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Since the late 1990s, online e-learning has offered unparalleled convenience and affordability, becoming increasingly popular among
pathologists. Traditional learning theories have been successfully applied to web/mobile-based learning systems, with mobile technolo-
gies even enhancing conventional offline education. In cytopathology, hands-on microscope training has traditionally been paramount,
complemented by real-case presentations and lectures. However, the coronavirus disease 2019 (COVID-19) pandemic disrupted regular
academic activities, making online e-learning platforms essential. We designed a web/mobile-based learning platform to enhance con-
tinued medical education in cytopathology at various levels, particularly during the era of COVID-19 and beyond. Since 2021, we have
integrated curriculum materials, virtual education files, and whole-slide images (WSls) of cytopathology, submitted from over 200 institu-
tions across Korea, with the support of numerous instructors. We develop a new e-learning platform named “CytoAcademy” composed
of a basic session for each organ and level across the range of morphologic findings; on-demand lectures to enhance cytopathologic
knowledge; WSI archives that allow users to explore various histologically confirmed cases; and a self-assessment test to help organize
diagnostic knowledge acquired through the web/mobile-friendly learning system. The platform provides not just an opportunity to
achieve a correct diagnosis, but also a learning experience based on problem-solving point. Members interact, identify their deficien-
cies, and focus on specific educational materials. In this manner, all participants can actively engage in creating and maintaining knowl-
edge and foster a proactive approach to learning.
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Cytopathology s a field of pathology that studies and diagno-
ses diseases at the cellular level [1]. For accurate diagnosis, cyto-
pathologists require training with multiple cases that exhibit
sufficient variability within and between diagnostic categories,
along with continuous feedback throughout the training process
[2-4]. In the field of cytopathology, hands-on training with the
direct use of microscopes has traditionally been of great impor-
tance. However, traditional educational methods using optical
microscopes (OM) and glass slides as teaching resources impose
several limitations. For example, glass slides are prone to deteri-
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oration, damage, or loss; most importantly, unlike slides pro-
duced using formalin-fixed paraffin-embedded tissue, it is not
possible to produce a large number of identical cytology slides.
Additionally, due to limitations related to OMs and space avail-
abilities, the number of trainees must be restricted. Amid these
challenges, the coronavirus disease 2019 (COVID-19) pandem-
ic introduced unexpected environmental constraints, disrupting
hands-on and professional training courses, and regular in-person
academic activities. This further emphasized the need for a tran-
sition to online education in cytopathology and related fields [1].
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In the field of pathology, virtual microscopes (VMs) for observ-
ing whole-slide images (WSIs) and learning management sys-
tems equipped with these technologies have been explored as
solutions to overcome these challenges [5]. VM simulates the
experience of an OM, allowing users to navigate scanned slides,
adjust objectives, zoom in on areas of interest, and focus on vari-
ous cellular components [5].

Learning is increasingly shifting toward more self-directed,
open, and informal methods [6,7]. Learners are gaining more
choices regarding the time, place, content, and path of their learn-
ing. The rapid increase in online learning resources is profound-
ly influencing ideas and beliefs surrounding education [8]. Over
the past decades, the internet has revolutionized the field of ed-
ucation. Since the late 1990s, online e-learning platforms have
offered unparalleled convenience and affordability. E-learning is
currently receiving significant attention and is widely discussed
in medical education. Due to continuous changes and advance-
ments in information technology, as well as the introduction of
more user-friendly e-learning methods, e-learning is continuous-
ly advancing in the field of medical education [9-12].

In cytopathology, hands-on microscope training has tradition-
ally been paramount, complemented by real-case presentations
and lectures. However, the COVID-19 pandemic disrupted reg-
ular offline academic activities, making online e-learning plat-
forms essential. E-learning is also becoming popular in the field
of pathology education. Therefore, we need web/mobile-based
learning platforms to enhance continuous medical education
(CME) in cytopathology at various levels, including during the
era of COVID-19 and beyond. The rapid development of WSI-
processing technology, the emergence of affordable platforms,
and advances in high-speed networking have heralded a new era
in the clinical and educational pathology workflow, including
cytopathology worldwide.

METHODOLOGY

To keep pace with these domestic and international trends,
the Korean Society for Cytopathology (KSC) formed a Task Force
Team (TFT) composed of its executives and requested the devel-
opment of a cytopathology e-learning platform in January 2021
to provide a convenient and efficient educational space. Accord-
ingly, the TFT spent several months conducting literature re-
search, reviewing various domestic and international CME pro-
grams, sharing development experiences with other academic
society executives, and gathering expert opinions from external
organizations before drafting their proposal. When developing
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e-learning modules, we drafted the website from the user’s pet-
spective to ensure that it was as convenient as possible for mem-
bers to learn. After several rounds of revision, we finalized the de-
sign. In addition, to ensure smooth program operation and secure
data storage, we compared data from various server-related com-
panies to evaluate the pros and cons of on-premises servers versus
cloud-based servers. Ultimately, an on-premises server was used.

