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Abstract

Research Article

IntroductIon

Pathology is undergoing significant changes with the 
incorporation of molecular pathology techniques into routine 
reporting and the increasing use of digital imaging and other 
digital technologies in daily practice.[1-7] In the near future, 
pathology graduates are likely to practice in an environment 
that leverages digital pathology systems and robotics to 
improve efficiency, reduce cost, and potentially improve the 
quality of medical care.[2,4-6,8-16] Recently, digital pathology 
vendors such as Leica-Aperio, Philips, and Roche-Ventana have 
incorporated a common Digital Imaging and Communications 
in Medicine (DICOM) standard file format and network 
protocol into their products.[4,17-19] The use of a common DICOM 
standard can facilitate the wide distribution and viewing of 

whole-slide imaging (WSI) prepared with different systems 
and is likely to stimulate the adoption of digital pathology 
systems for routine surgical pathology work in an increasing 
number of hospitals and other pathology practices. One such 
digital pathology system from the Philips Medical Systems has 
been approved by the Food and Drug Administration in April 
2017 for routine diagnostic work. We expect similar vendors 
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incorporating this technology to receive approval for their 
digital pathology systems in the near future.[1,2,4,17]

These technological advances raise questions regarding how 
well we prepare our residents for the use of digital microscopy 
and other digital technologies in future diagnostic work. Our 
department has purchased whole-slide digital scanners and 
digitized a large number of cases of interest from various 
subspecialties that are available for “voluntary review” by 
residents. These are periodically used by faculty in “unknown 
case” conferences. However, it is our impression that residents 
and fellows are often too busy or lack the motivation to take 
advantage from these learning materials on their own time.

Screencasts are digital recordings of computer screen 
output with advanced interactive features that allow for the 
preparation of videos that capture real-time activities on a 
computer screen. Multiple commercially available applications 
are currently available for the preparation of screencasts. There 
are also multiple hosting websites that allow for the storage 
and sharing of these video-based lectures and/or slide-based 
lectures, as shown in Table 1.

Camtasia (TechSmith, Okemos, Michigan, https://www.
techsmith.com/video-editor.html) is all-in-one software that 
acts as a screen recorder as well as a video editor to edit, 
trim, and split video clips. It provides interactive features that 
include quizzes with results automatically e-mailed to faculty, 
bookmarks to specific points of the video, as well as hyperlinks 
to outside sources such as journal articles. Camtasia software 
also includes many motion graphic features such as animations, 
transitions, and annotations. The screencasts can, therefore, 
include PowerPoint presentations (Microsoft, Redmond, 
WA, USA), audio narrations, quizzes, and hyperlinks to various 
materials and be made available on a local network or the 
internet. To our knowledge, there has been limited interest in 
the development of teaching strategies specifically designed 
to train pathology residents to use digital microscopy for the 
routine diagnosis of surgical pathology cases.[13,20] Several 
applications and digital image repositories that incorporate 
annotated text and WSI have been developed including 
PathPresenter (https://www.pathpresenter.net), the digital 
pathology association (https://digitalpathologyassociation.
o rg /who le - s l ide - imag ing- repos i to ry ) ,  Pa thoBin 
(https://pathobin.com), and Philips pathology education tutor 
(http://www.pathxl.com/pathology-education-tutor), but to our 
knowledge, there is no information or data in the pathology 
literature regarding their acceptance as educational tools.

We report the results of a pilot study evaluating the use of 
screencasts designed to teach residents how to diagnose 
pulmonary pathology cases using digital microscopy. The 
screencasts contain hyperlinks to WSI that can be viewed on 
a computer or mobile device using readily available viewer 
software, narrated slide descriptions that closely simulate a 
traditional slide seminar, narrated short lectures, and hyperlinks 
to journal articles and other documents. Brief clinical histories, 
images, and WSI did not contain any information that could 
identify actual patients at Cedars-Sinai Medical Center and 
were exempted from the institutional review board. The 
screencasts provide a supervised rather than a “voluntary” 
teaching environment, as they include pre- and post-test 
quizzes that the residents are expected to answer as they study 
the materials; the answers to these quizzes are automatically 
distributed to faculty by e-mail.

