Revista Espafiola UNIVERSIDAD DE | 4

de Educacién Médica
CeuEM

MURCIA

Innovative Educational Design in Oral Pathology: Current
State of Evidence on Microlearning and Proposal of an
Instructional Model.

Innovative Educational Design for Oral Pathology: Current
evidence on microlearning and a proposed instructional
framework.

Silvia Norma Carno, Ana del Carmen Aybar Odstrcil

'Laboratory of Pathological Anatomy. Faculty of Dentistry. National University of
Tucuman. San Miguel de Tucuman. 4000. Argentina.
*Correspondence: anaybarster@gmail.com

Received: 10/2/26; Accepted: 31/3/26; Published: 1/4/26
Summary

Microlearning (ML) has become established as an innovative pedagogical strategy based on the
presentation of brief, focused, and self-contained content, aimed at optimizing skills acquisition and
reducing cognitive load. In the health sciences, its implementation has been enhanced by the use of
digital tools (DGT), especially in virtual, hybrid, and mobile learning contexts. The objectives of this
study were to analyze the available evidence on the use of ML and DGT in teaching oral pathology.
A structured descriptive literature review was conducted, and based on the data obtained, an
innovative instructional design for ML applied to the topic of malignant salivary gland neoplasms
was proposed. A structured literature review was performed using PubMed, Google Scholar, and
SciELO, with support from the SciSpace tool. Studies published between 2010 and 2025 that
evaluated educational experiences based on virtual microscopy (VM) and/or digital visualization
(DV) in the teaching of anatomical pathology or oral pathology were included. The results show
that VM, especially through microvideos, flashcards, infographics, and gamification strategies, is
associated with significant improvements in participation, satisfaction, and academic performance,
surpassing traditional methods in several cases. In oral pathology, virtual microscopy (VM) stands
out as a widely validated tool, promoting the understanding of histopathological patterns,
clinicopathological integration, and diagnostic confidence. The integration of VM with DV,
particularly with VM, represents an effective pedagogical approach for teaching oral pathology.
Given that VM has been scarcely explored specifically in this area, the proposed instructional model
gains relevance as an opportunity for educational innovation and highlights the need for
longitudinal studies that evaluate its long-term impact and facilitate its curricular integration.

Keywords: Microlearning; digital tools; virtual microscopy; pathological anatomy; oral pathology;
health sciences education.

Abstract

Microlearning(ML) has become established as an innovative pedagogical strategy based on the
presentation of brief, focused, and self-contained content, aimed at optimizing skills acquisition and
reducing cognitive load. In the health sciences, its implementation has been enhanced by the use of
digital tools (DGTs), especially in virtual, hybrid, and mobile learning contexts. The objectives of
this study were to analyze the available evidence on the use of ML and DGTs in teaching oral
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pathology. A structured descriptive literature review was conducted, and based on the data
obtained, an innovative instructional design for microlearning applied to the topic of malignant
salivary gland neoplasms was proposed. A structured narrative literature review was conducted
through searches in PubMed, Google Scholar, and SciELO, supported by the SciSpace tool. Studies
published between 2010 and 2025 that evaluated educational interventions based on ML and/or DT
in pathology or oral pathology were included. The results indicate that ML, implemented through
microvideos, flashcards, infographics, and gamification strategies, is associated with improvements
in student engagement, satisfaction, and academic performance, in several cases outperforming
traditional teaching methods. In oral pathology, virtual microscopy (VM) stands out as a validated
tool that enhances the understanding of histopathological patterns, clinicopathological integration,
and diagnostic confidence. In conclusion, the integration of ML with DT, particularly VM,
represents an effective pedagogical approach for teaching oral pathology. The proposed
instructional design offers a relevant opportunity for educational innovation and highlights the
need for longitudinal studies to assess its long-term impact and support its curricular integration.

Keywords: Microlearning; oral pathology; virtual microscopy; pathological anatomy; dental
education.

