for a vast amount of learning resources and choose the time and
place that suits them to study. However, in the face of various forms and difficulties of learn-
ing resources, many people do not know how to find a suitable learning path for themselves,
resulting in problems such as “learning disorientation” and “knowledge overload”, constantly
facing questions such as “what to learn” and “what to learn next”, this phenomenon greatly re-
duces the personalized advantage of online learning (Jiang et al., 2018). By using Al technolo-
gies such as data mining and personalized recommendations to conduct personalized analysis
based on the characteristics of learners, it is possible to plan learning paths specifically, pre-
cisely recommend learning resources needed by different learners, thereby enhancing learning
enthusiasm, improving learning quality, and promoting personalized development of learners
(Feng, 2019). The application of perceptual intelligence technologies such as facial recogni-
tion and voice recognition can help teachers focus on the learning process of students, enable
real-time interaction among students and between students and teachers, and fully enhance
the experience of online courses. The combination of Al and virtual reality will further enrich
the learning experience. In particular in the field of vocational education and training, through
virtual classrooms, training in projects such as lathe operation and car repair can be achieved
without being restricted by venues and equipment (Rojas-Sanchez et al., 2023).

To sum up, Al facilitates a continuous process in which individuals can acquire, update, and
apply knowledge throughout their lives. This transformation is indicative of a more extensive
shift towards Education 4.0, a paradigm in which learning systems are characterised by flexi-
bility, interconnectedness, and a perpetual capacity for adaptation to technological and social
change (Arias et al., 2025). Intelligent systems have the capacity to enable individuals to trans-
fer skills and knowledge between workplaces, online platforms and educational institutions.
This integration is congruent with the global demand for upskilling and reskilling, wherein
learning is regarded as a lifelong necessity rather than a discrete phase of human development.
Moreover, the field of Al has the potential to facilitate the establishment of learning societies
that prioritise adaptability, digital competence, and equitable access to educational opportu-
nities (Laupichle et al., 2022). A representative context for analyzing lifelong learning in the
Al era is provided by nurses, who are typical adult learners who need to continuously update
their professional knowledge. Therefore, it is essential to use adult learning theory, which pro-
vides a theoretical framework for comprehending the traits and requirements of adult learners,
in order to more accurately interpret their learning behavior and motivation.

3. Adult Learning Theory and Its Relevance to the Lifelong Learning of
Nursing Professionals

The characteristics of adult learning are determined by the uniqueness of adult learners them-
selves, which are quite different from those of general education learners. On the one hand,
different adults have different developmental backgrounds and thus have certain uniqueness
in terms of physical and mental development such as cognition, emotion and will. On the oth-
er hand, as adults are learners in society, they inevitably take on the role of workers, which
significantly affects adult learning. In general, the characteristics of adult learning are mainly
reflected in many aspects such as self-directed learning, practical learning content, relatively
flexible learning time, unstable learning location and diverse learning forms.

First, the learning is self-directed. Knowles argues that as adults grow older, their self-concept
shifts from dependent to self-directed, and psychologically and socially from dependent, het-
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ero-regulated to independent, self-disciplined (Liu & Feng, 2016). This transformation turns
adults into self-directed individuals, and as adult learners mature, their self-directed nature
gradually increases. Adults are able to critically examine their situation and define the learning
objectives they need. Generally speaking, adult learning purposes can be divided into three
types. For the first category, the main purpose of learning is to improve technical skills, give
oneself an advantage in competition, and thus find a better job or get a promotion and a raise.
The main purpose of the second category of people is to obtain the corresponding diploma. In
today’s employment process, “academic qualifications” remain an extremely important step-
ping stone, so they must obtain the corresponding diplomas. Of course, there are also people
who are forced to improve their academic qualifications for purposes such as promotion or
professional title evaluation. The third group of people, whose main purpose of learning is to
achieve self-improvement, view learning as a need for self-actualization, often without obvi-
ous utilitarianism.

Second, the learning content is practical. According to existing research results, intelligence
can be divided into fluid intelligence and crystalline intelligence (Yuan, 2000). Fluid intelli-
gence, which is based on physical development and gradually weakens with age, mainly re-
fers to the ability of mechanical memory. Crystallized intelligence is closely related to social
factors such as energy and experience. Generally, it does not decline with age and may even
improve. It is mainly manifested as the use of already acquired knowledge and experience to
absorb new knowledge and handle new problems. For adults, although the decline in fluid in-
telligence may affect memory ability, they have a certain experience and knowledge base, and
are more likely to connect the learning of knowledge related to work and life with the existing
knowledge structure, and can solve problems in real-world experience very well. Therefore,
practical learning content related to work and life is more likely to be accepted by adult learn-
ers. Moreover, for the majority of adult learners who have left school, their learning content is
often oriented towards various problems or difficulties encountered in real work and life, and
the demand for learning content is obviously practical.

