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Summary:

Medical education faces the challenge of managing large volumes of information and preventing superficial
learning. Spaced repetition, based on the forgetting curve, strengthens long-term retention and promotes
meaningful learning. Its integration with artificial intelligence (AI) allows for personalized review intervals,
automated material generation, and immediate feedback, expanding the pedagogical potential of this strategy.
Objective: To evaluate the effectiveness and applicability of Al-assisted spaced repetition in health sciences
education. Methods: A descriptive systematic review was conducted according to PRISMA 2020 guidelines. The
search was performed in Google Scholar and Web of Science (2020-2025) using the terms “spaced repetition,”
“medical education,” “learning,” and “artificial intelligence.” Original studies, reviews, and applied reports
addressing spaced repetition with or without Al were included. Of the initial 1,870 records, 18 studies met the
inclusion criteria and were analyzed qualitatively. Results: Direct evidence showed that Al improves the
personalization of review intervals, the quality of feedback, and knowledge consolidation. Indirect evidence
confirmed the effectiveness of traditional spaced repetition, with sustained benefits in academic performance
and recall on standardized tests. Complementary evidence highlighted that AI enhances other learning
processes, such as automated tutoring, clinical simulation, and microlearning. Conclusions: Al-assisted spaced
repetition represents an innovative pedagogical strategy consistent with competency-based medical education.
It facilitates personalized learning, strengthens retention, and promotes student autonomy. However, the
methodological limitations of the available studies underscore the need for longitudinal, multicenter research to
evaluate its educational and clinical impact and incorporate ethical strategies that ensure equity and human
oversight in the use of these technologies.

Keywords: spaced repetition; medical education; artificial intelligence; meaningful learning.
Resumen:

La educacion médica enfrenta el reto de gestionar grandes volumenes de informacién y prevenir el aprendizaje
superficial. La repeticion espaciada, basada en la curva del olvido, fortalece la retencién a largo plazo y favorece
el aprendizaje significativo. Su integracion con la inteligencia artificial (IA) permite personalizar los intervalos de
repaso, automatizar la generacion de materiales y ofrecer retroalimentacion inmediata, ampliando el potencial
pedagogico de esta estrategia. Objetivo: Evaluar la efectividad y aplicabilidad de la repeticion espaciada asistida
por IA en la docencia de Ciencias de la Salud. Métodos: Se realizé una revision sistematica descriptiva conforme
a PRISMA 2020. La buisqueda se llevo a cabo en Google Scholar y Web of Science (2020-2025) utilizando los
términos “spaced repetition”, “medical education”, “learning” y “artificial intelligence”. Se incluyeron estudios
originales, revisiones y reportes aplicados que abordaran la repeticiéon espaciada con o sin IA. De 1870 registros
iniciales, 18 estudios cumplieron los criterios de inclusion y fueron analizados cualitativamente. Resultados: La
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evidencia directa mostr6 que la IA mejora la personalizacién de los intervalos de repaso, la calidad de la
retroalimentacion y la consolidacién del conocimiento. La evidencia indirecta confirmé la eficacia de la
repeticion espaciada tradicional, con beneficios sostenidos en rendimiento académico y memoria en examenes
estandarizados. La evidencia complementaria destacé que la IA potencia otros procesos formativos, como la
tutoria automatizada, la simulacién clinica y el microaprendizaje. Conclusiones: la repeticion espaciada asistida
por IA representa una estrategia pedagdgica innovadora y coherente con la educacién médica basada en
competencias. Facilita la personalizaciéon del aprendizaje, fortalece la retenciéon y promueve la autonomia
estudiantil. Sin embargo, las limitaciones metodoldgicas de los estudios disponibles subrayan la necesidad de
investigaciones longitudinales y multicéntricas que evaltien su impacto educativo y clinico, e incorporen
estrategias éticas que garanticen la equidad y la verificacién humana en el uso de estas tecnologias.

Palabras clave: repeticion espaciada; educacion médica; inteligencia artificial; aprendizaje significativo.