1. Introduction

Microlearning (ML) is defined as an educational strategy based on delivering content in short,
self-contained, and focused units, geared toward specific learning objectives (1-2). This
asynchronous approach seeks to optimize the acquisition of skills through meaningful micro-
content that reduces cognitive load and facilitates the understanding of complex concepts (3). Its
development has been driven by the expansion of mobile devices and ubiquitous learning
environments, allowing flexible access to knowledge in educational contexts where students' time is
fragmented (1-4). Beyond simply fragmenting content, ML requires intentional instructional
designs that integrate powerful, contextualized micro-content (MC) aligned with specific
competencies (1-2).

From an applied perspective, MA is conceived as a strategy aimed at improving performance
and the progressive acquisition of skills, promoting the immediate application of knowledge in
real-world learning situations (5). Its implementation has been strengthened by Web 2.0
technologies and virtual learning environments, which favor hybrid and interactive educational
experiences (1). However, several authors point out that effective MA should incorporate phases of
anticipation, execution, and reflection in order to stimulate clinical reasoning and the progressive
construction of knowledge networks, especially in disciplines of high cognitive complexity (6).

In the health sciences, multiple studies have shown that learning management (LM) supported
by digital tools (DM) and gamification strategies improves student participation, satisfaction, and
academic performance, in some cases surpassing the results obtained through traditional
methodologies (3-7). Likewise, a decrease in cognitive load and greater motivation for self-directed
learning have been described, key aspects for contemporary clinical training (7). It has also been
observed that integrating LM with information and communication technologies, interaction
through short videos, and gamified self-assessments promotes self-directed learning in medical
students, particularly in conceptually dense areas such as physiology (8). In parallel, within
anatomical pathology and oral pathology, the incorporation of DM such as virtual microscopy
(VM) has shown promising results in terms of student acceptance, knowledge transfer, and
strengthening of clinical reasoning (9-10-11-12). Recent studies also highlight the potential of virtual
medicine (VM) combined with advanced digital resources and diagnostic algorithms to improve
the acquisition of morphological skills (13). However, while evidence supports the advantages of
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virtual medicine (VM) and digital learning ( DL) in health education, debates persist regarding their
impact on long-term retention, the development of higher-order cognitive skills, and the need for
an appropriate balance between digital and face-to-face practical experience (14-15). Furthermore,
most studies have focused on general medical disciplines, with limited structured application of
VM, specifically in teaching histopathology in oral pathology.

In this context, this study aims to analyze the current evidence on the use of imaging
techniques (IT) in health sciences education and oral pathology through a structured narrative
review. Based on this framework, the study presents an instructional design using IT for teaching
the histopathology of two of the most common salivary gland malignancies. The proposal is based
on the integration of high-resolution visual imaging techniques (VITs) through guided active
learning, with the goal of enhancing histopathological recognition, diagnostic reasoning, and the
transfer of knowledge to future clinical practice.

2. Methods

This study was conducted as a structured descriptive literature review to analyze the available
evidence on the use of microscopic imaging (MI) and digital imaging (DI) in the teaching of
pathology, with a special focus on oral pathology. The literature search was performed in the
PubMed, Scopus, Web of Science, SciELO, Google Scholar, and Semantic Scholar databases. The
SciSpace tool was used to assist in the initial identification of relevant articles. The search was
conducted between June 2025 and February 2026.

Combinations of English terms were used with Boolean operators: (“microlearning” OR
“microlearning in medical education”) AND (“pathology” OR “oral pathology” OR
“histopathology”) AND (“virtual microscopy” OR “digital tools” OR “e-learning”). The search
included studies published between 2010 and 2025. Classic references were also included due to
their conceptual relevance in defining microlearning and in the initial development of digital
pedagogical models. Studies were included if they met the following criteria: original articles
available in full text, published in the field of higher education in health sciences, and evaluating
the use of microlearning and/or digital tools in oral pathology. Articles unrelated to higher
education or lacking full-text availability were excluded.