Third, the study time is relatively flexible. Adult learners are generally people who have en-
tered society and hold some social positions. Financial burdens or job responsibilities make
adult learning time relatively tight, with a prominent contradiction between work and study.
Flexible schedules are a prerequisite for adults to study effectively. Adult learning is dominat-
ed by fragmented time utilization, making it difficult to ensure stable learning conditions for
longer periods (Moore et al., 2023). In addition, adult learning usually occurs when problems
or difficulties are encountered, and if the problems or difficulties are resolved, the learning
activity comes to an end. Learning activities resume only when new problems or difficulties
arise, so adult learning time is also discontinuous.

Fourth, the place of study is unstable. On the one hand, the entities providing services to adult
learners are diverse, including institutions of higher learning and other social organizations
such as companies, enterprises and communities. Schools are no longer the only place for
learning. On the other hand, due to various reasons such as work, time and distance, the loca-
tion of adult learning activities can only be chosen according to actual needs and is difficult
to be fixed. Even for students participating in formal adult higher education, it is not guaran-
teed that they will study on campus for a long time. However, various forms such as corre-
spondence and distance education allow for the selection and flexible arrangement of study
locations as needed. In addition to formal and informal learning venues, many learning activ-
ities also take place in informal learning locations such as at home, on the vehicle, and in the
workplace. Learning that takes place in the workplace alone can take place in meeting rooms,
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workshops, restaurants, or even on sofas in leisure areas (Hrastinski et al., 2024).

Finally, the forms of learning are diverse. The particularity of adults enables adult learning to
take on both formal and informal forms, as well as non-formal ones (Johnson & Majewska,
2022). In terms of the forms of adult higher education in our country, there are various forms
such as traditional face-to-face courses, correspondence education based on correspondence
materials through communication, and online education using the Internet and other commu-
nication media. Adult informal learning, on the other hand, is more flexible, with the ability to
study anytime and anywhere through portable devices such as mobile phones and ipads.

In summary, adult learning theory emphasizes autonomy, self-direction, practical relevance,
and flexibility—features that perfectly match the professional characteristics of nurses.
Nurses, as adult learners, often balance clinical responsibilities, family life, and profession-
al development. They prefer learning experiences that are relevant, problem-centered, and
immediately applicable to their work. Adults learn best when they can control their learning
pace, connect new knowledge with prior experiences, and understand the real-world purpose
of learning. These principles apply directly to nursing continuing education, where learning
should be authentic, flexible, and task-oriented. Based on this understanding, this study adopts
adult learning theory as its main conceptual framework to analyze and interpret the factors
that influence lifelong learning among nursing professionals. The theory serves as the bridge
between the conceptual background and the analytical framework described in the next sec-
tion, ensuring that the study’s logic remains coherent and theoretically grounded.

4. Influencing Factors of Lifelong Learning for Nursing Professionals in the
Al Era

In the context of Al-driven education and learning, lifelong learning for nurses is influenced
by several interconnected factors. Based on the characteristics of Al and adult learning, this
study identifies five core aspects: the convenience of intelligent applications, the diversity of
learning places, the personalization of learning content, the interactivity of the learning pro-
cess, and the effectiveness of learning evaluation. These factors jointly determine how nurses
perceive, engage in, and benefit from lifelong learning supported by intelligent technologies.

First, the convenience of intelligent applications refers to the accessibility, flexibility, and effi-
ciency of Al-based learning systems. Adult learners, due to the characteristics of physiological
development, will gradually decline in mechanical memory and reaction speed, and due to so-
cial pressure and other reasons, are often less interested in new things than minors in coming
into contact with and learning. Adults have a strong sense of self-esteem, and if they encoun-
ter insurmountable difficulties when exposed to new things, it may affect their self-confidence
and, in turn, their enthusiasm for learning. The convenience of operating Al can affect adults’
interest in using the technology to learn. Nursing professionals often work long and irreg-
ular hours, which makes it difficult to attend traditional training sessions. Intelligent online
platforms allow them to learn anytime and anywhere, using mobile devices or hospital-based
systems. For example, an Al-assisted continuing education platform can automatically rec-
ommend short learning modules during breaks or after shifts. When learning resources are
embedded into daily work processes, such as electronic medical records linked to educational
materials, nurses are more likely to engage in continuous learning without feeling an addition-
al burden.

