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ABSTRACT — Five years ago, the system of practical teaching at our Department
of Histology and Embryology in Olomouc underwent major innovation by using
e-learning format in the delivery of high-quality histology virtual slides (VS) and
subject-related supporting documents observed on a PC. We have developed our
own system of application of virtual slides in a classroom equipped with PC tech-

nology. In this communication, we are evaluating the impact of this method on
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our pedagogic effort from a teacher’s and students’ points of view.

INTRODUCTION

Histology is one of the basic morphological courses
at medical faculties. Observation of images is a cru-
cial method for understanding how tissues, as well as
organs, are organized and function. A traditional light
microscopy and glass histology slides were essential
study tools of practical histology in the past. In the last
decade, advances in computer technologies allowed
a “quiet revolution” in learning and teaching, as well
as diagnostic assessment in morphological disciplines
such as histology and pathology [1]. Implementation
of virtual microscopy (VM) constitutes an effective
tool in new approaches and efficient ways in innova-
tive teaching sessions at morphological departments.
Curriculum using the virtual microscopy has been de-
veloped at several universities and the application of
virtual technology has expanding tendency in educa-
tion systems throughout the world [2-13].

METHODS

The virtual microscopy system allows conversion
of classical glass histology slides into digital images
characterized by high resolution. Glass histology sec-
tions were scanned by means of the Olympus dotSlide
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system [14] to create thousands of overlapping images
saved in a multi-resolution file format (vsi).

Files of VS can be quite large (up to gigabytes).
Nevertheless, VS are easy to open and quick to reload
when changing the field of observation or magnifica-
tion. The delay in loading and magnifying virtual slides
on the client PC is negligible and multiple supporting
files open quickly and can be used continually during
the study. The resulting images can be colour-, con-
trast-, and brightness-corrected to further improve
the quality of faded stains in sections.

The scanning of glass slides was done with a stand-
ard 40x objective lens. Using Olyvia viewer (Olym-
pus) the images can be viewed on local PC or in the
web browser as a single image map with variable mag-
nifications [15].

Our classroom dedicated to histology practical
sessions is equipped with 1 server PC (teacher) and
30 students’ PCs (clients) (Figure 1). This system is lo-
cally networked with limited, password protected con-
nection to the faculty intranet. The server is a standard
Microtower PC (Processor Intel® Core™ 2 Duo E8400,
3.00 GHz, 2x2 GBRAM, L2 6 MB cache) running on MS
Server 2003 Standard Edition. The student’s PC (client)
is an ultra-slim unit (Processor Intel® DualCore™
E6500, 2.90 GHz, 2x2 GB RAM) running on windows
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XP, SP3 operating system. The core of our virtual slide
learning system is our own Database of Histology Prac-
tical designated in MS Excel format. Our database is
available in two language versions, Czech and English.
VS are arranged into 24 sessions that systematically
follow the syllabus of histology topics focused on gen-
eral and special histology. The student’s PC have Ad-
ministrator, Lector, Student and Exam accounts set up.
Students can assess only the last two accounts without
any login password. The last two accounts have limited
users’ rights preventing any modification or delete any
of the study documents. Further technical data on the
setup of our practical room network are available in
Krajé{ et al. 2011 [16].

For electronic testing of student’s practical knowl-

FIGURE 1. Histology practical session with virtual slides.

Students follow demonstration of laryngeal structures edge, we have prepared quizzes using Articulate Quiz-
projected on the screen in this classroom and observe the maker 13 software [17] which is simple and easy to use
identical slide on the monitor of their client PC stations by teachers having no programming skills. This soft-

ware has a selective option to shuffle sequences of
questions and also to shuffle all distracters in the quiz
randomly on monitors of student’s PCs so that only
one version of the quiz is enough to prepare for one
practical class. The time limit for display of each ques-
tion and a total time allowed for a complete test were
also settable.

“Histology and Embryology” is a theoretical sub-
ject taught in two semesters in both General Medicine
and Dentistry programmes. During long-term appli-
cation (years 2010-2014) of our new digital format of
practical teaching histology we have questioned stu-
dents from both General Medicine (794 respondents)
and Dentistry (405 respondents) study programmes to
evaluate the impact of this new didactic format as seen
from students’ points of view. We have also evaluated
teacher’s attitude to this innovative teaching process.

RESULTS

FIGURE 2. Majority of medical students prefers
PC technology delivering virtual slides over
the conventional use of light microscopes (LM)

After logging into a welcome desktop screen, stu-

dents are hyperlinked into the content page of the

histology practical database. In each session, a set of

i the virtual slides is completed with information on

5 slide properties, keywords, file size, and also overview

687 64% 63% images of virtual slides. Additional supporting docu-

ments in .pdf and .ppsx formats are also available for

56%) each of the histology topics.

