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For a long time, histology has been a well-established, fundamental 
part of many biomedical curricula. As it provides a bridge from the 
macroscopic field of gross anatomy to the molecular sciences such as 
biochemistry, physiology and pharmacology, histology constitutes a 
central link between the visible and the submicroscopic dimension. 
In addition, by contrasting normal tissue structures and functions 
with changes seen under disease conditions it serves as a gateway to 
pathology. Histology as a scientific field and as an educational subject 
has always relied on technology, initially the introductions of reliable, 
high-quality light microscopes about 150 years ago. This enabled 
students and researchers to analyze tissues and cell structures at an 
increasingly smaller scale. The microscopic dimension and its reliance 
on visual information for the interpretation and understanding of 
tissue structure and function still provide major challenges for many 
students, who study histology for the first time. Over the last decade 
new technological advances have resulted in significant changes how we 
teach histology to our students [1-3]. One of which is the abandonment 
of traditional light microscopes in favor of digital histological images, 
referred to as “virtual microscopy” [4-9]. In this overview, I would 
like to use the experiences, which we made using virtual microscopy 
for teaching histology at the University of Michigan, to discuss the 
advantages and disadvantages, as well as future possibilities these new 
technologies provide to us for teaching a traditional subject to today’s 
computer-savvy generation of students and how these students make 
increasing use of virtual microscopy and other electronic resources. 

So why is the use of real light microscopes no longer “cool” for 
teaching histology? For many years, students have been studying sets 
of histological glass slides by regular light microscopy. However, the 
maintenance of a large number of student microscopes for teaching 
purposes and of sizeable collections of glass slides makes this approach 
a constant financial drain on any educational institution. As the quality 
of histological preparations is inherently variable and as glass, slides 
of many tissues, especially of human origin, are difficult or impossible 
to come by or to replace, this often results in great disparities between 
the learning resources that are available to individual students. On 
the positive side, students are required to learn the intricacies of 
manipulating a light microscope and to appreciate the variability of 
the biological material they have at their disposal. Over the last decade, 
more and more institutions of higher learning offer histology and 
pathology courses that partially or entirely rely on virtual microscopy 
as a main teaching tool [3]. Regular histological glass slides, which can 
be selected for quality of tissue preservation and histological staining, 
are scanned and converted into high-resolution digital images that are 
stored electronically on fast, high capacity computer servers. Students 
can access these images through local networks or the Internet and view 
them using regular computer monitors. As an example, the University 
of Michigan virtual histology slide collection is freely accessible through 
the Internet at http://histology.med.umich.edu. Appropriate software 
allows each student to select specific regions of interest on the slide, to 
zoom in and out and to move to other areas at their free choice. Like 
using Google Earth, only a small portion of the often Gb-size virtual 
image file is downloaded at a given time. This provides students with 

a viewing experience that is very comparable to real histological glass 
slides (Figure 1). In addition, every student in each class has equivalent 
access to the highest quality slide material. However, as a drawback, 
virtual microscopy delivers only a single plane of focus, thus lacking 
the vestige of three-dimensionality, which students can obtain using the 
fine focus knob of a regular microscope. In addition, virtual microscopy 

Figure 1: Shown is a screen capture of a virtual slide from the Michigan virtual 
slide collection that represents a histological section of the inner ear.  The upper 
panel shows the entire section at 0.8X magnification whereas the lower panel 
depicts a segment with the organ of Corti at maximal magnification (40X). 
http://141.214.65.171/Histology/Central%20Nervous%20System/EAR-1_
HISTO_40X.svs/view.apml
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relies heavily on a stable technological infrastructure that must 
accommodate multiple users accessing the same slide simultaneously 
and potential server outages. Most of today’s students will gladly accept 
these limitations as they are freed from restrictive laboratory hours and 
are able to study histology and pathology at their own time schedule 
and from any location that provides server access.