MaterIals and Methods

Twenty “virtual pathology cases” were selected from neoplastic 
and nonneoplastic lung cases available in our pathology 
archives. Pulmonary pathology was chosen as the subject for the 
pilot use of screencast technology because residents generally 
get limited and intermittent exposure to interesting cases 
during their bi-weekly rotations at our institution. Pulmonary 
pathology is also the subspecialty of interest to two of the authors 
(AM, SK). The selected neoplastic and nonneoplastic lung cases 
included infectious diseases (Mycobacteria, Aspergillus spp., 
Coccidioides spp., Pneumocystis jiroveci, Cryptococcus spp., 
and Histoplasma spp.), acute lung injury (aspiration pneumonia), 
chronic diffuse lung injury (usual interstitial pneumonia, 
nonspecific interstitial pneumonia, hypersensitivity pneumonitis, 
and sarcoidosis), lung transplantation pathology (acute cellular 
rejection), lymphomas (mantle cell lymphoma and intravascular 
lymphoma), neoplasms (lung adenocarcinoma, epithelioid 
mesothelioma, and Langerhans cell histiocytosis), and other 
rare lung lesions (pulmonary alveolar proteinosis, amyloidosis, 
and mesothelial hyperplasia). The cases were anonymized by 
replacing the slide labels with patient information with labels 
showing only arbitrary teaching slide numbers. WSI of these 
cases was prepared at ×20 original magnification using an 
Aperio AT Turbo scanner (Leica Biosystems, Buffalo Grove, 
IL, USA) and stored in a shared drive available in our hospital’s 
network.

Each virtual pathology case was prepared using PowerPoint 
software (Microsoft, Redmond, WA, USA) and Camtasia 

Table 1: List of hosting website options

Hosting 
websites

Type Narration Embedded 
hyperlinks

Interactive 
quizzes

Results 
to faculty

Cost File size limit

Screencast.com Video Yes Yes Yes Yes Freemium1 2 GB of storage for free accounts
SlideShare.net Static Slide Deck No Yes No No Free 300 MB
YouTube.com Video Yes Yes No No Free 128 GB per video
Vimeo.com Video Yes Yes No No Freemium1 5 GB of storage for free accounts
1The freemium business model offers basic services for free and additional features at a premium cost
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Studio 8® (TechSmith, Okemos, MI, USA). After the slides 
were scanned in, each screencast took approximately 1–2 h 
to produce and was structured to provide teaching materials 
in the following sequence: brief clinical history, imaging 
studies, hyperlink to WSI, pretest quiz asking for diagnosis 
and other questions pertinent to the case, and a faculty-narrated 
video describing the WSI. The faculty explains the case as it 
would have been done in a traditional slide seminar using a 
multiheaded microscope, with salient points of the pathologic 
entity being illustrated and a final quiz [Figure 1]. The clinical 
history is shown in one or more PowerPoint slides [Figure 1a]. 
The videos with imaging information were recorded with 
Camtasia software of the chest computed tomography 
scans and/or chest X-rays using a desktop computer and the 
picture archiving and communication system available in 
our electronic medical records [Figure 1b]. Videos were also 
recorded of narrated descriptions and brief lectures of the entity 
being discussed by a faculty member of the same Aperio slides 
that were previously viewed by the trainee. These videos were 
saved in TREC and CAMPROJ file formats.

Once all the materials necessary to prepare a virtual pathology 
case were created, PowerPoint files and recorded videos were 
imported into the Camtasia software and organized with ease 
in the sequence listed in the previous paragraph by simply 
dragging each file in the desired order. Interactive features such 
as hyperlinks to the location of the Aperio slides [Figure 1c] 
and quizzes [Figure 1d] were then added to the screencasts. 
Arrows, text boxes, and other various geometric shapes were 
used to annotate and highlight features in the faculty-narrated 
segments [Figure 1e]. A posttest was included to assess whether 

Figure 1: Components of screencasts: brief clinical history (a), imaging 
studies (b), options of viewing embedded video of whole‑slide image and/
or manual viewing of whole‑slide image (c), pretest (d), annotations in 
faculty‑narrated segments (e), and posttest with subsequent answers 
provided (f)

the users learned from the teaching materials [Figure 1f]. The 
screencasts were saved as CAMPROJ files in the departmental 
shared drive and uploaded to Screencast.com. Files were also 
saved as a digital multimedia container file format (MP4), 
which were uploaded to YouTube.com and Vimeo.com.