When we introduced our own e-learning system

50% based on virtual slides (in 2010), we asked second--

year students of General Medicine and Dentistry, who

passed this new model of practical histology for the

= first time, to evaluate the digital format of practical
2010 2012 2013 2014

5

L

sessions by means of anonymous questionnaires (the
setup of the questionnaire and results are discussed in
FIGURE 3. Increasing positive tendency was mentioned in the [18]). The majority of students in both specializations
students” use of supporting documents during the long-term evaluated the use of virtual slides positively and ap-
application of e-learning format of histology practicals R .
preciated the benefits of the new digital form of prac-
tical histology sessions (the study of histology struc-
tures in VS, the work with supplementary documents).

2011
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FIGURE 4. Almost all students (96%) download supporting
text and figure materials for later self-revisions
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FIGURE 5. The majority of students from both study
programmes, General Medicine (GM) and Dentistry (D)
preferred electronic forms of examinations over oral ones

Preliminary results of the evaluation are available in
Pospisilova et al. [19]. The positive trend in acceptance
of VM by students was evident also in following year
evaluations. Based on students’ responses, our dig-
ital-learning format brought several benefits to our
teaching practice. During last five years majority of
students (90%) in General Medicine and in Dentistry
study programs (Figure 2) readily accepted the use of
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computers for observation of VS. The young popula-
tion of students represents a computer-trained gen-
eration that is in compliance with new modern PC
technologies.

The increasingly positive tendency was also found
in the students’ use of supporting documents attached
to the e-learning system (from 50% to more than 60%
during the years 2012-2014, Figure 3). More than half
of students claimed that they benefited from using
the supporting documents (slide guides, .ppt pres-
entations, and electron microscopy images) during
each practical session and almost all students (96%)
download these didactic materials to their external
media for later self-revisions (Figure 4). The new dig-
ital format using virtual slides and supporting mate-
rials was well accepted by teachers as well. Teachers
benefited from a uniform high quality of presented
virtual slides and also from more flexible personal
communication with students in the class when indi-
vidual guidance and explanation were needed at the
student’s monitor. This feature improves communica-
tion between students and teachers and improves their
mutual understanding.

Students from both study programmes, Gen-
eral Medicine (GM) (Figure 5A) and Dentistry (D)
(Figure 5B) also admitted that they benefited from
the in-course electronic testing that motivated stu-
dents to more systematic individual study. They un-
equivocally preferred electronic forms of examina-
tions over oral ones.

There were also some drawbacks recognized during
the hours of histology practicals, like a tendency of
some students to passively follow the demonstration of
digital slides. This should be minimized by the proper
interactive engagement of students in the practical
histology session. Using the screen printing func-
tion of the Olyvia viewer, students create their own
presentations. They are able to screen-copy to a clip-
board selected areas of virtual slides and paste them
directly into their own-created .pptx presentation that
are useful for later revisions.

Simultaneously, students watch projected virtual
slides by means of the overhead projector on a wide
screen accompanied by a teacher’s explanation.
(Figure 1).

Access to virtual slides at any time, not only during
scheduled practical sessions, is provided through the
external login (intranet, internet, multiple brows-
ers) to the database of virtual slides (Olympus, NIS-
SQL) which correspond to those in practical sessions
(Figure 6) [20]. The open-access database contains
short annotations of typical histology structures that
are essential for identification of slides. Unlimited
access to the database allows students to revise his-
tology structures themselves.

In traditionally-oriented histology teacher’s opin-
ion, the drawback of virtual microscopy could be the
limited experience with practical handling of light
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FIGURE 6. Virtual slides are freely available in an open
access database Olympus NIS SQL. In this website VS
are accompanied by short annotations locating and
describing the main histology structures (arrows)

microscopes in practical sessions. From our point of
view, the inclusion of classical histology observing
methods using light microscopes depends on the or-
ganization of teaching lessons. We do not underesti-
mate the importance of classical microscopy in the
didactic procedure. Our students also have the pos-
sibility to use light microscopes during or at the end
of their regular histology sessions. Classical binocu-
lar light microscopes are available for each student in
the class to revise and compare both image qualities
of histology structures.

In order to follow up the student’s performance in
other preclinical subjects and to receive their com-
parative evaluation of the digital learning method, we
questioned students of 3rd year of the General Med-
icine Programme (136 respondents) who already had
passed the Histology course with PC-based practices
and at that time were currently attending histopathol-
ogy practical sessions conducted in the classical format
of a glass slide presentation. Although 46% of respond-
ing students experienced some discomfort when they
switched to a fully manual examination of glass slides
in pathology, most of them (90%) still preferred ob-
serving the virtual slides on PC monitors over the ob-
servation of glass slides. In the same attending group,
51% of students preferred virtual microscopy, 45% sup-
ported a mixed observation of virtual and glass slides,
and only 4% of respondents preferred the conventional
microscope observation method (Figure 7).