3. Results

Available evidence suggests that learning management (LM) has a positive impact, superior to
that of traditional teaching. Several studies have demonstrated the effectiveness of LM in different
educational contexts. This strategy has been shown to optimize both the acquisition of theoretical
knowledge and the development of practical skills in nursing students (3). It has been consistently
noted that LM facilitates the transition from passive learning to an active, performance-based
experience (16). Regarding implementation formats, micro-videos (<10 minutes) have emerged as
one of the most effective tools. The brevity of the content has been described as facilitating complete
viewing of the modules (8). Furthermore, high levels of participation (95%) and perceived
usefulness (87.1%) have been reported through the use of short learning modules on social media
(17).
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Tabla 1. Resumen de principales hallazgos en estudios de microaprendizaje en ciencias de la salud.

Autor (Afo) Disciplina Estrategia Evaluada Resultados Destacados
Entre el 78-919 t j
Popovich & Katz . Presentaciones orales (7 niree . o r,epor amejora en
Farmacia . o pensamiento critico y feedback
(2009) min) y co-evaluacion. .
constructivo.
Mannine ot al Bite-Sized Teaching Post-test superior (62.5% vs
5 ' Medicina (BST) entre pares (8 55.2%). Alta aplicabilidad clinica
(2021) .
min). (74%).
7.1% refiere facilidad de estudio;
Ortega Hernandez L Pildoras de video (2-5 87.1% 1.re ere facit i ? ¢ estudio;
Veterinaria ) mejora la atencion en clase
(2022) min) en Instagram. )
presencial.
F to de la aut i
Gonzaélez & Olaya . , Microvideos (<10 min) y omento ce fa at o.norr.ula y mayor
Fisiologia e ., tasa de visualizacidon de
(2023) gamificacion. .
contenidos.
Micro-videos vinculados Optimiza la ejecucién de tareas
Sedaghatkar (2023) Medicina A TBL clinicas; ideal como complemento,
’ no sustituto.
S ioridad significati
Albooghobeish Enfermeria Microlearning vs. r;tgflzli?)i dia ci)lr%cr)léi;?elnvtise 2
(2025) Tradicional.

largo plazo.

In the field of medical education, mental modeling (MM) has proven to be a relevant tool for
transferring knowledge to clinical practice. In medical education, it was observed that 74% of
residents applied what they learned in their clinical practice after MM sessions (18). Similarly, it has
also been reported that integrating mental modeling into task-based learning (TBL) models
improves the execution of medical procedures in real-world settings (19). Regarding the teaching of
anatomical pathology and oral pathology, evidence highlights the central role of digital models,
particularly visual models. In line with this approach, it was shown that integrating visual models
into blended learning environments significantly improves theoretical understanding and
diagnostic confidence (10). Consistently, these tools have been observed to promote diagnostic
reasoning and clinicopathological integration (20), while greater efficiency in identifying
histological structures in digital environments has also been reported (21). Regarding academic
outcomes, most studies report improvements in performance, as well as high student acceptance.
However, it has been noted that the optical microscope can still offer better results in certain
contexts (22). Despite this, student preference leans towards virtual microscopy (VM) and other
digital tools due to their accessibility, image clarity, and time efficiency. Overall, the analyzed
studies position VM and the optical microscope as complementary strategies that promote the
development of critical thinking, autonomy, and diagnostic accuracy in morphological disciplines
(table 2).

Based on the reviewed evidence, a pedagogical integration scheme is proposed (Figure 1) that
links the MA (presumably referring to a specific program or system) with the teaching of oral
pathology. This model includes the selection of key content, its transformation into highly
retainable micro-content, and its integration with digital tools, particularly the MV (presumably
referring to a specific program or system). The process culminates in an evaluation focused not only
on academic performance but also on the transfer of knowledge to clinical practice. The process
begins with the identification of key content (histopathological patterns), which are transformed
into highly retainable micro-content, such as micro-videos of less than 10 minutes and didactic
cards (8). The integration phase with HD (presumably referring to a specific program or system)
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relies heavily on the MV, which facilitates the transition to active pedagogical strategies such as
task-based learning (TBL). This cycle culminates in an educational evaluation that measures not
only academic performance but also the transfer to clinical practice and the student's diagnostic
confidence (20).
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Figura 1. Esquema de la integracion del microaprendizaje en la ensefianza de patologia
mediante herramientas digitales.

