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Abstract

With anatomical education becoming a global endeavor, free online resources offered
via the Internet or other electronic venues are of increasing importance for teaching
and learning communities worldwide. Students and instructors from developing coun-
tries, often limited in access to modern instructional resources by infrastructural and
financial constraints, are frequent users of such online learning tools. During the recent
Covid-19 pandemic when all academic institutions were forced to quickly switch to a
non-contact mode of teaching, free online instructional resources were often essential
for continuing the educational mission. However, there are a number of obstacles and
issues that need to be considered when creating and offering such learning resources.
These include the type, quality, and completeness of the content, their educational
purpose, access to technical and financial resources, copyright and ethical issues, and
more. Educators, who plan to generate and maintain free online resources, should also
be aware that such projects usually require a considerable long-term time commitment.
In this article, these issues are discussed using the Michigan Histology website as an
example. The discussion also addresses how e-learning resources like the Michigan

Histology website supported online learning during the recent Covid-19 pandemic.
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INTRODUCTION

E-learning resources, especially those ubiquitously available on the
internet, have claimed an increasing role in today's medical edu-
cation environment.! The educational potential of the Internet or
World Wide Web (WWW) was realized early in the 1990s when
this new tool for disseminating information became widely avail-
able.? The current generation of learners grew up with computers
and the Internet and educators often assume that they are familiar
with these resources and will embrace them.®* However, more re-

cent analyses indicate that the acceptance of e-learning resources

by students depends on a variety of factors, like convenience of use,
easy availability, familiarity with the technology, and a perception
that it provides an advantage to the learner.>” In addition, a well-
defined educational purpose and good overall design are central for
the success of an e-learning tool.®?

A growing number of Internet sites offer educational material for

learning gross anatomy, neuroanatomy, histology, and embryology.

These Internet resources include educational websites (Table 1),}%1

12-14 15-17 18-20

video recordings, social media, mobile applications,

2122 3nd more. Professional societies also offer educa-

23,24

podcasts,

tional databases for their members and often non-members.
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TABLE 1 Freely accessible histology Internet websites featuring virtual microscopy slides.

Name of the website (responsible individuals

and institutions/organizations) URL of the website

Brain Maps (Dr. W.M. Usrey and BrainMaps.org
consortium, University of California Davis,
CA, USA)

http://brain-maps.org

Cell Image Library (The American Association for
Cell Biology, Bethesda, MD, USA)

Histologic (Dr. P.G. Anderson, University of
Alabama School of Medicine, Birmingham,
AL, USA)

Histology @Yale (Dr. P. Takizawa, Yale University,
New Haven, CT, USA)

Histology Guide (Drs. T.C. Brelje and R.L.
Sorensen, University of Minnesota,
Minneapolis, MN, USA)

Histology Lab Manual (Dr. P. Spitalnik, Columbia
University, New York, NY, USA)

HistoViewer—Virtual Microscopy for Cell Biology
and Histology (Aarhus University, Aarhus,
Denmark)

Indiana University School of Medicine Virtual
Microscopy (Dr. M. Braun, Indiana University,
Indianapolis, IN, USA)

Michigan Histology and Virtual Microscopy
Learning Resources (Dr. M. Hortsch,
University of Michigan, Ann Arbor, MI, USA)

Medical Histology and Virtual Microscopy
Resources (Dr. M. Velkey, Duke University
Medical School, Durham, NC, USA)

Nanotomy: Large-scale electron microscopy
datasets (Dr. B. Giepmans, University of
Groningen, Groningen, The Netherlands)

University of Colorado Virtual Histology Lab
(Dr. L. Lee, University of Colorado School of
Medicine, Aurora, CO, USA)

Virtual Histology (Dr. B.R. Espiritu, Loyola
University, Chicago, IL, USA)
Virtual Microscopy (Dr. K. Pinder, The University

of British Columbia, Vancouver, BC, Canada)