At the University of Michigan, we started using virtual microscopy 
in combination with histological glass slides and regular microscopes 
for teaching medical histology during the academic year 2005/06. 
With the following year, medical students used predominantly virtual 
microscopy and were only offered sets of glass slides and a loan 
microscope upon request at the beginning of the histology component. 
Over the last 6 years, less than 10 out of over 1,000 students took 
advantage of this offer. As an alternative, we recently started setting 
up a number of demonstration microscopes with selected glass slides 
in one of the histology labs. Again, very few students regularly used 
this opportunity to compare histological slides viewed through real 
microscopes with the virtual images. Only 4 out of 142 students reported 
that they used the demonstration microscopes during every lab session, 
whereas 92 students indicated that they never used them over the 

entire M1 histology component (Figure 2, column 5). This choice of 
electronic technology over traditional approaches agrees well with the 
results of a recent study of student’s resource use preferences to learn 
histology [10]. This study looked at the usage of various electronic and 
traditional histology-learning resources by the University of Michigan 
Medical School class of 2014. After the conclusion of the M1 histology 
component students were surveyed which educational resources they 
used to learn histology and how this usage changed over the academic 
year. Our study revealed two important tendencies exhibited by medical 
students learning histology. In general, most students preferred to study 
histology at their own time and scheduled resources, such as lectures 
and lab sessions, suffered a decreasing attendance as the academic year 
progressed. The second major finding showed a strong and growing 
preference to use a variety of electronic resources, not only virtual 
microscopy, but also lecture videos and supplemental histological 
PowerPoint series. Many traditional learning resources especially 
textbooks were used by very few students. It appears that the findings 
reported by Holaway et al. [10] and shown in Figure 2 reflect a general 
attitude of students studying histology. 

However, not all traditional forms of teaching histology and 
pathology are rejected. Even though classroom attendance is declining 
over time, well over half of all Michigan M1 students elected to attend 
lectures regularly in person (Figure 2, column 1). Although recorded 
podcasts of lectures may be useful to clarify points a student might have 
missed during a live lecture presentation, a lack of image quality and 
the inherent unidirectionality of the teacher-student interaction usually 
make them an inferior learning experience. 

With the introduction of new technologies such as virtual 
microscopy the question arises whether students’ performance 
suffers ? Many studies that evaluated students’ learning success in 
histology courses taught using virtual microscopy reported significant 
improvements in students’ performance [11-14], whereas one looking 
at the graduate student level found no significant changes [15]. 
This indicates that when compared to the traditional, microscope-
based approach of teaching histology, virtual microscopy is at least 
comparable, if not more effective for learning the structure-function 
relationship in tissues and organs at the microscopic scale. However, 
the knowledge of how to operate a regular light microscope is still a 
useful skill. This not only applies to the research environment, but also 
to some clinical settings, especially in practices and hospitals where 
digital technology is not yet available or to some routine procedures, 
such as in an OB/GYN practice [16]. 

However, the pace of change is not slowing down. On the contrary, 
new technologies that will help to teach the microscopic sciences are 
arriving with an ever increasing speed. One such type of gadget is 
iPad and Android-based computer tablets, which add an unsurpassed 
degree of portability and mobility to our students’ ability to access 
information and educational material. With appropriate software, 
these devices enable students to study virtual slides and other histology 
material almost anywhere at any time. In addition, computer tablets 
will be excellent platforms for the development of novel interactive 
teaching tools that are highly valued by today’s students. For example, 
we recently published a self-evaluation application for the iPad that 
is called “Michigan eHistology – A SecondLook™ Series” (http://www.
med.umich.edu/lrc/secondlook/). In its original PowerPoint format 
this resource has been extremely popular with Michigan students 
studying histology for assessing their preparedness level before taking 
quizzes and exams [10]. The excellent image quality and ease of use 
make electronic tablets a superior tool for viewing virtual microscopic 

Figure 2: The figure is a graphic representation of responses from the Michigan 
Medical Class of 2015 to a survey about their use of various learning resources 
for histology that were offered during their first year of medical school (with 
the generous permission by Louisa Holaday, Daniel Selvig and Joel Purkiss).  
The clock marks didactic resources that were only offered at specific times, 
specifically lectures and laboratory sessions. The bottom panel indicates the 
reported frequency of usage for these different resources, whereas the red and 
green arrows indicate self-reported changes of over the academic year. 142 of 
a total of 167 M1 students participated in the survey (85.6% response rate).

http://www.med.umich.edu/lrc/secondlook/
http://www.med.umich.edu/lrc/secondlook/
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images and the development of new teaching strategies for histology, 
pathology and other biomedical fields.

The use of virtual microscopy is now an accepted and often 
integral part of teaching histology and pathology at many institutions 
of higher learning in the US and worldwide [3]. Most students appear 
to have enthusiastically embraced this change of teaching modus 
with no indication that their learning success has been compromised. 
When carefully used in the context of a coherent didactic program 
the advantages of adopting virtual microscopy and other electronic 
educational media clearly outweigh their limitations.
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