At the time of development, we possessed more than 3,500
digital slides for quality control by the KSC that were accumu-
lated through projects of the National Information Society Agen-
cy. We aimed to incorporate these into our e-learning platform
to assist members in learning. To ensure optimal performance of
the VM, we independently developed and implemented an im-
age viewer program that allows members to conveniently ob-
serve WSIs (by Design JIU). After these extensive efforts, a web-
and mobile-based e-learning platform named “CytoAcademy”
was launched in time for the 36th Annual Spring Meeting of the
KSC. During the development period, in an effort to garner in-
terest from members, an event was held where all members were
invited to submit suggestions for the platform’s name, and prizes
were awarded.

FEATURES OF CYTOACADEMY

Since 2021, we have integrated curriculum materials, virtual
educational files, and cytopathology WSIs, submitted from more
than 200 institutions across Korea with the support of numerous
instructors. The CytoAcademy e-learning platform was devel-
oped with the following components (Fig. 1).

— Basic sessions: This menu provides an image atlas and de-
scriptions of individual diseases organized by system.

— On-demand lectures: These provide the latest video lecture
materials organized by each system.

— Digital slides: This menu provides WSIs of each disease,
and members inspect the slides directly using a VM. An archive
of more than 4,000 WSIs allows users to explore various histo-
logically confirmed cases.

— Slide seminars: Obtained data have been continuously up-
loaded to the KSC website since 1989. A “slide seminar” is a case-
presenting program of the KSC that has been held four times a
year since the 1980s.

— Quiz: The quiz section consists of self-assessment tests and
spot diagnoses. These tests help users organize and reinforce the
diagnostic knowledge they have acquired.

The development of CytoAcademy started with a VM database
of cytopathology WSIs scanned using a Pannoramic 250 Flash III
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Fig. 1. Layout of the CytoAcademy website (https://www.cytoacademy.or.kr).

system (3DHistech, Budapest, Hungary). The WSI archives of-
fer an extensive collection of histologically confirmed cases, pro-
viding essential features for in-depth study and reference. Even
after its development, content in all areas continues to be updat-
ed regularly. Additionally, a paid lecture menu has been newly
established for the management of specific lectures and to pro-
vide ratings for members of the KSC. The platform’s interface is
user-friendly, providing access to essential learning materials and
resources. Users can navigate through different sections, such as
on-demand lectures, WSI archives, and self-assessment tests.

PRACTICAL USE AND APPLICATION

CytoAcademy is being utilized as an individual educational
platform for cytopathology by members of the KSC, and as a
comprehensive learning experience in which problem solving is
at the forefront. Moreover, it provides an opportunity to reach the
correct diagnosis and effectively supports self-testing for quality
control. It provides various training programs for cytopatholo-
gists and cytotechnologists organized by the KSC, as well as var-
ious workshops and seminars. Previous cytopathology training
programs organized by the KSC have involved educating a small
group of individuals using microscopes and slides. CytoAcade-
my offers the same level of educational effectiveness but without
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the constraints of time, space, or number of participants. Learn-
ers can observe useful annotations on the slides, as recorded by
the instructor, allowing them to learn faster than when using an
OM. Most importantly, the ability for everyone to simultane-
ously observe and learn from the same image is a significant ad-
vantage compared to traditional cytology educational programs.
CytoAcademy enables members to interact, identify their defi-
ciencies, and focus on specific educational materials. This proac-
tive approach to learning ensures that all participants can ac-
tively engage in creating and maintaining knowledge.

CURRENT LIMITATIONS AND FUTURE
PERSPECTIVES

One of the key intentions when designing the online educa-
tion platform was to ensure that it would not merely be a space
where learners passively consume the provided content, but in-
stead, a platform that is dynamically shaped and brought to life
by the learners themselves. Such a platform should function as a
participatory community where learners are not just consumers,
but actively generate, share, and interact with content. Through
this, learners can influence one another, expand their knowledge,
and take on an active role in the learning process. To achieve this,
it is essential to encourage active uploading of user-generated
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content, facilitate collaborative interaction, and provide options
for personalized learning pathways. However, during the devel-
opment phase of the platform, it was challenging to meet all these
requirements. Therefore, we first created a “spot diagnosis” sec-
tion as a submenu under the “QUIZ” menu, where learners could
freely upload content and communicate with each other. We
hope that this space will gradually become more active, and by
systematically updating the aforementioned features, CytoAcad-
emy will evolve into an organic and dynamic platform.