1. Introduction

Health sciences education faces the ongoing challenge of adapting to the rapid pace of scientific
and technological advancements. This continuous flow of information compels teachers and students
to constantly update their knowledge, often leading to cognitive overload and superficial learning.
Evidence shows that intensive assimilation of content in short periods results in rapid forgetting
when structured review strategies are not employed (1). In this context, spaced repetition emerges as
an evidence-based pedagogical tool that organizes reviews at progressively longer intervals to
reinforce memory traces and consolidate long-term retention. In medical education, this strategy has
been shown to improve conceptual understanding, knowledge transfer to clinical practice, and the
development of independent learning (2-3).

The incorporation of artificial intelligence (Al) amplifies and optimizes the potential of spaced
repetition. Adaptive algorithms and large-scale language models can dynamically adjust the
frequency and difficulty of activities according to student performance, generate individualized
materials, and provide immediate feedback. Technologies such as Retrieval-Augmented Generation
(RAG) allow linking content to validated sources, organizing relevant information, and creating
clinical simulation scenarios, promoting more contextualized and meaningful learning (4-6).

However, this integration also raises ethical, methodological, and pedagogical challenges. These
include the validity of Al-generated content, algorithmic biases that can influence information
selection, and inequality in access to digital platforms (7). Although the literature has extensively
documented the effectiveness of spaced repetition and Al educational applications separately,
evidence on their convergence remains limited and scattered (8-10).

Given this scenario, the objective of this systematic review is to analyze the available evidence on
the effectiveness of Al-assisted spaced repetition in Health Sciences teaching, contrasting its benefits,
limitations and possible applications to strengthen meaningful learning.

2. Methods

A descriptive systematic review was conducted, following the PRISMA 2020 guidelines, with the
aim of synthesizing the scientific evidence on the application of Al-assisted spaced repetition in
health sciences education. Studies that, while not directly integrating Al, addressed pedagogical
strategies that could be combined with this technology were also considered.

The search was conducted using the Google Scholar academic search engine and the Web of
Science database, selecting articles published within the last five years (2020-2025) to ensure the
currency and relevance of the information. The search strategy employed the following English
descriptors: “spaced repetition,” “medical education,” “learning,” and “artificial intelligence,”
combined with Boolean operators (“AND,” “OR”) to broaden and refine the results. Inclusion criteria
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included original articles, systematic reviews, meta-analyses, and perspective or opinion studies with
an educational foundation, published in English or Spanish, that provided relevant data on the use of
spaced repetition—with or without AI—in health sciences learning. Duplicate studies, those lacking
pedagogical application or empirical evidence, and those without full-text access were excluded. The
study selection process was documented using a PRISMA flowchart (Figure 1), which reflects the
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excluding 315 for not providing empirical evidence or for lack of access to the full text. Finally, 18
articles met the criteria and were included in the qualitative synthesis, grouped into three categories:
direct evidence, indirect evidence, and complementary evidence. The studies were grouped into
three categories:

1. Direct evidence (Al + spaced repetition)

Five studies directly evaluated the integration of artificial intelligence and spaced repetition,
showing improvements in interval personalization, immediate feedback, and automated generation
of educational content. Consistent benefits were reported in knowledge consolidation and academic
performance, with retention increases of up to 75-80% in digital environments with generative Al
(Table 1).

2. Indirect evidence (spaced repetition without Al)

Six studies confirmed the effectiveness of traditional spaced repetition in medical education,
with sustained improvements in academic performance and retention, especially on standardized
tests such as the USMLE Step 1. This evidence highlights that the strategy is robust even without Al,
and has broad potential for automated personalization (Table 2).
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3. Complementary evidence (Educational Al without a focus on spaced repetition)

Seven studies evaluated other Al applications in medical education, including clinical image
generation, automated tutoring, microlearning, and clinical simulation. All reported improvements
in self-directed learning, adherence, and personalization, reinforcing the overall potential of Al to
optimize cognitive and educational processes (Table 3).

