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Introduction

In the rapidly evolving landscape of healthcare, nursing education faces mounting pressures:
shrinking clinical placement opportunities, increasing complexity of patient care, and the
need to prepare nurses who can adapt to change, think critically, and practice evidence-based
care. Traditional, “one-size-fits-all” lecture formats are less able to address the heterogeneous
needs of learners, especially when student cohorts vary widely in prior knowledge, learning
pace, and learning style. In response, many educators and institutions are exploring Al-
driven adaptive learning platforms — systems that use algorithms and data analytics to
dynamically adjust content, pacing, and feedback in response to learner performance.

Such platforms promise to offer personalized learning pathways, detect knowledge or skill
gaps in real time, deliver timely feedback, and generate customized study plans tailored to
each student’s needs. In the context of nursing education — where mastery of complex, often
procedural, clinical skills is critical — these Al-enabled systems have especially strong
potential. However, adoption is not without challenges: issues of transparency, bias,
infrastructure, scalability, human oversight, and pedagogical alignment remain.

This article presents a conceptual framework for Al-driven adaptive learning in nursing
education; reviews existing evidence and use cases; discusses benefits and limitations; and
offers recommendations for educators, institutions, and researchers.

Theoretical Foundations and Mechanisms of Al-Driven Adaptive Learning

Adaptive learning (or personalized learning) refers broadly to educational systems that adjust
the presentation of material, pacing, assessments, and support in response to learner behavior,
performance, and preferences. In Al-driven adaptive learning systems (often powered by
machine learning, knowledge tracing models, reinforcement learning, or hybrid algorithms),
the system continuously collects data from user interactions—correct/incorrect responses,
time spent, patterns of mistakes, hints requested—and then predicts learner needs, adjusts
difficulty, recommends resources, or intervenes (Gligorea et al., 2023). (MDPI)

In nursing education, such systems might integrate:
o Intelligent tutoring systems (ITS) that scaffold learning of clinical decision-making,
patient scenarios, or protocol-based steps.

o Adaptive quizzes and assessments, which branch depending on learner responses
and identify weakest domains.
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« Content recommendation engines, which suggest targeted modules, supplementary
videos, or micro-lessons to address deficits.

o Real-time feedback loops, where the system flags errors, gives hints, or prompts
reflection immediately.

e Analytics dashboards for instructors, indicating class-wide trends and individual
student risk zones.

Some models further embed explainable Al components to justify adaptive decisions,
improving transparency and trust (Mosleh, Devlin, & Solaiman, 2025). (arXiv)

A recent example in nursing education is the AID-TANE framework: an Al-driven
educational intervention tested with community health nursing students, where post-
intervention knowledge about older adults significantly improved (from mean 33.29 to 36.04,
p< .001). (MDPI) The framework uses continuous feedback and adaptive pathways for
competencies in caring for older adults.

Thus, the mechanism is: data in — model prediction — dynamic adaptation — feedback
to learner (and instructor). Over time, the system “learns” more about individual learners
and can refine pathways.

Evidence and Use Cases in Nursing Education

Although the field is nascent, growing empirical and review literature supports the potential
of Al-adaptive platforms in nursing education.

Scoping and Review Studies

Andersen, Jgrng, and Nortvig (2022) conducted a scoping review on blending adaptive
learning technologies into nursing education; they found that adaptive quizzes, scenario-
based branching, and module remediation are among the most applied strategies in nursing
programs. (cedtech.net) They noted that adoption is often piecemeal (within a course or
module), rather than system-wide.

Labrague, Al Sabei, and Al Yahyaei (2025) reviewed 16 articles and classified Al teaching
strategies into three types: (1) Al-driven simulation learning, (2) Al-augmented instruction,
and (3) Al-generated content and tools. They found that Al simulation enhanced student
engagement and readiness, Al instruction improved problem-solving, and Al content
generation facilitated interactive preparation (e.g. question banks, chatbots) (Labrague et al.,
2025). (ResearchGate)

Glauberman et al. (2023) discuss how Al can transform nursing education by aligning
learning with individualized needs and better preparing nurses for evidence-based practice.
(PMC)

Wei et al. (2025) critically evaluated Al integration in nursing, calling out promises as well as
limitations, including ethical challenges and system robustness concerns. (PMC)

Practical Implementations
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Adaptive quizzing within exit exam prep: Some nurse education programs have
introduced adaptive quizzes that identify weak content areas and direct students to
extra practice modules. For example, Presti and Sanko (cited in Andersen et al., 2022)
reported improved exit exam scores when adaptive quizzing was implemented.
(cedtech.net)

Hybrid course with integrated adaptive modules: In blended nursing courses,
adaptive learning modules can be used for pre-class self-study, freeing face-to-face
class time for higher-order discussion, simulation, or problem-solving (Andersen et
al., 2022). (cedtech.net)

Simulated learning augmented by Al: Al-enabled simulations can tailor scenarios
dynamically based on learner actions and provide immediate feedback, rather than
fixed flows (as found in the Labrague et al. scoping review). (ResearchGate)

Pilot Al-driven tutorials: The AID-TANE pilot with nursing students (Maguire et
al.) demonstrated measurable knowledge gains and qualitative benefits (e.g. enhanced
empathy, communication understanding) after Al-enhanced modules. (MDPI)

These examples hint at the potential for Al-driven platforms to transform sections of
curricula, though broad, sustained adoption remains limited currently.