Additionally, the TFT aimed to create a platform that could be
freely accessed by cytopathology learners not only in Korea, but
around the world. With this intention, a website was developed
in English. However, due to various operational issues, the plat-
form currently requires users to sign up and log in to access the
content. Membership s restricted to the members of KSC as a
protective measure for the vast amount of resources held by Cyto-
Academy. In the future, we will explore ways to allow open access
to cytopathology learners worldwide. Through this, we hope that
CytoAcademy will become a global platform for communica-
tion among cytopathology learners.

CONCLUSION

The KSC launched an e-learning platform named CytoAcad-
emy in March 2023. Traditional learning methods have been
successfully applied to web/mobile-based learning systems, with
mobile technologies even enhancing conventional offline educa-
tion. CytoAcademy represents a significant advancement in the
field of cytopathology, leveraging technology to enhance educa-
tion and professional development in the post-pandemic era.
The development of CytoAcademy illustrates the integration of
traditional educational methods with modern technological ad-
vancements, providing a robust platform for cytopathologists
and cytotechnologists to continue their education effectively. As
e-learning becomes increasingly vital, platforms such as Cyto-
Academy will play a crucial role in shaping the future of medi-
cal education.

For more information, visit the CytoAcademy website, “cyto-
academy.or.kr.”

Ethics Statement
Not applicable.

Availability of Data and Material

The datasets generated or analyzed during the study are available from the
corresponding author on reasonable request.

https://jpatholtm.org/

Code Availability

Not applicable.

ORCID

Ran Hong https://orcid.org/0000-0001-7011-5215
Yosep Chong https://orcid.org/0000-0001-8615-3064

Seung Wan Chae https://orcid.org/0000-0003-0406-4469
Seung-Sook Lee  https://orcid.org/0000-0001-6714-5851
Gyungyub Gong  https://orcid.org/0000-0001-5743-0712

Author Contributions

Conceptualization: all authors. Data curation: all authors. Writing—Origi-
nal draft: RH, YS], SWC. Writing—review & editing: RH, YSJ, SWC. Ap-
proval of final manuscript: all authors.

Conflicts of Interest

Y.C., a contributing editor of the Journal of Pathology and Translational
Medicine, was not involved in the editorial evaluation or decision to publish
this article. All remaining authors have declared no conflicts of interest.

Funding Statement
No funding to declare.

References

1. Cubillos P, Diaz E, Baez P, Gutierrez L, Molina C, Hartel S. E-learn-
ing module for cytopathology education based on virtual micros-
copy. ] Am Soc Cytopathol 2024; 13: 42-52.

2. Evered A. Criterion learning: a neglected aspect of training in cyto-
pathology? Cytopathology 2018; 29: 569-73.

3. Warren AL, Donnon TL, Wagg CR, Priest H. Educational inter-
ventions to improve cytology visual diagnostic reasoning measured
by eye tracking. ] Vet Med Educ 2015; 42: 69-78.

4. Krasne S, Hillman JD, Kellman PJ, Drake TA. Applying perceptual
and adaptive learning techniques for teaching introductory histo-
pathology. J Pathol Inform 2013; 4: 34.

5. Steinberg DM, Ali SZ. Application of virtual microscopy in clinical
cytopathology. Diagn Cytopathol 2001; 25: 389-96.

6. Bonk CJ. The world is open: how web technology is revolutionizing
education. San Francisco: Jossey-Bass/Wiley, 2009.

7. Bonk CJ. For openers: how technology is changing school. Educ
Leadership 2010; 67: 60-5.

8. Song D, Bonk CJ. Motivational factors in self-directed informal
learning from online learning resources. Cogent Educ 2016; 3:
1205838.

9. Sharma C. Impact of adding E-learning to the conventional pathol-
ogy practical teaching. IP Arch Cytol Histopathol Res 2019; 4: 1-10.

10. Choules AP. The use of elearning in medical education: a review of
the current situation. Postgrad Med J 2007; 83: 212-6.

11. Ruiz JG, Mintzer MJ, Leipzig RM. The impact of E-learning in medi-
cal education. Acad Med 2006; 81: 207-12.

12. Walsh K. Mobile learning in medical education: review. Ethiop |
Health Sci 2015; 25: 363-6.

https://doi.org/10.4132/jptm.2024.10.02