Virtuelle Mikroskopie (Drs. R. Bock, I. Lang,
J. Schmitt, Universitat des Saarlandes,
Homburg, Germany)

http://www.cellimagelibrary.org/home

https://peir.path.uab.edu/wiki/Histologic

https://histologyguide.com

https://histologylab.ctl.columbia.edu

https://histoviewer.biomed.au.dk

https://vmicro.iusm.iu.edu

https://histology.sites.uofmhosting.net

https://histology.oit.duke.edu

http://www.nanotomy.org

http://leeshistology.com

http://zoomify.lumc.edu

https://cps.med.ubc.ca/virtual-histology/

https://mikroskopie-uds.de

Features of the website

Virtual central nervous system (CNS) images from
a wide variety of species including human
specimens

Variety of light microscope and electron
microscope (EM) digital and virtual images,
including animations and movies. Wide range of
imaging technologies, cell types, and organisms

Virtual histology slides with some diagrams and
labeled digital images, and laboratory manual

http://medcell.org/histology/histology.php Virtual histology slides and digital images (with

optional annotation), EMs, laboratory manual, quiz
questions, and labeled digital pathology images

Virtual histology slides, EMs (with optional color
coding and labels), laboratory manual, and quiz
questions

Virtual histology slides, digital images, EMs,
laboratory manual, and quiz questions

Virtual light microscopy slides including a few
immune- and histochemistry-stained slides

Description of histological structures and organs,
virtual histology and pathology slides, EM
images, digital images and diagrams, quiz
questions

Virtual histology slides, digital images, labeled EMs,
laboratory manual, and quiz questions

Virtual histology slides and pathology correlates,
laboratory manual, unknown virtual slides with
identifying answers

Virtual and regular histology and pathology EM
images including scalable 3D serial sections.
The images are derived from publications and
therefore do not present a comprehensive
image library

Virtual histology slides, quiz access requires an
account

Virtual histology slides, and EMs

Virtual histology slides from various organs and
organ systems

In German, virtual histology slides from several
German, Austrian, and Swiss universities

Note: This list of open histology websites only reflects websites that were functional at the time this manuscript was written. Only websites with scalable
virtual images (light microscopy and/or EM) that are freely accessible without registration, password, or additional software downloads were included.

These free educational tools are complemented by a growing num-
ber of commercial medical education resources that are popular with
professional students, especially when they prepare for licensing
examinations.>2>%¢

As the Internet provides a great vehicle for supporting the

switch from the use of traditional light to virtual microscopy for

the teaching of histology,27'30

websites and virtual image data-
bases play a special role in this transition.®* Table 1 provides a list
of free histology websites with virtual microscopy images. In ad-
dition, several reports indicate that the use of virtual microscopy
for the teaching of histology allows for a more active and collabo-

rative style of learning.??23 The migration of histology laboratory
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instruction to an online delivery modus is sometimes supplemented
with recorded histology lectures that are available from computer
servers or the Internet.3*3> Even before the Covid-19 pandemic
restricted in-classroom activities, histology courses at some insti-
tutions had been either partially or entirely transferred to an online
format.2¢"%° These changes reflect a larger movement in medical
education of making educational material available to students at
times and locations of their choice.*!2

Most websites offering learning resources originate from highly
industrialized countries (Table 1). Educators from developing coun-
tries often do not have the technological and financial resources
to create and provide these tools to their learners.*> However, as
the Internet allows for the global distribution of educational ma-
terial, learners in these countries usually have access to them.
Nevertheless, there are considerable global inequities in the utiliza-
tion of online education resources, as infrastructural problems often
prevent or slow down the use of Internet-derived learning tools in
less industrialized countries.** In addition, the type and abilities of
personal devices that are available to learners in these global regions
may limit their effective use.*>*® In addition, commercial sites offer
access to virtual light micrographs (LMs) and electron micrographs
(EMs) that are suitable for histology/microanatomy instruction.
However, unless these for-profit tools are provided by the school,

such learning resources can be expensive and may not be affordable
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for many students and educators in less affluent countries or strata
of society.‘s'47

The development of free e-learning resources for anatomy or
histology that will be popular with students and support the in-
tended learning goals can be a daunting task and a number of non-
educational issues also need to be addressed. This article describes
the Michigan Histology website, using it as a paradigm for outlining
the problems and issues that should be considered when creating
and offering an open educational website or other free e-learning
tools. It also touches on the importance of learning resources like the
Michigan Histology website during the recent Covid-19 pandemic.

