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Abstract

Medical students require a strong foundation in normal histology. However, current trends in medical school curricula have
diminished time devoted to histology. Thus, there is a need for more efficient methods of teaching histology. We have developed a
novel software program (Novel Diagnostic Educational Resource; https://pcs-webtest0.pathology.washington.edu/academics/
pattern/) that uses annotated whole slide images to teach normal histology. Whole slide images of a wide variety of tissues were
annotated by a trainee and validated by an experienced pathologist. Still images were extracted and transferred to the Novel
Diagnostic Educational Resource web application. In Novel Diagnostic Educational Resource, an image was displayed briefly and
the user was forced to identify the tissue type. The display time changed inversely based on cumulative accuracy to challenge the
user and maintain engagement. A total of 129 second-year medical students completed the 30-minute Novel Diagnostic Edu-
cational Resource module. Surveys showed an increase in confidence from premodule (0% extremely confident, 4% very, 47%
somewhat, and 49% not) to postmodule (9% extremely confident, 57% very, 32% somewhat, and 2% not), P < .0001. Accuracy
increased from 72.6% pretest to 95.7% posttest, P < .002. The effect size (Cohen d = 2.30) was very large, where 0.2 is a small
effect, 0.5 moderate, and 0.8 large. Ninety-six percent of students would recommend Novel Diagnostic Educational Resource to
other medical students, and 98% would use Novel Diagnostic Educational Resource to further enhance their histology knowledge.
Novel Diagnostic Educational Resource drastically improved medical student accuracy in classifying normal histology and
improved confidence. Additional study is needed to determine knowledge retention, but Novel Diagnostic Educational Resource
has great potential for efficient teaching of histology given the curriculum time constraints in medical education.
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Histology forms the foundation of human biology, and a comprise a total of 15 months of instruction. In addition, the

strong background in histology is essential for studying
pathology. Medical school curricula have traditionally taught
normal histology during the “preclinical” or “basic science”
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curriculum lacks a dedicated normal histology course and
time at the microscope.

Many residency programs, in particular pathology, feel the
negative consequences of decreased normal histology prepara-
tion during medical school.> The Association of Pathology
Chairs has identified a gap in histology knowledge among
incoming residents and has highlighted the difficulty in reme-
diating this gap during training given the already tight time
constraints in residency.* Thus, curriculum time constraints
necessitate innovative methods for teaching normal histology.”
Recently, virtual microscopy has eliminated the need for
expensive slide sets and microscopes while simultaneously
increasing the accessibility and efficiency of pathology educa-
tion for students.®’ Longitudinal surveys have shown an
increase in use of virtual microscopy, from 14% of students
in 2002 to 44% in 2009." This shift has been well received by
students who prefer virtual microscopy over conventional
microscopy for its efficiency and independence.®® A concur-
rent expansion in the available number of online images has
created the opportunity for further innovations.'”

We developed an educational software program called
Novel Diagnostic Educational Resource (NDER) that takes
advantage of a large database of images. The NDER uses
still images extracted from annotated whole slide images
(WSIs) and engages users with an adaptive learning algo-
rithm to improve trainees’ “fast thinking” skills. We
hypothesized that NDER would increase diagnostic accu-
racy, confidence, and interest in normal histology among a
cohort of second-year medical students at the University of
Washington School of Medicine.

Materials and Methods
Module Development

WSIs of a wide variety of tissues chosen from the University of
Washington Pathology database were annotated with regions of
interest (ROIs) exemplifying normal histology. Although many
of the WSIs featured pathologic processes, care was taken to
select ROI that avoided areas featuring disease and instead only
showed normal histology. The ROIs were validated by an expe-
rienced pathologist. Still images measuring 2000 x 2000 pixels
(240 images) were extracted, transferred to a database, and
used by NDER. The Normal Histology NDER module included
a 20-question pretest, a 200-question training module, a
20-question posttest, and a survey. The pretest and posttest
consisted of 20 images with 5 multiple-choice options. The
user was given unlimited time to select tissue of origin for each
image. The sequence of images was randomized to prevent
recall bias from pretest to posttest. During the module, each
question consisted of an image that is displayed briefly before
the user is forced to identify the tissue type among 5 answer
choices. The format is akin to a digital flash card followed by
a 5-part multiple-choice question. Immediate feedback is
given. The NDER module was adaptive such that the time an
image was displayed changed based on user accuracy. Initially,