Second, the diversity of learning places represents the richness and variety of learning resourc-
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es provided by Al environments. The particularity of adults makes it difficult to fix the place
where adults study. While people can choose different places for online and mobile learning,
there are still many things to learn that have to go to a fixed place or cost a lot of money, such
as training content that requires large equipment, or training that requires a lot of materials to
repeat practical operations. The application of Al is expected to break down these barriers that
restrict adult learning and completely change the situation. The combination of virtual reality
technology and Al can not only provide a sense of “reality” in terms of perception such as vi-
sion and hearing, but also achieve a sense of “real” touch. If educators no longer have to spend
a lot of money on materials and equipment, and learners do not have to squeeze out time to go
to fixed places of study, learners’ enthusiasm and efficiency will be greatly enhanced. The di-
versity of learning places should not be limited merely to the transformation of physical Spac-
es, but rather to the combination of physical and virtual Spaces. Traditional nursing training
often relies on lectures or printed manuals, but Al technologies enable multi-modal learning
experiences, such as video tutorials, virtual simulations, interactive quizzes, and case-based
discussions (Roveta et al., 2025). For instance, a nurse learning about wound care may simul-
taneously watch clinical videos, interact with virtual patients, and participate in Al-facilitated
peer discussions. The diverse formats not only make learning more engaging but also address
different learning preferences and cognitive styles among nurses.

Third, the personalization of learning content is one of AI’s most significant contributions to
lifelong learning. The realization of personalized learning should first be based on the differ-
ent characteristics of adult learners, with tailored learning strategies and personalized learning
guidance provided at the same time; rich and personalized learning resources should also be
provided for adult learners in different time and space settings; and it should enhance mean-
ingful interaction between learners and learning resources as well as among learners them-
selves (Zhou, 2018). The development of the Internet has provided adults with a vast amount
of learning resources, but adult learners have difficulty choosing the appropriate content to
study, let alone planning their learning paths well. To truly achieve personalized learning,
Al needs to have a deep understanding of adult learners and provide them with personalized
learning methods and content. For example, intelligent algorithms analyze nurses’ learning
behaviors, previous performance, and interests to tailor content and pacing. An Al-driven
learning management system might recommend advanced modules on intravenous therapy to
a nurse who excels in basic nursing procedures, while another nurse might receive more foun-
dational materials. Personalization ensures that learning remains relevant and efficient, help-
ing each nurse to achieve competence at an appropriate level and speed. It also aligns with the
self-directed nature of adult learning, giving nurses more control over their learning pathways.

Fourth, the interactivity of the learning process refers not only to the input and output of infor-
mation between humans and machines, but also to the communication and interaction between
learners as well as between learners and educators. Learning situations with good interactivity
have a significant effect on efficient learning in adults. The better the interactivity, the more it
can enhance the learning experience and efficiency of learners. Effective interaction between
humans and machines enables timely understanding of adults’ learning needs and learning
dynamics, thereby providing corresponding feedback. Educators can also adjust their teaching
strategies in a timely manner based on the learning situation of learners. Adult learners need
to exchange learning experiences with each other and create a relaxed and supportive learn-
ing atmosphere. And this will all be thanks to the further development and application of Al
technologies such as voice and facial recognition. For example, Al-based virtual patients can
respond dynamically to nurses’ interventions, creating a safe yet authentic learning environ-
ment. In addition, online communities supported by Al tools enable peer learning and mentor-
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ship across institutions. Such interactive features strengthen motivation and improve clinical
reasoning skills.

The final influencing factor is the effectiveness of learning evaluation, which involves re-
al-time evaluation and feedback on the learning process and learning outcomes. Being ac-
customed to evaluating the outcome of learning while neglecting evaluation throughout the
learning process not only affects the effectiveness of evaluation, but also affects learning
enthusiasm and learning outcomes due to the lack of effective feedback during the learning
period. To fully leverage the advantages of Al, real-time monitoring and analysis of various
factors such as the characteristics, time and place of adult learning, and comprehensive assess-
ment according to certain rules, both learners and educators can receive corresponding eval-
uation results in a timely manner. In addition, we should view the evaluation results dialecti-
cally, seek guidance and analysis from educators or others in a timely manner, and draw more
appropriate conclusions. The era of subjective evaluation by educators is fading away. For
instance, a nursing simulation system may track how accurately a nurse performs procedures
and provide instant feedback. Predictive analytics can also identify them at risk of falling be-
hind, allowing educators to offer timely support. Intelligent evaluation thus transforms assess-
ment from a final check into an ongoing, formative process that guides learning improvement.
Human-machine assistance will lead to more timely and effective learning evaluations, there-
by better promoting nursing professionals’ learning.