These screencasts can be viewed with personal computers 
using Windows 7 or higher operating system, MacOS 10.10 
or higher operating system, and/or mobile devices using 
iOS® (Apple, Cupertino, CA, USA) or Android® (Alphabet, 
Mountain View, CA, USA) software. The WSI can be 
viewed using ImageScope software or WebScope web-based 
software (Aperio, Leica Biosystems, Buffalo Grove, Illinois, 
USA) from the hospital’s hosting options. Both ImageScope 
and WebScope enable the adjustment of the WSIs from low to 
high magnifications [Figure 2]. Videos without narrations that 
recorded the observation of the WSI at various magnifications 
can alternatively be viewed from nonlocal hosting sites. The 
quiz results included in the screencasts are automatically 
e‑mailed to a selected faculty member, who is able to confirm 
that the resident studied the materials and demonstrated 
mastery of the materials by comparing the pre- and post-test 
scores.

Ten pathology residents (3 PGY-1’s, 3 PGY-2’s, 2 PGY-3’s, and 
2 PGY-4’s) and two fellows (2 PGY-5’s) were asked to view 
the screencasts and provide feedback by answering a survey 
containing several questions. All responses by participants 
were collected anonymously. The initial sections of the 
screencasts showed the “virtual pathology cases,” including 
hyperlinks to the WSI. The residents and fellows were asked 
to diagnose the cases using digital microscopy and to provide 
their diagnostic assessment by answering the pretest quizzes. 
After completing these tasks, they were able to view and 
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Figure 2: WebScope software (Leica Biosystems) enables the adjustment 
of the whole‑slide images from low (a) to high (b) magnifications
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listen to a discussion of the case, akin to a slide seminar 
discussion, by faculty. At the end of the exercise, they were 
asked to answer posttest questions that “certified” that they 
had studied the materials using the screencasts. The survey 
questions were designed to get participant feedback regarding 
the quality of the teaching materials, the evaluation of the 
technical quality of screencasts on a 1–5 scale, the interest 
in using screencasts for their education, and the enthusiasm 
about the usefulness of this teaching format shown in Table 2. 
The survey also included questions regarding the ideal length 
of the screencasts and preferences in the platform to view 
the screencasts and allowed for voluntary free-text answers 
regarding strengths and weaknesses in the screencasts and 
suggestions for improvement. The results of the pre- and 
post-tests were compared using a paired t-test.

results

Screencast files were relatively small, up to 100 MB for 
videos lasting up to 10 min. Screencasts could be adequately 
viewed using the departmental intranet, YouTube.com, 
Vimeo.com, and screencast.com using desktop computers, 
laptop computers, and iOS® or Android® mobile devices. 
Screencast.com has a limit of 2 GB of storage upload per 
month free of charge. YouTube.com offers unlimited uploads, 
restricts each video size to no more than 128 GB, and does not 
support interactive capabilities. Vimeo.com does not support 
interactive capabilities and has weekly limits of storage upload. 
The three internet companies offer different payment plans 
with various storage and other additional options. Of these 
options, only files saved in the departmental intranet and/or 
screencast.com provided the ability to answer quizzes and 
automatically e-mail the results to an attending pathologist. 
These sites were used by the residents to study the materials 
and answer the quizzes.

Feedback by participants was very encouraging as shown by 
average score answers to the various survey questions ranging 
from 4.5 to 4.8 [Figure 3]. Free-text responses to the survey 
included favorable comments by several residents who found 
that the screencasts were fun to use and a valuable learning 
tool. Additional free-text comments are included in Table 3. 
Participants significantly improved the number of correct 
answers in posttests (mean = 87.0% [±21.6%]; median = 100.0%) 
from those in the pretests (mean = 48.5% [±31.2%]; 
median = 33.3%) (P < 0.0001).

dIscussIon

Our pilot project shows that screencasts containing “virtual 
pathology cases,” digitized slide seminars, and other learning 
materials can be readily prepared by pathology staff and house 
staff without the need for specialized technical support. The 
screencasts were well received by our residents and fellows and 
appear to provide a useful learning tool that could stimulate them 
to become familiar with the use of digital microscopy for routine 
diagnosis, while exposing them to a collection of interesting 

surgical pathology cases that may not be readily encountered 
during their relatively brief rotations through various 
subspecialties. This manuscript mainly focuses on the use of 
screencasts to teach surgical pathology using digital pathology, 
but the technology can also be used to teach gross pathology and 
the performance of various techniques such as the preparation of 
frozen sections, preparation of samples for lymphoma workup, 
and other tasks. Although there is vast content demonstrating 
its widespread use in higher education environments, there is 
limited information in the pathology literature illustrating the 
use of screencasts for educational activities. Literature search 
only showed that Mills et al. described the use of screencasts 
containing “sound bites” as a tool to teach cytopathology.[21] 
These “sound bites” included PowerPoint-based lectures with 
voice narration and multiple choice checkpoints.[21]