Table 2Summary of included studies: methodological characteristics, technological tools and main
findings in the teaching of oral histopathology.

Author Design and
Int ti Tool Key Findi
(Year) el ntervention / Too ey Findings
Percei I h ical
Szymas o WebMicroscope (Basic e.rcelved superiority over the optllca
(2011) Longitudinal (n=365) and Oral Pathology) microscope (OM); better preparation
for clinical practice.
Virtual Mi Vv
Fonseca . irtua 1croscc?py (VM) Increased autonomy, motivation, and
Observational (n=80) vs. Conventional .. ) . .
(2015) . clinical-histological integration.
Microscopy
. . . Significant improvement in learning
A - tal
( 2%61“61? Quasi (:(_I;(;Z;Ilen a Blended Learning + MV and diagnostic accuracy compared to
the traditional method.
Mixed
Brierley . ‘1xe . It optimizes diagnostic reasoning and
(Qualitative/Quant.) MYV vs. Conventional . ,
(2017) the integration of concepts.
(n=64)
Fernand Descriptive- . High pedagogical effectiveness
es (2018)  comparative (n=165) MV'vs. Conventional specifically in Oral Pathology.
. . Improves theoretical performance;
Zh - tal
@ 0(;‘;; Quasi (:(_pl(;l;;nen a MV + Remote Learning high acceptance in distance
education contexts.
Qing Experimental (n=156) IVMLS Platform Improved final grades; hybrid use

(2022)

with MO is recommended.
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Promoting critical thinking,

Zhong Quasi-experimental Flipped Classroom + !
h 1
(2023) (n=214) OBE + VSETCD teamwork, and better theoretica
scores.
Irshad - ss-sectional (n=dg) ~ M VS Conventional biﬁaﬁiﬁﬁﬁzzttﬁaifeﬁfﬁf ni(jal
(2024) (Leeds slides) photos
structures.
The MO maintained better scores
Syed ~ Digital Microscopy (DM) .
(2024) Transversal ($n=79%) vs. Conventional but the DM was preferred for clarity

and efficiency.

The reviewed evidence highlights the potential of the MA and the HD in teaching pathology,
as well as the need for pedagogical approaches that systematically structure their implementation.
Based on these findings, an instructional framework is proposed below that integrates these
elements into a didactic sequence aimed at developing diagnostic reasoning.

3.1 Methodological proposal based on microlearning in oral pathology as an educational innovation tool.

Based on the evidence previously analyzed, a methodological design based on MA is proposed
as an educational innovation strategy for teaching the histopathology of malignant salivary gland
neoplasms to undergraduate and postgraduate students of oral pathology. postgraduate students of
oral pathology), using self-developed teaching materials available online. The specific topics selected
were Mucoepidermoid Carcinoma and Adenoid Cystic Carcinoma, as they are the most frequent
malignant neoplasms in major and minor salivary glands, respectively.

The learning objective focuses on the identification, interpretation, and correlation of essential
histopathological criteria for the diagnosis of both entities, through an instructional sequence
structured in three progressive phases supported by high-resolution visual resources. In the first
phase, guided knowledge acquisition, the use of short explanatory videos is proposed. These videos
incorporate the learning of cell types and their main characteristics, highlighting the architectural
patterns characteristic of each neoplasm, using high-quality virtual microscopy. The descriptions
focus on recognizing essential diagnostic criteria and are available online (see attached
supplementary material). The second phase involves active learning through the independent
exploration of MV cases. Students must navigate and explore the online histopathological slides to
identify and locate the histopathological components. These slides are not pre-marked, promoting
morphological reasoning and diagnostic decision-making. (See attached supplementary material).
As a third phase of cognitive consolidation, the use of synthetic visual materials in the form of
illustrated slides is proposed. These present representative images accompanied by explicit labeling
of the diagnostic histopathological criteria, thus reinforcing the visual recognition of cell types and
the characteristic patterns of each entity.