Benefits of Al-Driven Adaptive Learning in Nursing Education

When properly designed and implemented, Al adaptive platforms offer multiple advantages:

1.

Highly individualized learning paths
Students progress at their own pace, receive content tailored to their strengths and
weaknesses, and avoid redundancy (i.e., skipping material they already master). This
individualization helps reduce frustration for fast learners and prevents overload for
slow learners.

Precise gap identification
The system can detect subtle patterns—e.g. consistent errors in dosage calculation, or
misunderstanding of pathophysiology—and alert learners (and instructors) to areas
needing remediation.

Real-time, immediate feedback
Rather than waiting for graded assignments, learners receive instant hints, error
explanations, or scaffolding prompts, which supports timely correction and
consolidation of learning.

Data-driven decision support for instructors
Instructors get dashboards highlighting at-risk learners, class-wide weak topics, and
trends over time, enabling targeted interventions (e.g. remedial sessions, peer
tutoring) rather than generic reinforcement.

Efficiency and scalability
Once built, Al systems can support many learners concurrently with minimal
incremental cost. They reduce dependence on instructor time for routine remediation
or monitoring.

Enhanced engagement and motivation
Adaptive systems often use gamified elements (e.g., badges, progress bars, levels) that
foster motivation. Because materials are neither too hard nor too easy, learners are
more likely to remain engaged.
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Bridging the theory—practice gap
In nursing, applying knowledge to clinical scenarios is vital. Al adaptive simulations
can gradually increase complexity based on learner readiness, helping students
transition from theory to simulated practice before real patients.

Moreover, the alignment with competency-based education (CBE) enhances their
relevance: adaptive systems can map performance trajectories to predefined competencies
and adjust pathways accordingly (Maguire et al., 2025). (MDPI)

Collectively, these benefits suggest that Al-driven adaptive learning can better tailor the
educational journey, improve learning outcomes, and optimize instructional effort.

Challenges, Risks, and Ethical Considerations

While promising, Al-driven adaptive learning in nursing education also faces significant
challenges. Addressing these is critical to successful, responsible deployment.

1.

Transparency and “black box” issues
Many Al/ML models (e.g. deep neural nets) are opaque: learners and educators may
not understand why the system recommended a particular module or graded an action
as erroneous. Without explainability, user trust may suffer (Mosleh et al., 2025).
(arXiv)

Algorithmic bias and fairness
If training data reflects systemic bias (e.g. underrepresentation of certain learner
demographics), the adaptive system may perpetuate inequities by underestimating
capabilities or offering biased remediation paths.

Cold-start and data sparsity
When a student first begins, the system has little or no data from prior interactions to
accurately infer learning needs. Early stages may be less personalized until sufficient
data accumulates (Gligorea et al., 2023). (MDPI)

Privacy, data security, and consent
Collecting fine-grained student interaction data poses risks around privacy and
confidentiality. Secure data governance, anonymization, and consent mechanisms are
essential.

Infrastructure and cost barriers
Many institutions, especially in low- and middle-income settings, lack the
infrastructure (bandwidth, computing resources, integration with LMS) to deploy
sophisticated Al systems.

Faculty readiness and pedagogical alignment
Educators may resist or lack competence to integrate Al systems into curricula, may
distrust them, or fail to scaffold learners’ use appropriately. Effective professional
development is needed (Wei et al., 2025). (PMC)

Overreliance and reduction of human judgment
There is a risk that learners become passive recipients of Al direction rather than
active thinkers. It is crucial that Al augments, not replaces, reflective educator
guidance.

Evaluation, validation, and sustainability
Few longitudinal studies exist to confirm sustained impact on learning, retention,
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transfer to clinical settings, or professional competence. Many pilots remain short-
term.

Ethical and regulatory oversight
Issues such as data ownership, algorithmic accountability, transparency, and
compliance with educational or health regulations must be addressed upfront.