DESCRIPTION

Description of the Michigan Histology website and its
use at the University of Michigan

The Michigan Histology website is a free educational tool that supports
histology learners at the University of Michigan (UM) and at any lo-
cation with access to the Internet (Figure 1).8 The website's original
version went online in 2006 when histology laboratory instruction at
the UM switched from traditional light microscopes with glass slides
to virtual microscopy. At that time students were using the website

Michigan Histology and Virtual Microscopy

Histology at the University of Michigan

Home

Dear Michigan Histology Website Users,

Medical Schedule

Dental Schedule
Looking Glass Schedule
Digital Microscopy
Introduction to Histology Stains
Virtual Slide List
Virtual EM Micrograph List
All Histology Topics
Now download the
SecondLook - Histology

Complete and Basic Tissues
mobile apps for free.

The conversion of the Michigan Histology website to a Flash-independent viewer has now been
completed and you should be able to use any Internet browser to open and view the virtual
slides. Users will see only one link for each virtual slide, no longer two (Webscope and
Imagescope). All sample and practice question pictures have been converted to still images. The
new slide viewer will also work on computer tablets and smartphones. Please let us know about
any problems with the new viewer and the revised pages, specifically missing or incorrect links.

Special thanks for their great work goes to the University of Michigan HITS teams as they did
most of the transformation work. Specially | would like to mention Naveen Jain, Michael Blake,
Brian Simko, Tara Manwaring, and Dima Tawakkol.

The Department of Cell & Developmental Biology at the University of Michigan Medical School
provides this digital microscopy resource for the study of cells, tissues and organs. A full list of
virtual slides and a full list of virtual EM micrographs are also available.

Please note that the material provided by this website is copyrighted and that a permission is
required for any commercial use. Otherwise this material is made available under a BY-SA-NC
Creative Commons license 4.0,

FIGURE 1 The home page of the Michigan Histology website*® is the entry point to three different histology courses/sequences that
are taught at the UM, the medical and dental histology sequences and the undergraduate/graduate CDB 450/550 Looking Glass course.
Each course/sequence has its individual subset of topics and order in which these topics are taught. The home page also has links to an
introduction about digital microscopy, to a short summary about histological stains, and to two lists of virtual light micrograph slides and
electron micrographs, respectively, that are available on the Michigan Histology website.
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with its virtual slides during faculty-guided histology laboratory ses-
sions. Currently, it serves first year dental and medical students during
their histology training, and it also supports an undergraduate/gradu-
ate histology course offered by the author to all UM students.®’ Today,
these courses no longer include scheduled faculty-guided laboratory
sessions. Therefore, the Michigan Histology website is the only oppor-
tunity for UM students to engage with histology slide material in these
curricular components or courses.®84%%0 The current website version
offers 268 unlabeled virtual light microscope images (at a maximal
magnification equivalent to a 20X or 40X objective) and 140 labeled
transmission electron micrographs (TEMs). The majority of light micro-
scope specimens are stained with Hematoxylin & Eosin (H&E) (70.9%
of all light microscope slides) or Masson's trichrome stain (14.6%). A
few specimens were treated with Periodic Acid-Schiff (PAS) (1.9%),
luxol fast blue (1.9%), silver (1.1%), or other histological stains (9.7%).
These virtual slides are supplemented by numerous static images often
derived from the virtual slides that depict specific histological struc-
tures as examples and to help users when locating equivalent cells and
structures in the unlabeled virtual slides. Since the establishment of the
Michigan Histology website in 2006, a number of virtual slides were
added, several obtained with the appropriate permission from non-UM
colleagues. They either replaced older slides of lower image quality
or filled gaps in the existing Michigan virtual slide collection. In 2011,
all EM micrographs on the website were replaced with new, higher-
resolution scans of labeled transmission electron micrographs (TEMs).
These TEM images originated from the laboratory of a former chair of
the UM Anatomy Department (now Cell and Developmental Biology),
Dr. Johannes Rhodin (1922-2004), who donated them for educational
purposes when he left the University of Michigan in 1977.