Table 2: List of survey questions for participant’s 
feedback

Survey questions for participant feedback
1. Will you be interested in using screencasts for your pathology 
education?
2. Describe your degree of enthusiasm to use screencast technology to 
learn pathology?
3. Describe how useful you find the following features

a. Case-based videos
b. Description of Aperio slides by attending
c. Quizzes

4. Do you feel that your fund of knowledge in pathology improved with 
the screencasts?
5. What is the ideal length of the screencasts that you find most appealing?
6. Which would you prefer to view the videos?
7. Please identify what you consider to be strengths of the screencasts?
8. Please give suggestions on how you think the screencasts can be 
improved
Questions 1-4 answered on a scale from 1-5: 1. Not interested/
enthusiastic, 2. Somewhat not interested/enthusiastic, 3. Neutral, 4. 
Somewhat interested/enthusiastic, 5. Very interested/enthusiastic, 
Question 5: 0-5 min, 6-10 min, 11-20 min or >20 min, Question 6: 
Computer versus mobile phone; Question 7 and 8: Voluntary free-text 
answers

Figure 3: Feedback from participants to survey questions is favorable 
with mean values of 4.5–4.8 higher on a scale of 1–5 (n = 12). The bar 
graph shows mean values and standard deviations
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Multiple studies in our laboratory and others have shown 
that similar diagnoses can be obtained using digital and light 
microscopy and that digital microscopy can be effectively 
used for primary surgical pathology diagnosis, telepathology, 
teaching, and other applications.[22-30] Digital pathology 
systems offer a variety of logistical advantages, as they can 
streamline the flow and storage of cases, help reduce clerical 
errors, shorten turnaround time, and provide other operational 
efficiencies. These have stimulated an increasing interest in 
using them to replace the time-tested method of distributing 
glass slides throughout a laboratory for examination with light 
microscopes.[10,14,20]

Digital microscopy has already proven to be a practical 
alternative to conventional microscopy in pathology education 
and has replaced traditional microscope laboratories in 
many medical and dental schools.[13,31-34] It has also been 
used to provide a large number of interesting cases over the 
internet.[35-38] The potential advantages of digital microscopy 
include the ability to store and distribute cases, integrate 
the scans with the electronic medical records for review, 
disseminate imaging studies, and facilitate second opinion 
consults by pathologists inside or outside the hospital system 
anywhere in the world. The use of digital microscopy will 
also probably stimulate the development of various image 
analysis methods that use deep learning algorithms and other 
artificial intelligence methods as diagnostic aids.[39-43] In our 
view, it is likely that digital pathology systems will rapidly 
improve their capabilities and decrease their cost as other 
computer-based technologies have done in the past. Thus, 
while the use of screencasts will increase pathology trainees’ 
exposure to pulmonary pathology, it will also give them 
exposure to digital microscopy in a manner that encourages 
them to become comfortable with the use of this technology for 
primary diagnosis in this advancing technological landscape. 
These educational efforts need to include a frank discussion 
of some of the current limitations of digital microscopy for 
cytologic diagnosis, where there is a need to focus the images 
in multiple planes, and evaluation of small structures such as 
mycobacteria that may be difficult to view on WSI prepared 
with current technology.

conclusIons

Screencasts offer practical teaching tools to familiarize 
residents and fellows to digital microscopy by having them 
diagnose actual “virtual cases” and to provide them with 
instructional videos that complement the diagnostic activity. 
Indeed, at a time, when YouTube and other websites have 
thousands of educational videos showing how to perform a 
variety of tasks, including how to learn pathology, it is a little 
surprising that screencasts or other videos have not been used 
more frequently to train residents, fellows, technologists, and 
other laboratory personnel. Although our pilot study has had 
positive feedback and results with our trainees, future studies 
where the potential of screencasts as a tool to teach pathology 
is evaluated with a larger number of digital pathology cases 
and a larger cohort of pathology trainees are needed to promote 
the use of this technology.
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