Table I. Overall and Organ-Specific Pretest and Posttest Scores.*

Organ Pretest (%) Posttest (%)
Prostate 76.0 56.6
Seminal vesicle 31.0 83.7
Eccrine sweat gland 82.2 91.5
Adrenal 225 93.8
Skeletal muscle 100.0 96.9
Fallopian tube 73.6 97.7
Breast 535 99.2
Bone marrow 63.6 99.2
Ovary 45.7 100.0
Lymphatic vessel 70.5 100.0
Sebaceous gland 76.7 100.0
Adipose 79.1 100.0
Smooth muscle 87.6 100.0
Cancellous bone 88.4 100.0
Compact bone 89.1 100.0
Kidney 89.9 100.0
Artery 953 100.0
Vein 93.0 100.0
Lung 99.2 100.0
Overall 72.6 95.3

*Student pretest diagnostic accuracy as compared to posttest diagnostic accu-
racy by tissue type and overall performance. This reveals increased diagnostic
accuracy in every tissue type except prostate and an increase in overall diag-
nostic accuracy from 72.6% to 95.3%.

the images were displayed for 4 seconds. As cumulative
accuracy changed, image time adjusted with a lower limit of
1.5 seconds and an upper limit of 10 seconds. The pretest
and posttest were comprised of unique images that were not
used in the module. The module included 200 questions and
lasted approximately 20 minutes. The total time to comple-
tion, including the pretest and posttest, was approximately
30 minutes. A results interface displaying all 240 images
was shown after completion of the posttest. See our previous
description for further technical details."'

Participants

Second-year medical students at the University of Washington
School of Medicine voluntarily took the Normal Histology
NDER module during dedicated classroom time using their
personal computing devices. The second-year medical students
completed a normal histology course during their first year of
medical school. Pretest, posttest, and survey results were dei-
dentified for analysis. The study was determined to be exempt
by institutional review board of the University of Washington.

Statistical Analysis

Pretest and posttest scores were analyzed using a paired ¢ test.
Cohen d was used to estimate the effect size. Pretest and
posttest survey results were compared using a x> test. A sig-
nificance value of P < .05 was used for all statistical tests.
Analyses were performed using the statistical software pro-
gram R version 3.2.2.
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NDER  Welcome ~  Begin  Test = Results  Module: Melanocytic ~

Image

Results for Normal Histology (Participant 06138bc5af6023646edeDe1f7c1eac?s)

nreder@uw._edu Admin ~
Responses
Phase # # Correct Response Given
1 1 ovary smooth-muscle
1 2 Kidney Prostate
1 3 seminal-vesicle seminal-vesicle
1 4 sebaceous-glands Adrenal
1 5 skeletal-muscle skeletal-muscle
1 6 Lung Lung
1 7 Adipose Adipose
: ! 8 lymphatic-vessel lymphatic-vessel
1 9 compact-bone compact-bone
1 10 cancellous-bone cancellous-bone
1 11 eccrine-sweat-gland gallbladder
! 12 Breast Oovary
- | 13 fallopian-tube smooth-muscle
i 14 Adrenal Adrenal
1 15 smooth-muscle smooth-muscle
1 16 Vein Breast
: b 17 Prostate Kidney
1 18 gallbladder eccrine-sweat-gland
1 19 bone-marrow Adipose
1 20 Artery Artery
2 1 Lung Lung
2 2 Lung Lung
2 3 lymphatic-vessel smooth-muscle
2 4 bone-marrow seminal-vesicle
2 5 smooth-muscle smooth-muscle
2 6 bone-marrow bone-marrow
2 7 Adipose Adipose
- 8 eccrine-sweat-gland seminal-vesicle

Figure |. Results interface. A screenshot of the Novel Diagnostic Educational Resource (NDER) results interface. Thumbnail images of every
question in the pretest, module, and posttest are displayed along with the response given by the student and the correct answer. The student
can expand the thumbnail image of each question for further study of the relevant histologic features.

Results

The NDER module lasted approximately 30 minutes. The mod-
ule was completed by 129 of the 195 students in attendance
(66% retention rate). Diagnostic accuracy increased from
72.6% pretest to 95.7% posttest (P < .0001). The effect size

(Cohen d = 2.30) was very large, where 0.2 is a small effect,
0.5 moderate, and 0.8 large. A comparison of pretest to posttest
accuracy is shown in Table 1. Students attained 100% accuracy
on the majority of organs and greater than 95% accuracy on 14
of 19 organs in the posttest. Prostate was the only organ where
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Confidence in Normal Histology Would You Recommend NDER?
70% - 100% - 96%
60% 58%
o | 4% 7% 80% 1
| 60% |
40% 32% Pre-test
30% m Post-test 40%
20% |
9% 20% |
10% | 2% 4% o5 . 2%
05 — — —— —— — 0%
Not Somewhat Very Extremely Yes No
How Useful is NDER for Learning Would You Use NDER to Further Your
Histology? Knowledge?
60% 100% 98%
o 48%
80% -
40% 34%
60% -
30%
0% | 19% 40%
10% 20% -
2% 2%
0% 0%
Not Moderately Very Extremely Yes No