5. Strategies for Enhancing AI-Enabled Lifelong Learning in Nursing

Based on the five influencing factors discussed above, several strategies can help improve the
integration of Al into lifelong learning for nursing professionals. These recommendations are
aimed at three levels—institutions, educators, and individual nurses.

5.1 Institutional strategies

First, develop intelligent learning platforms. Hospitals, universities, and nursing associations
should invest in digital infrastructure that supports Al-based learning management systems.
A well-designed platform can offer modular courses, virtual simulations, and personalized
progress tracking. For example, hospitals can collaborate with universities to create shared
platforms where nurses complete required continuing-education credits through Al-assisted
MiCro-courses.

Second, integrate learning with clinical workflows. Al systems can link learning resources
with electronic medical records or daily clinical tasks. When a nurse documents patient care,
the system might suggest short, relevant learning materials such as updated wound-care guide-
lines. This contextualized learning reduces time barriers and makes education a seamless part
of professional practice.

Third, ensure data security and equity. Institutions must also guarantee information safety and
equal access. Data collected through Al platforms should be anonymized and used only for
educational purposes. Special attention should be paid to nurses in rural or resource-limited
hospitals to ensure they have equal opportunities for Al-supported learning.

5.2 Strategies for nursing educators

First, adopt a blended-learning mindset. Nursing educators should combine Al-enabled online
learning with traditional mentoring and clinical instruction. Blended models can balance effi-
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ciency and human interaction, which remains critical in developing professional empathy and
ethical judgment.

Second, enhance digital literacy and instructional design skills. Educators need professional
development to design effective Al-based courses. Understanding how to interpret learning
analytics, adjust algorithms, and evaluate learner data will help teachers use Al more mean-
ingfully. Universities can organize training workshops or certification programs on digital
pedagogy for nursing faculty.

Third, focus on reflective learning and critical thinking. While Al can provide information
quickly, educators must guide nurses to reflect, question, and apply what they learn. Assign-
ments that connect Al-generated feedback with real clinical cases can strengthen critical think-
ing and judgment.

5.3 Strategies for individual nurses

First, strengthen self-management and motivation. Lifelong learning requires self-discipline.
Nurses should actively schedule learning time, set personal goals, and use Al tools to monitor
their progress. Gamified learning modules or digital badges can increase motivation.

Second, develop digital and information literacy. Nurses need to understand how Al systems
operate and how to evaluate digital resources. Basic knowledge of data ethics, privacy, and al-
gorithm bias can help them use Al safely and responsibly.

Third, build collaborative networks. Al platforms that support social learning allow nurses to
share experiences and solutions. Participating in online communities of practice encourages
knowledge exchange across departments or hospitals, enhancing professional growth.

6. Conclusion

The integration of Al into nursing education marks a new stage in the development of lifelong
learning. Al technologies expand the possibilities for continuous professional development
by making learning more accessible, diverse, and data-driven. This study identified five major
influencing factors that shape nurses’ engagement with Al-based learning: the convenience
of intelligent applications, the diversity of learning places, the personalization of learning
content, the interactivity of the learning process, and the effectiveness of learning evaluation.
As adult learners, nurses benefit from flexible and relevant learning experiences that connect
directly to their clinical work. Al provides technical means to support these needs through in-
telligent recommendation systems, adaptive simulations, and real-time feedback. Yet technol-
ogy alone cannot guarantee effective learning. Institutional support, educator competence, and
individual motivation remain decisive factors.

Future research should explore empirical evidence on how Al affects learning outcomes and
patient care quality. Longitudinal studies and mixed-methods approaches could measure how
nurses’ skills, satisfaction, and confidence evolve through Al-supported learning. Policymak-
ers and hospital administrators should view Al not as a substitute for human instruction but
as a collaborative partner that enhances the capacity of both teachers and learners. Ultimately,
Al-enabled lifelong learning can offer a sustainable pathway for building a professional, in-
novative, and compassionate nursing workforce capable of meeting the complex demands of
modern healthcare.
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