DISCUSSION

Digital-learning format enabled us to introduce new
models of practical teaching histology. At the Faculty
of Medicine and Dentistry in Olomouc, the new digital
format using virtual slides and supporting study ma-
terials represents a fundamental innovation in didac-
tic principles of classical morphology sciences. From

VIRTUAL
MICROSCOPY

BOTH
FORMATS
IN RATIO 1:1

LIGHT
MICROSCOPY

FIGURE 7. From the student’s point of view, virtual microscopy was
preferred to conventional optical observation. Half of students
favoured virtual slide observation only, less than half supported
the use of both formats, virtual and classical microscopies

our point of view, the main preconditions that ena-
bled the switch from classical light microscopes to vir-
tual microscopy include a technical and software sup-
port, extensive collection of classical glass slides, “PC
help care” performed by IT specialists available during
practical sessions and enthusiasm of teachers who are
open to new didactic strategies.

Recent findings based on the long-term evaluation
of computer-assisted teaching histology follow and
extend our previous already published data presented
in MEFANET reports 04 a 05 [16,21].

According to the long-term experience, our system
runs faultlessly and it is easy to be used by students
and teaching staff.

Students considered virtual microscopy system
comfortable and more efficient tool for study. Stu-
dents also appreciated the better resolution and better
image quality of virtual slides compared with conven-
tional microscopes. This is the main statement high-
lighted also in other studies dealing with the appli-
cation of VM [3,7,8,10,12,22,23]. The uniform set of
virtual slides of the same quality was used for all stu-
dents and they benefited from high-quality scans of
histology slides available equally to all students in the
class. They allowed them to study and discuss various
details of cellular and tissue arrangements clearly at
various magnifications.

When using the virtual slides, the classical glass
slides no longer need to be stored in hundreds of sec-
tions, and also some rare samples or slides prepared
with special staining and expensive methods can now
be safely presented to students. Digital slides prevent
loss or breakage of this valuable teaching material.

Student’s self-created .pptx presentations with de-
tails of already observed VS and text legends fully sub-
stituted the hand-drawn and written notes used in
earlier years during practical sessions. The active par-
ticipation in creation of own presentations increases
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student’s interest and attention during sessions and,
on the other hand, this didactic method provides
a good tool for teachers for their concurrent control
of a student’s activity in large groups.

Despite the engagement of teachers during prac-
tical sessions, implementation of E-learning format
based on digital technology requires supplementary
documentation such as precise description and an-
notations of VS that is essential for later self-study
and revision. Students greatly appreciate the unlim-
ited access to the online NIS-SQL database of anno-
tated virtual slides [20], which correspond to those in
practical sessions, at any time and place with external
login (intranet, internet, multiple browsers). The ex-
ternal practice with VS allows students to study slides
that have otherwise been restricted to the classroom
equipped with conventional optical tools and sets of
glass slides. These findings are also supported by the
study of Tian Y at all [10].

The new teaching format also fulfils students’ expec-
tations to use innovative technologies (PC, laptops, and
tablets) during their study. The previously mentioned
benefits are also reported in other studies concern-
ing virtual teaching programmes [1,22]. E-learning
format, delivering virtual slides is an efficient didac-
tic tool which supports active student’s approach and
their engagement in group activities on virtual slides.
The observation with Olyvia viewer is highly interac-
tive and user-friendly, making the orientation in the
VS at various magnifications easy. It enables students
to quickly follow teacher’s demonstration of the same
slide simultaneously projected on the central projec-
tion screen and to better concentrate on the comments
given by the teacher. This is a highly beneficial fea-
ture of this system that helps to manage ever-increas-
ing numbers of students at our faculty. The number of
students attending the 1st year of the Faculty of Med-
icine and Dentistry at the University in Olomouc is
more than three hundred in the General Medicine pro-
gramme and about one hundred in Dentistry study
programme. The current trend at other universities is
to organize histology sessions in large practical labs of
50 and more students at once [1,10].

PC-networked classroom also provides an easy
environment for computerized testing of student’s
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practical knowledge. Our digital learning system
seems to be an efficient tool for computer-based as-
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ing and illegal downloading data when the teacher’s
PCis logged on.

The e-learning format of delivering virtual slides
brings the substantial changes in the methodology of
teaching morphological subjects like histology to stu-
dents of medicine.

Because of the use of modern technology, this
system attracts the attention of students and makes
this subject more interesting to study. It stimulates the
engagement of students during practical sessions and
their independent work. Mufioz and Lépez [11] high-
lighted another prospective benefit of VM in believing
that students may play a central role in the interac-
tive, group-based histology practical, whereas teach-
ers may serve as guides on students’ learning sessions.
Most of the discussed drawbacks of the VM can be pre-
vented by a proper organization of practical sessions.
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