4. Discussion

The results of this systematic review show that spaced repetition—both in its traditional
application and when integrated with artificial intelligence (AI)—is a highly effective strategy for
improving knowledge retention, conceptual understanding, and learner autonomy in the health
sciences. Based on the eighteen included studies, the findings are grouped into three dimensions that
allow us to understand the breadth and depth of the phenomenon : (1) the direct pedagogical
effectiveness of Al applied to spaced repetition, (2) the proven robustness of spaced repetition
without Al, and (3) the complementary contributions of Al in other educational processes.

1. Direct pedagogical effectiveness of Al applied to spaced repetition

Studies integrating AI with spaced repetition (1-5) show that the technology enhances
personalized learning, automates material generation, and improves immediate feedback. Arango-
Ibanez et al. (2) demonstrated that active recall combined with Al facilitates knowledge consolidation
in medical students. Similarly, Cicek et al. (6) showed that ChatGPT-3.5 can provide feedback
equivalent to that of expert tutors, improving clinical reasoning. Bachiri et al. (3) reported significant
increases in retention (75-80%) using generative Al for the automatic creation of questions, while
Bjurstrom et al. (4) documented the increasing use of Al-powered smart flashcards among medical
students. However, these advances are accompanied by methodological limitations: cross-sectional
designs, small sample sizes, and limited measurement of clinical impact. Furthermore, from an
ethical and human perspective, the evidence agrees that Al does not replace faculty supervision. The
generation of clinical scenarios or medical images requires expert human validation, given the risk of
errors, biases or inappropriate content (1, 3, 5).

2. Pedagogical soundness of spaced repetition without Al

Indirect studies (6—11) confirm that traditional spaced repetition works even in the absence of Al,
offering a horizon of equity for resource-limited institutions. Wothe et al. (21), Gilbert et al. (8), and
Cooper et al. (7) found sustained improvements on standardized tests such as the USMLE Step 1,
reinforcing Anki's intrinsic effectiveness as a structured learning tool. The meta-analysis by
Martinengo et al. (12) provided robust evidence of improvements in knowledge, clinical skills, and
professional conduct through digital interventions based on spaced repetition. Mehta et al. (13) and
Yao et al. (22) showed that this strategy improves retention from the early years of training and is
especially useful in visual learning. This demonstrates that spaced repetition already provided
personalized, self-regulated, and competency-oriented education; Al does not redefine the method
but rather optimizes it, adding predictive, adaptive, and analytical capabilities.

3. Complementary contributions of Al in medical education

Studies applying Al in medical education without focusing directly on spaced repetition (12-18)
show additional benefits. Stirrat et al. (16) demonstrated that Al can generate realistic clinical images
useful for teaching, while Kim (11) and Valladares and Rojas (18) showed that chatbots can
complement human tutoring and promote student autonomy. Sriram et al. (14) reported that Al in
clinical simulation personalizes learning progression, while Ahmed et al. (1) and Slinger et al. (15)
showed adherence rates exceeding 70% on Al-assisted microlearning platforms.
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Table 1. Direct evidence (Al + spaced repetition)

Reference Title Ts};lp;z;f SCa:;l::zt/ Applied strategy Tool used Results le;tfa:izgzrllfeevel
Evidence-Based = Experimental 80 medical Active recall and ChatGPT-4, Al improved feedback Short duration; no
Learning students spaced repetition DALL-E3 and knowledge longitudinal follow-
Arango-Ibanez Strategies in with test consolidation up
JPetal., 2024 (2) Medicine Using generation,
Al mnemonics, and
visual aids
Medical Narrative International  Integration of Alin ~ ChatGPT-4 Democratize access to Lack of quantitative
education and review Studies medical training applied to knowledge; improve measurement
XuY etal, 2024 physician curricula and personalization
(22) training in the simulations
era of artificial
intelligence
ChatGPT versus  Randomized 60 clinical Spaced repetition =~ ChatGPT-3.5  Performance similar to 1 institution; small
. expert feedback controlled medicine with immediate expert tutors; improved sample
Cicek FE et al., .. . L o
2025 (6) on chn%cal trial students feedback critical thinking
reasoning
questions
Digital learning National 1250 students Use of digital Anki, Quizlet, 66.4% use flashcards Subjective self-
Bjurstrom MF et resource use survey flashcards and Al ChatGPT weekly; positive assessment
al., 2025 (4) among Swedish perception
medical students
Harnessing Multi-method 50 students Generative Al for T5 System +  75-80% improvement in Limited
and 10 teachers automatic item RoberTa retention customization