Furthermore, its dissemination through social network X as an Open Educational Resource
(OER) is planned, facilitating its accessibility and reuse. The images will serve as key examples for
quick diagnostic reference, also promoting long-term retention (Figures 2 and 3). All the material is
original and high-resolution, ensuring adequate observation of microscopic details.
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Figura 3. Publicacién de @oralpathologyok en X, realizada en junio/2025. Slide
con criterios diagndsticos microscopicos del Carcinoma Mucoepidermoide
(CME).

For the future implementation of the proposed methodology, it is planned to add other entities
from the WHO histopathological classification of salivary gland neoplasms, both benign and
malignant. Furthermore, a mixed evaluation strategy is proposed, which will include a structured
diagnostic rubric designed to assess morphological recognition, histopathological interpretation,
and diagnostic formulation (Table 3), complemented by pre- and post-intervention objective tests
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and student satisfaction surveys, according to an ad hoc designed model (Figure 4). The proposed
diagnostic rubric is conceptually aligned with the approach of Professional Practice Assessments
(PPAs), observable units of professional practice that can be used in student evaluation to assess the

competencies achieved (28).

Tabla 3. Rubrica propuesta de criterios de evaluacién y niveles de formulacion diagnostica.

Criterio evaluado Nivel alto (3) Nivel medio (2) Nivel bajo (1)
Reconoce correctamente Reconoce
e . No reconoce los
Identificacion de todos los patrones parcialmente los atrones
patrones histolégicos histopatolégicos patrones P . .
- . s histopatolégicos
caracteristicos. histopatoldgicos
. _ Ubica con precision Ubica algunas No logra
Identifica y localiza P . 8 . o ot
. estructuras claves y tipos estructuras y algunos  identificar los tipos
los tipos celulares .
celulares. tipos celulares. celulares.

Interpretacion

diagndstica

Relaciona arquitectura y
citologia elaborando un
diagndstico certero.

Integracion
incompleta, no logra
el diagnostico de
certeza.

Sin integracion
diagndstica.

A- Definicion de grupos

- Experimental:
Microlearning

- Control: Tradicional

E) Anélisis Estadistico
Comparacion de Pre vs Post

Comparacion entre Grupos
p < 0.05 + tamafio del efecto

F)Analisis y Resultados
complementarios

B- Evaluacion de
Conocimientos Basicos
Histopatologicos a ambos
grupos

PRETEST

D) Postest
Evaluacion de capacidad

diagndstica de ambos
grupos

1.Encuesta de Satisfaccion
1l. Encuesta de Percepcion
de Aplicabilidad Clinica

C- Intervencién Educativa

Control ----Clase tradicional

Experimental

Capsulas

de Microlearning

FIN DEL PROCESO

igura 4. Diagrama de flujo que muestra la progresion o secuencia de pasos del

roceso de aplicacion metodoldgica para investigacion educativa.

4. Discussion

The proposed model is based on the evidence analyzed in this review. In this sense, the guided
acquisition phase It is based on studies that highlight the effectiveness of the MA for introducing
complex content in short, focused units. The autonomous exploration phase is linked to the use of
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HD, particularly MV, which allows for active learning and direct interaction with the content.
Finally, the cognitive consolidation phase is based on active learning approaches and reinforcement
strategies, which promote knowledge integration and the development of diagnostic reasoning.
From the literature review, we observed that significant challenges remain for the consolidation of
the MA (Multimedia Learning) approach as a standardized strategy. These include the
heterogeneity of definitions, the diversity of implementation modalities, and the variability in
evaluation indicators (2, 2, 3 ). We believe that the potential of the MA approach in teaching
pathology can be realized by integrating clinical cases with virtual reality (VM) and digital
platforms such as Moodle, using short modules that explain key histological structures, differential
diagnoses, or clinicopathological correlations. Regarding accessibility, students could review the
MA approach at any time, reinforcing what they have learned in the virtual laboratory or flipped
classroom. Furthermore, it would allow for personalized adaptation of the pace and depth of
learning to meet individual student needs.