In the current version of the website, the major tissues and organs
that are usually covered in a professional school histology course/
component are represented in 28 different modules/subpages that are
arranged according to the schedules of the three histology courses/
components/sequences at the University of Michigan. Each module/
subpage opens with learning objectives and concludes with several
review and sample test questions (MCQs) that allow students to test
their knowledge and recognition skills. The body of each module/
subpage includes histology laboratory instructions with links to the
virtual microscope images and a short list of links to and descriptions
of labeled TEM micrographs. The original website was based on and
replaced a previous printed laboratory manual provided to UM stu-
dents enrolled in a histology course/segment together with a loan light
microscope and a histological glass slide collection. After the Michigan
Histology website with its virtual slides came online in 2006, loan light
microscopes and glass slide sets were still offered upon request to
medical students. Until faculty-guided laboratory sessions were abol-
ished for medical students in the 2016-2017 academic year, fewer
than 10 out of over 1700 medical students checked out a loan mi-
croscope with glass slide collection. In summary, the website serves a
very specific educational purpose, guiding students through histology
laboratory sessions with an assortment of virtual slides and images.

Originally, students accessed the website during faculty-guided
laboratory sessions. As the website allows students to study histology

slides independently of scheduled laboratory hours at their own
choice of time and location, fewer and fewer students participated
as their attendance was non—mandatory.51 Interestingly, students,
who attended these faculty-guided laboratory sessions, scored sig-
nificantly better in histology assessments.®® The reluctance of many
UM students to attend faculty-guided histology laboratory sessions
may have been a contributing factor in their cancelation when a new
medical curriculum was introduced at the UM Medical School for
the 2015-2016 academic year.38’52 This change of format made the
Michigan Histology website the main learning resource for histol-
ogy learners at the UM for acquiring analytical recognition skills of
normal tissues and organs at the microscopic scale. Faculty-guided
histology laboratory sessions for dental students had already been
discontinued 10years earlier and were replaced with self-study of

the Michigan Histology website.

Global use of the Michigan Histology website

The Michigan Histology website is an open resources that can be ac-
cessed worldwide by any person with an active Internet connection.
Figure 2 displays Google Analytics numbers (Google LLC., Mountain
View, CA)*® of monthly sessions and users for the Michigan Histology
website, from September 2016 to June 2022. Access to the site fol-
lows a seasonal pattern that mirrors the academic calendar used in
many countries with two minima for sessions and users in the months
of June to August and in December and January corresponding to sum-
mer and holiday breaks, respectively. During the almost six-year time
period shown in Figure 2, the Michigan Histology website had monthly
averages of 46.8 k sessions and 30.8 k users. In pre-Covid-19 pandemic
time period (September 2016 to March 2020), session and user num-
bers exhibited consistent moderate yearly increases (<12% from year
to year; Figure 2). According to the available Google Analytics data,
these website sessions originated from 227 different countries and
territories located on all seven continents (on average 167 different
countries/territories each month). Most website visitors were located
in the US, followed by users from India, the Philippines, the United
Kingdom, Australia, Canada, Colombia, Brazil, Mexico, and other na-
tions. It is noteworthy that several of these countries are non-native
English-speaking. Occasionally, the author has received emails from
histology instructors at other institutions stating that they recommend
the Michigan Histology website to their learners as a supplementary
learning resource. Users from the State of Michigan made up an aver-
age of 2.3% of all website users. However, not all Michigan users may
be UM students and especially during the Covid-19 pandemic some UM
students may have accessed the website from out-of-state locations.

Use of the Michigan Histology website during the
Covid-19 pandemic

The number of sessions and users of the Michigan Histology website
increased moderately in pre-pandemic years (Figure 2). The years
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FIGURE 2 Monthly session and user numbers of the Michigan Histology website as defined by Google Analytics (Google, Mountain
View, CA).>® The number of monthly sessions is represented by the blue line and the number of users by the orange line. The figure depicts
guantitative data from September 2016 to June 2022. The gray-shaded area indicates the time period of the COVID-19 pandemic that

affected histology teaching worldwide (March 2020 to December 2022).