Bachiri YA et al.,

2025 (3)

generative Al to

boost active
retrieval and

retention in
MOOCs

experimental

creation
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Table 2. Indirect evidence (spaced repetition without Al, with potential integration).

Author Title Type of study SCa:rIlI::f(t/ Applied strategy Results Potentlai\fi(t):llziegratlon
Wothe JKetal,  Academic and Wellness Observational 120 students  Daily use of Anki Better scores on USMLE Adaptive algorithms
2023 (21) Outcomes Associated with Step 1 and greater well-
use of Anki Spaced being
Repetition Software
Gilbert MM et A Cohort Study Assessing Longitudinal 95 students  Anki training for 1 Improved sustained Automated usage analytics
al., 2023 (8) the Impact of Anki as a cohort year performance
Spaced Repetition Tool

Cooper Setal,, The Effect of Spaced Cross 150 students ~ Curricular use of Improvements in USMLE Automated curriculum

2023 (7) Repetition Learning Anki Step 1 and less failure synchronization

Through Anki
Martinengo L. Spaced Digital Education Systematic Healthcare Digital Improvement in clinical Smart reminders
etal., 2024 (12) for Health Professionals review and professionals  interventions with knowledge and skills
meta-analysis spaced repetition

Mehta A etal., Implementation of Spaced Comparative 29 students Early Better grades and Predictive Al for

2023 (10) Repetition by First-Year retrospective implementation of retention reinforcements

Medical Students Anki
Yao Ketal., Spaced Repetition Review applied Radiology Anki for visual High effectiveness in Al for pattern recognition
2025 (23) Learning in Radiology Education learning visual learning
Education

USMLE Step 1: Standardized basic science exam for medical certification in the United States.
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Table 3. Complementary evidence (Al applied to medical education without a focus on spaced repetition).

Limitations / Level of

Author Title Type of study SCal;?t):zt/ Al-powered strategy Relevance evidence
Stirrat T et al., Advancing radiology Applied Teachers and Al-powered clinical Improves teaching in Without quantitative
2024 (17) education for medical descriptive residents image generation radiology measurement
students
Kim TW, 2023 = Application of artificial Quasi- Medical Automated tutoring Increases autonomous Without longitudinal
(11) intelligence chatbots in = experimental Students with ChatGPT learning follow-up
education
Sriram A etal., = Artificial Intelligence in =~ Experimental 80 surgical Alin clinical Personalize progression External validation is
2025 (16) Medical Education with control residents simulation and practice lacking
Valladares AG, Artificial intelligence Cross- 60 students Al vs. Human Al complements the It does not evaluate long-
Rojas JA, 2023 = tutoring versus tutoring sectional Tutoring teacher term results
(18) with experts comparison
Kaur Getal, Navigating Digital Theoretical University Educational analytics = It proposes pedagogical There is no empirical
2025 (10) Medical Education in the review medical with Al integration evidence
Current Era education
Ahmed Tetal.,, QuizTime: Innovative Platform Vanderbilt Customized Just-in-time learning Without experimental
2023 (1) Learning Platform description University asynchronous control
questionnaires
Slinger Petal,,  Innovative Mobile App Prospective 105 Mobile microlearning = 75% adherence and self- Limited sample
2025 (15) (CPD By the Minute) multi-method | anesthesiologist assessment
s improvement




Even so, these advances must be implemented with caution. The automated generation of
educational content can create extremely realistic materials that, without supervision, may lead to
confusion or learning errors (12, 14). Furthermore, technological equity challenges remain a
legitimate concern, as unequal access to devices, connectivity, and Al platforms can widen
educational gaps.