Figure 2. Survey results. Students found that Novel Diagnostic Educational Resource (NDER) was useful for learning normal histology and
increased their diagnostic confidence. The majority of students would recommend NDER and would use NDER again.

student performance significantly decreased from pretest to
posttest (skeletal muscle also showed a decline, but the differ-
ence did not reach statistical significance). A display of the
results interface seen by the student after completion of the
module is shown in Figure 1. Analysis of the images and dis-
cussion with the students revealed that the prostate image on
the pretest contained corpora amylacea, while the image on the
posttest did not have any luminal concretions, providing a pos-
sible explanation for the decrease in accuracy.

Surveys (Figure 2) showed a significant increase in confi-
dence from premodule (0% extremely confident, 4% very, 47%
somewhat, and 49% not) to postmodule (9% extremely confi-
dent, 57% very, 32% somewhat, and 2% not, P < .0001). The
overwhelming majority (80%) of students found NDER to be
useful for learning histology. Ninety-six percent of students
would recommend NDER to other medical students, and 98%
would use NDER to further enhance their histology knowledge.
Anecdotal qualitative feedback was positive with many stu-
dents reporting that the NDER module motivated them to
explore additional histology resources.

Discussion

We have demonstrated that our normal histology software
module significantly increased diagnostic accuracy among a
cohort of second-year medical students. Survey results showed
increased confidence and a willingness to use NDER for further
study of histology, which we used as surrogate methods to
assess interest. Anecdotal qualitative feedback indicated that

many students were motivated to explore additional histology
resources after completing the NDER module. Given that par-
ticipation in NDER was entirely voluntary and without incen-
tive, the survey results are felt to be reflective of true sentiment
and unbiased. The module lasts approximately 30 minutes and
can be completed anywhere on any device with an Internet
connection and a Google account (https://pcs-webtest0.patholo
gy.washington.edu/academics/pattern/).

Methods for teaching normal histology in medical school
have remained relatively consistent over the past century, with
the major change being a shift from conventional microscopy
to virtual microscopy."’ Virtual microscopy is well received by
students®® and integrates well into medical school curri-
cula.'®'® Yet, given the dwindling time and resources dedi-
cated to normal histology, additional advances are needed for
students to learn the same amount of material, if not more, in
less time. Medical education, including normal histology,
focuses almost exclusively on the analytic processes, a delib-
erate rule-based method of solving a problem or arriving at a
diagnosis.'* For instance, students learning normal histology
may be given an example photomicrograph of an ovary with an
explanation of key features that lead to identification of the
organ. This style of learning is excellent for conceptual topics
but inefficient for topics involving pattern recognition. In fact,
pattern recognition by experts often occurs in the preattentive
stage, arriving at an answer in less than 200 milliseconds.' Ark
et al demonstrated that a combined approach of rule-based and
pattern recognition improved electrocardiogram diagnostic
accuracy compared to either method on its own.'* In this study,
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we have shown a method for increasing medical student pattern
recognition, which can be combined with traditional methods
to increase the efficiency of normal histology instruction.
Inclusion of tissue physiology in future teaching modules may
also be a valuable addition to the learning module, as this will
elevate the learning process from pattern recognition to
“system 2” thinking, involving reasoning.'® Addition of “slow”
or methodical learning through future online physiology and
pathology tutorials may have a synergistic effect on learning.

Limitations of the study include a single time point compar-
ison, a study population of second-year medical students who
had previously completed a normal histology course in their
first year. We will have the opportunity to test NDER on naive
medical students in the coming school year. Reliance on still
images rather than dynamic WSIs leaves open the question of
whether the medical students could have identified the salient
features of the tissues on their own.!” However, the NDER
module uses still images in an engaging active format, and the
adaptive, time-limited, game-like environment of NDER is the
source of its utility and novelty. A comparison of NDER versus
passive learning using still images, versus learning using WSIs,
may be an appropriate topic for a future study. Finally, our brief
NDER module demonstrated a large short-term effect, but the
duration of the effect cannot be ascertained from our study
design. Further studies should be performed to quantify test—
retest retention, the duration of knowledge retention, the effect
of the module on normal histology-naive students, and trans-
lation of the results to WSI.

In conclusion, we have described a normal histology module
that drastically increases diagnostic accuracy during an enga-
ging 30-minute session. Additional study is needed to deter-
mine knowledge retention, but NDER has great potential for
efficient teaching of histology given the curriculum time con-
straints in modern-day medical student education.
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