Available evidence demonstrates that virtual learning (VL) and active methodologies (remote
learning, flipped classroom, interactive platforms) have transformed the teaching of oral
histopathology, improving academic performance and student satisfaction. However, one aspect
that has been scarcely explored in this field is the use of short, focused, and anytime accessible
modules to reinforce key content. Given that students value efficiency, image clarity, and the
possibility of reviewing outside the classroom (14, 22-25 ), the use of modules appears as a natural
extension of these digital strategies. Its integration could enhance knowledge retention, motivation,
and autonomy by offering short modules on specific histological structures, differential diagnoses,
or clinicopathological correlations (26 ).

Despite its proven effectiveness in other medical disciplines, media manipulation (MM)
remains underexplored in the field of oral pathology. This presents a clear opportunity for future
research evaluating its impact on the interpretation of histopathological images, diagnostic
reasoning, and clinicopathological integration, especially when combined with tools such as
microscopic visualization (MV) or the flipped classroom.

The review identified a gap in the field of oral pathology where microlearning has not been
implemented. However, studies have shown that virtual microscopy (VM) enhances diagnostic
accuracy. Specifically in oral pathology, Fernandes determined that the transition to digital
methods is highly effective in improving specialized learning, overcoming the limitations of the
conventional microscope. The included studies exhibit considerable heterogeneity in terms of
methodological design, study population, educational interventions, and digital tools used. This
variability hinders direct comparison of results and limits the possibility of drawing generalizable
conclusions about the effectiveness of microlearning in oral pathology. The review's findings
provide a basis for the proposed model's structure, in which each phase corresponds to educational
strategies previously reported in the literature.

While the combination of machine learning (ML) and the use of high-quality digital (HD)
technologies such as visual and active methodologies (e.g., flipped classroom or outcomes-based
learning) has been previously explored in medical education, these approaches typically focus on
integrating technological resources within general pedagogical frameworks, without specific
structuring geared toward diagnostic training in morphological disciplines. In this sense, the
distinctive contribution of this work lies in the proposal of an instructional framework specifically
designed for oral pathology, which organizes learning in a progressive sequence of diagnostic
challenges structured in three phases (guided acquisition, autonomous exploration, and cognitive
consolidation). Unlike models such as blended learning or outcomes-based learning (OBE), which
prioritize the teaching modality or competency assessment, the proposed model focuses on
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optimizing morphological recognition and diagnostic decision-making through brief learning
cycles, spaced repetition, and guided exposure to key histopathological patterns.

Among the limitations, it is acknowledged that the exclusion of studies not specific to oral
histopathology could introduce conceptual bias, although this decision was based on the need to
preserve the applicability of the proposed model to the disciplinary field. Furthermore, the
transferability of the findings may be affected by contextual factors, such as the availability of
technological resources, internet access, and Moodle UNT and virtual learning platforms, which is
especially relevant in institutional contexts with infrastructure limitations. Regarding the proposed
instructional model, it is important to note that its applicability and effectiveness have not yet been
empirically validated. Consequently, future studies should evaluate its impact using experimental
or quasi-experimental designs, considering variables such as academic performance, knowledge
retention, and the development of diagnostic reasoning. Taken together, these limitations should be
considered when interpreting the results of this study, and they highlight the need for future
research to consolidate the evidence in this field.

5. Conclusions

e Literature analysis shows that the use of short, structured micro-content promotes
knowledge retention, autonomous learning, and flexibility in training processes.

¢ The available evidence indicates that combining MA with resources such as virtual
microscopy, diagnostic infographics, and gamification strategies improves the
understanding of complex morphological patterns and strengthens clinical reasoning.

* Virtual reality (VM) is becoming established as a widely validated resource for optimizing
flexible learning and diagnostic accuracy; however, the methodological heterogeneity of the
studies and limitations in infrastructure and digital literacy restrict the generalizability of
the results and the evaluation of long-term effects.

* The scarcity of specific research in oral pathology points to an emerging field of study, in
which the proposed instructional model is presented as an innovative proposal consistent
with the analyzed evidence and with potential for its integration into undergraduate and
postgraduate training.
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