Ethical, pedagogical and human implications

From an ethical and pedagogical perspective, the integration of Al in medical education requires
clear guidelines. In addition to recognizing algorithmic bias, data privacy, and equitable access as
core risks, concrete mitigation strategies are needed. These include: (a) incorporating mandatory
modules on Al ethics and digital literacy into curricula; (b) establishing institutional protocols for
systematic human review of Al-generated content before its use in teaching; (c) using only platforms
with transparent data handling and anonymization policies; and (d) designing access policies that
include offline or low-cost alternatives to reduce the technological gap among students. These
measures ensure that Al is used as a support tool and not as a substitute for professional judgment.

The reviewed evidence agrees that the integration of Al in medical education has enormous
potential, but it introduces ethical, epistemological, and social questions that cannot be ignored and
reflect that Al should be understood as a resource to enhance, not replace, the teaching profession:

* Technological equity: unequal access can widen educational gaps (4, 12, 15).

¢ Cognitive dependence: intensive use of Al without supervision can impair critical thi-
nking (13, 15).

* Human verification: teachers remain responsible for validating all Al-generated content
(1,3,12).

* Teaching load: intensive personalization of learning implies greater dedication to moni-
toring and feedback (6-8, 14).

The scientific evidence reviewed shows that Al-assisted spaced repetition is not only a
promising strategy but also an opportunity to connect the neuroscience of learning, pedagogy, and
emerging technology. When implemented with human supervision, ethical awareness, and
institutional equity, it can strengthen student retention, decision-making, and autonomy —three
essential elements for contemporary medical education.

Summary of the main findings

Taken together, the reviewed findings allow us to identify three central ideas. First, spaced
repetition—with or without Al—maintains a strong and consistent effectiveness in improving
retention, deep understanding, and independent learning in the health sciences. Its effectiveness is
supported by both experimental studies and longitudinal research, reaffirming its value as a
structural pedagogical strategy.

Second, artificial intelligence doesn't transform the essence of the method, but rather acts as a
catalyst that optimizes its processes: it adjusts intervals, personalizes learning paths, generates
materials more quickly, and allows for immediate feedback. However, these benefits always require
expert human verification, since excessive realism and automation can introduce errors, biases, or
unvalidated content.

Third, the integration of Al in medical education opens up opportunities, but also ethical and
operational challenges. Technological gaps persist, as do the risks of cognitive dependence and the
additional burden on teachers to supervise, validate, and guide the training process. This demands
clear guidelines, digital literacy, equity policies, and institutional mechanisms that guarantee the safe,
responsible, and pedagogically sound use of these tools.
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5. Conclusions

Al-assisted spaced repetition is emerging as an innovative and effective pedagogical strategy
in health sciences education. Its integration with adaptive learning systems enhances
knowledge retention, self-regulation, and cognitive efficiency in students. Al amplifies the
potential of spaced repetition by providing immediate feedback, adjusting review intervals,
and generating personalized resources, aligning with current trends in competency-based
medical education.

Despite its effectiveness, methodological limitations persist in the reviewed literature,
particularly regarding sample size, heterogeneity of study designs, and the lack of
longitudinal studies evaluating long-term outcomes and their actual clinical impact. It is
recommended that multicenter, controlled research be conducted to delve deeper into these
aspects and allow for a more rigorous assessment of the effectiveness of Al-assisted spaced
repetition in different educational contexts.

The combination of Al and spaced repetition does not replace the pedagogical foundation of
the strategy, but rather transforms and amplifies the teacher's role as a critical mediator of
knowledge and the student's role as an active participant in their own learning. This synergy
between human and artificial intelligence can contribute to a more effective, equitable, and
sustainable medical education, geared toward training critical, reflective, and ethically
responsible professionals.
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