As Couper (2024) notes, Al in nursing education must be balanced by careful integration
strategies, ethical safeguarding, and ongoing evaluation. (jnursrcp.com)

Practical Strategies for Implementation

To harness the potential of Al-driven adaptive learning in nursing education while mitigating
risks, institutions and educators may follow a phased, thoughtful approach.

1.

10.

Begin with pilot modules
Rather than full-curriculum deployment, start with targeted courses (e.g.
pharmacology, pathophysiology, dosage calculation) where adaptive quizzes and
remediation can be trialed.

Co-design with educators and students
Involve faculty, instructional designers, and learners in the design of content
adaptation rules, thresholds, and feedback styles to enhance acceptance and usability
(Andersen et al., 2022). (cedtech.net)

Use explainable Al components
Integrate transparency layers (e.g. “why this module was assigned,” or “why this
feedback™) to foster trust and enable human oversight (Mosleh et al., 2025). (arXiv)
Ensure data governance and privacy safeguards
Adopt anonymization, encryption, consent protocols, and institutional oversight to
protect learner data.

Embed human-in-the-loop oversight
Educators should monitor dashboards, validate Al decisions, intervene in flagged
cases, and interpret analytics—not cede full control to the machine.

Provide faculty training and support
Offer professional development so that educators understand the system’s logic,
limitations, interpretation of analytics, and pedagogical integration.

Iterative evaluation and feedback loops
Collect quantitative and qualitative evaluation data (student outcomes, satisfaction,
retention) and iteratively refine algorithms, rules, and user interfaces.

Scalability and integration
Integrate with existing Learning Management Systems (LMS), simulation labs, and
electronic resources. Use modular architecture so new adaptive modules can plug in
over time.

Ethical review and regulatory compliance
Establish review boards, oversight committees, and alignment with institutional
policies related to educational technology, Al ethics, and data use.

Focus on long-term outcomes and research
Commit to longitudinal studies capturing retention, transfer to clinical practice, and
cost-effectiveness to build evidence base.
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By following these strategies, nursing schools can gradually build adaptive ecosystems that
amplify, rather than replace, the role of skilled educators.

Future Directions and Research Needs

As Al-driven adaptive learning systems gain traction in nursing education, several research
and development directions merit attention:

o Longitudinal impact studies: Few studies track learners into clinical practice; more
work is needed to examine how adaptive learning influences competence over time.

o Integration with simulation and procedural assessment: Emerging Al models (e.g.
video-language models for procedural error detection) may complement adaptive
learning by assessing psychomotor skills and giving multimodal feedback (Chang et
al., 2025). (arXiv)

o Generative Al and content creation: Large language models may help dynamically
generate case scenarios, quiz items, or explanatory content tailored to learners (Maity
& Deroy, 2024). (arXiv)

o Explainable Al and learner transparency: More work is needed in making model
decisions interpretable to learners and educators (Mosleh et al., 2025). (arXiv)

e Equity, inclusion, and bias mitigation: Research should evaluate how adaptive
systems perform across diverse learner populations and whether they amplify or
reduce educational disparities.

o Adaptive collaborative learning: Hybrid systems that adapt not just individually but
in group or peer-learning contexts.

o Context-aware adaptation: Systems that take into account contextual signals (e.g.
stress, fatigue, schedule) to adjust learning load.

o Interoperability and standards: Developing standard interfaces so adaptive modules
can plug into various LMS or simulation environments.

o Cost-benefit and scalability analysis: Formal evaluations to assess return on
investment and feasibility in diverse institutional settings.

As the field matures, synergizing Al with human pedagogical expertise will be key to
creating robust, trustworthy, and effective adaptive learning ecosystems in nursing education.

Conclusion

Al-driven adaptive learning offers a promising path forward in nursing education: tailoring
learning pathways, diagnosing gaps in real time, providing immediate feedback, and
optimizing each student’s journey toward competency. Early evidence and pilot initiatives
already point to improvements in engagement, knowledge acquisition, and learner
satisfaction. However, realizing the full potential of these systems requires careful attention
to transparency, bias mitigation, privacy, faculty readiness, and sustained evaluation.

In nursing education — where clinical decision-making, procedural competence, and patient
safety are paramount — adaptive learning systems must be designed not to replace educators,
but to augment their capabilities. Educators remain critical in interpreting analytics, guiding
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reflective thinking, mentoring learners, and ensuring that Al recommendations align with
pedagogical goals.

For nursing schools and educators considering adoption, starting with small, well-defined
pilots, building co-designed systems, embedding human oversight, and committing to
continuous evaluation are sound strategies. Over time, robust adaptive ecosystems may help
produce nurses who are better prepared, more self-directed, and more resilient in a rapidly
evolving health care environment.

If you like, | can also convert this into a formatted journal article breakdown (intro, methods,
results, discussion) or provide a shorter version for presentation. Would you like me to do
that?
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