2018 and 2019 exhibited increases of 11.9% and 0.3% in the num-
ber of sessions when compared to the respective previous years
(Figure 2). In comparison to the previous year, for the Covid-19 years
2020 and 2021 the number of sessions increased by 26.7% and
24.2%, respectively. It is too early to determine whether with the
pandemic ending these trends will remain or are changing. Initial
session and user numbers for 2022 indicate a reduction in the num-
ber of sessions and users for the Michigan Histology website when
compared to the 2021 pandemic year (Figure 2). However, these
numbers still exceed pre-pandemic years. This might indicate that
at least some schools are returning to classroom laboratory histol-
ogy instruction, thereby reducing the overall global need for online
histology laboratory resources like the Michigan Histology website.
More long-term data are required to confirm or disprove these pre-

liminary observations.

DISCUSSION

General considerations when planning and creating a
free e-learning resource

The creation of modern e-learning resources not only requires tech-
nical know-how, but often also financial support. Not all educators
have the technical expertise to independently create new e-learning
resources like a website, computer program, or mobile application.
Hiring outside contractors for such a project usually requires consid-
erable financial resources. It is also expensive to include drawings and
diagrams that are custom-made by professional artists. Obtaining an
institutional or foundation grant for financing an educational devel-
opment project is one option.>* However, medical education grants
usually have a limited budget and will rarely support the long-term
upkeep of the new resource. An alternative option is to develop the
new resource as part of the existing educational program at an edu-
cational institution. Following that strategy, the original version of
the Michigan Histology website was developed as a replacement for

light microscopes and glass slide boxes used previously for histology
laboratory instruction. The digitalization of existing histological glass
slides was done almost 20years ago by several UM faculty members.
Maintenance of the Michigan Histology website and access to the vir-
tual slide collection on internal servers is currently supported by the
UM Medical School's Health Information Technology and Services
group (HITS) as part of the school's teaching infrastructure. No re-
charges for information technology (IT) personnel's time or server
space are currently levied against the histology courses or the Cell
and Developmental Biology Department. UM histology learners are
the primary intended users of the Michigan Histology website. The
website was designed to serve three different histology courses
or components at the UM, dental, medical, and an undergraduate/
graduate histology course (Figure 1). The underlying pedagogy and
purpose of the Michigan Histology website, to offer self-guided
histology laboratory exercises, has not changed since its inception.
When faculty-guided laboratory sessions were still offered to UM
medical students (UM dental students have used the website as a
self-study resource since 2006), student participation decreased over

the years,38’51

eventually resulting in the abolishment of scheduled
laboratory sessions for medical histology and making the Michigan
Histology website the major histology laboratory learning resource
at the UM%

However, the Michigan Histology website's organization may
limit its appeal to outside educators and learners, whose course
structure and educational priorities may be different from the au-
thor's home institution. Another limiting factor for the use of an
outside website as a primary teaching resource, may be the unreli-
ability of Internet access in many parts of the world. Access may be
interrupted for technical reasons, or when the owner of a website
decides to discontinue or limit its availability.

Animportant factor for the success of an e-learning resource proj-
ect is also the quality of the image material, such as specimens and
images, that are available for the project. The virtual slides offered on
the Michigan Histology website are derived from a large glass slide
collection at the UM. However, no individual institutional resource
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is likely to be complete and of consistent high quality. Therefore, it
is often necessary to obtain missing or better specimens from col-
leagues or other sources. Alternatively, missing specimens may have
to be generated de novo to fill such gaps. In the author's experience,
an e-learning tool that address only one specific topic and does not
cover a complete course of study is often of limited use and less pop-
ular with learners. However, initially creating a smaller, more limited
learning tool may be a valuable first step as a proof of concept to at-

tract financial and logistic support for completing the project.

Technical pitfalls and speed bumps

Technological advances and software updates may sometimes re-
quire major updates of an e-learning resource. Recently, the original
virtual slide viewer of the Michigan Histology website needed to be
replaced as it required Adobe Flash (Adobe Systems Inc., San Jose,
CA). Since January 2021, Adobe Flash is no longer supported by
Internet browsers. This necessitated the reformatting of more than
400 virtual image files displayed on the Michigan Histology website
to make them compatible with the new Zoomify HTML 5 Enterprise
Edition (version 5) software (Zoomify Inc., Santa Cruz, CA).

One other concern when offering a web-based learning resource
is its vulnerability to malicious hacker attacks. The Michigan Histology
website uses an open-source content management system called
Drupal, which was developed and is curated by the Drupal commu-
nity.55 Unless the website is constantly updated and runs the latest
software version, it may become vulnerable to hacking attacks. In the
past, this has happened to the Michigan Histology website on three
occasions, twice resulting in a temporary shutdown of the site.

Besides major revisions, a resource like the Michigan Histology
website requires ongoing minor updates and corrections. The rea-
sons for these smaller changes are multifold, from simple typos and
broken links to layout inconsistencies. Although the anatomical
sciences are not quickly moving fields with frequent new insights
and changing information, occasionally, the information or presen-
tation of a specific topic will need to be updated or new images or
facts have to be added. Unless a significant malfunction occurs, it
is the author's experience that students rarely take the time to re-
port minor errors or dysfunctional links to the website administrator
but that non-UM colleagues sometimes report website problems to
the administrator. In summary, updating and correcting an educa-
tional website or similar resource is a never-ending chore. Another
issue that can limit the accessibility or lifetime of an open learning
resource can be the retirement or departure of the person(s) creat-
ing or maintaining the resource. Unless a new person is identified as
being responsible for maintaining the tool and/or it is an essential
part of the institution's learning environment (which has been the
case for the Michigan Histology website), missing updates and ser-
vices most likely will result in the ultimate demise of the resource. A
transfer of responsibility for the Michigan Histology website hap-
pened in 2010 when the previous administrator moved to a different
university and the author took over as website manager.

Language, legal, and ethical considerations when
creating e-learning resources

Another factor that may limit the usefulness of an open educational
resource for international clients is the language. Although English is
today's lingua franca in most scientific fields and is also used as the
instructional language at schools in non-English-speaking countries
that are geared to serve a diverse international student cohort, the
local language is often the predominant instructional vernacular in
many countries and global regions. Most free instructional resources
on the Internet are in English and even though many students in non-
English speaking countries have a basic level of English competency,
learning resources that are not in their native tongue may be less
helpful for these learners.>®>” Very few histology Internet websites

h.58 Despite this language limita-

are in a language other than Englis
tion, the Michigan Histology website enjoys wide international use.
Every year, users from over 200 countries and territories visit the
site. However, whether the impact on learning differs between na-
tive and non-native English website users remains unknown.
Copyright is another important issue that needs to be ad-
dressed when creating freely available educational resources.””
Copyright laws vary from country to country and there are no
universal standards. For example, US copyright law makes certain
limited allowances for the “fair use” of copyrighted material in a
closed classroom setting. However, this does not extend to ed-
ucational material that is offered unrestricted on the Internet or
other open venues. Therefore, using only material for which the
author(s) or his/her institution holds the copyright may be the pre-
ferred solution. Otherwise, the author(s) need(s) to obtain written
permission from the copyright holder. Alternatively, unrestricted
material for which the copyright has expired or items that are in
the public domain can be used freely. Most materials from US fed-
eral agencies like the National Institutes of Health (NIH) or the
Centers for Disease Control and Prevention (CDC) have been re-
leased into the public domain. Another option is the use of mate-
rial that is made available by the copyright holder under a Creative
Commons (CC) license.®® A CC license does not change copyright
ownership but grants a limited permission to use the material as
outlined by the CC license used. These limitations often include
the requirement to appropriately attribute the material to its
creator or owner and often restricts use to non-commercial ap-
plications. The Michigan Histology website is offered under a
BY-SA-NC (attribution-share alike-noncommercial) CC license
(Figure 1) and the author obtained written permission for images

t.%! These items/im-

for which the UM does not hold the copyrigh
ages are attributed to the unit/person that holds the correspond-
ing copyright. Any other copyrighted material is available to UM
students from a password-protected server. This material is not
available to individuals without a UM affiliation. Another option
when creating new educational resources that will be freely avail-
able is to buy a license from a commercial supplier. Also, as copy-
right law is nationally defined, content creators should be aware

that enforcing one's own copyright against unauthorized use in
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other countries is often impractical or impossible. As a further
complication, students not being aware of copyright restrictions
may post or upload copyrighted material that was made available
to them in a university course under the “fair use” clause on open
and sometimes commercial websites.

When creating new teaching resources, especially when using
human specimens, other concerns, usually of an ethical nature, may
arise.®?% The author(s) should make sure that proper consent was
obtained and that none of the material can be traced back to an in-
dividual or body donor. This applies not only to images but also to
patient case description and other material.

The use of the Michigan Histology website during the
Covid-19 pandemic

Starting in March 2020, the Covid-19 pandemic restricted face-to-
face classroom teaching worldwide.®*~%° Schools like the University
of Michigan that had disbanded faculty-guided histology laboratory
sessions previously continued to rely on online resources like the
Michigan Histology website and offered recorded lecture videos
to learners. Other schools that prior to the Covid-19 pandemic still
offered in-person histology laboratory instruction had to find al-
ternatives and many supplemented their histology and pathology
learning resources with online tools like the Michigan Histology
website or other similar material as listed in Table 1.34%771 While
the pandemic restricted in-person teaching, the Michigan Histology
website saw a noticeable increase in the number of sessions and
users (Figure 2) and it raises the possibility that the forced change
of teaching modalities contributed to that increase use of the web-
site. It will be of interest whether the observed increase in Michigan
Histology website users and visits will be maintained with the pan-
demic ending or whether schools will return to their pre-pandemic
modes of teaching. If the recent use of the Michigan Histology
website is a preliminary indication, the answer to that question will
vary depending on decisions made by individual schools. A second
open question is what impact switching to online learning had on
students' histology knowledge and skill levels. While some reports
claim an academically successful implementation of online histol-

68.72 5 long-term rigorous analysis of more than one

ogy teaching,
school may be needed to answer this question. In the absence of
solid data, many schools will have to decide whether to return to
pre-pandemic type of histology laboratory instruction or continue
with an exclusive online approach. Even though several studies
show that virtual microscopy is an effective technology to teach

7374 the argument has been made

histology and pathology online,
that the ability to use traditional light microscopes is still a valu-
able skill for today's medical professionals.”®”>7¢ If students are
left without any expert faculty support during their study of vir-
tual slides, pre-pandemic experiences from the author's institution
predict a decrease in students' histology learning outcomes.>>38

Regardless, it appears unlikely that all changes that were forced by
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the Covid-19 pandemic will be reversed and online resources like
the Michigan Histology website will remain an important compo-

nent for teaching histology in the future.

Study limitations

This article only describes the Michigan Histology website and the
author's advice and experiences with this resource may not apply
to other projects. Reasons for creating similar resources will vary at
different locations, as well as conditions and institutional support
for their establishment and maintenance. Access numbers for the
website were obtained from Google Analytics and need to be inter-
preted with care. Only IP locations are tracked, and individual users,
may have accessed the website from more than one location, as well
as several users may have shared a computer station, for example
when it was located in a university computing facility. Therefore,
the reported numbers for sessions and users may not be exact and
only reflect relative trends in website usage. As global access to the
Michigan Histology website is anonymous, the author only has lim-
ited information about the use and educational efficacy of the web-

site from places outside his own institution.

CONCLUSIONS

Creating and running free learning resources usually requires a lot
of work and a significant time investment, as well as financial and
technical resources. However, it is also a gratifying endeavor, as it
raises the visibility of the individual(s), and the school or organization
that offer such resources. A free educational tool can also initiate
new national and international contacts and possible collaborations
with students and colleagues at other schools. Finally, the educa-
tional benefits of such projects are often global and extend well be-
yond the author's own institution, helping educators, and learners in
countries where such resources are not readily available and cannot

easily be created.
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