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Goldberg HR, Dintzis R. The positive impact of team-based virtual
microscopy on student learning in physiology and histology. Adv Physiol
Educ 31: 261-265, 2007; doi: 10.1152/advan.00125.2006.—Team-based
virtual microscopy and on-line learning were used to transform the
first-year Physiology/Histology course at The Johns Hopkins School
of Medicine into a student-centered learning environment. Prior to
each laboratory session, students were required to view prelaboratory
virtual lectures and examine digital slides that had been enhanced with
annotations and 2-min microlectures. The laboratory classroom was
then used for team-based learning exercises including student presen-
tations and small-group discussions designed to integrate histology
and physiology. The results of quantitative assessments indicated an
8- to 14-point increase over the identical final exams given over the
past 5 yr. Means (£SD) of percent correct answers on the final exam
were found to be 75.2% (11.1%), 72.5% (12.6%), 70.5% (12.6%),
73.6% (11.3%), 73.1% (12.2%), and 84.1% (9.1%) for years 2001—
2006, respectively. The mean test scores for all other years were
statistically lower compared with 2006, as determined by the Bonfer-
roni post hoc multiple-comparison test (P < 0.001 for all years).

educational technology; active learning

THE USE OF TECHNOLOGY in medical education has focused on
patient simulation, complex data visualization, and student
assessment (4, 7, 10, 13, 15). In this study, the use of technol-
ogy was extended into the first-year Organ Systems Histology
course at Johns Hopkins to redefine the faculty member’s role
from provider of core content to facilitator of discussion. The
primary motivators for changing the course’s educational for-
mat included:

1) providing students with a core content resource that tran-
scends the classroom.

2) encouraging students to actively explore and manipulate
content (3).

3) exposing students to educational technology and increasing
student comfort level with the use of technology as an
analytic tool.

4) improving the quality of faculty-student interactions and
supporting a paradigm shift from teaching to learning (9).

5) enabling students to review course content at any time.

6) standardizing content delivery and “immortalizing” a non-
replaceable glass slide collection.

The educational format used in the Organ Systems Histology
course generated widespread support from faculty members
and students. The grade point average on the four midcourse

histology exams increased by 5—14 percentage points and on
the final exam by 8-13 percentage points compared with
scores on the identical exams given each year for the prior 5 yr.
The SD on all of the 2006 exams was lower than it had been
on any of the previous 5 yr’s exams. Exams were not returned
to students during any of the 5 yr of this study; therefore,
positive results cannot be attributed to prior knowledge of
content.

METHODS

The first-year Histology course is an 8-wk-long program serving
the academic needs of 120 medical students. Organ Systems is divided
into two sections: physiology and histology. These tracks are linked
on an organ-by-organ basis. Historically, the only connection between
histology and physiology has been that they were offered at the same
time of year. In prior iterations of the Histology course, students were
divided into four equal-sized laboratory groups. The laboratory would
start with a 30- to 45-min introductory lecture. Students were then
instructed to view their slide collection with the aid of a laboratory
manual; a teaching assistant (TA) or the faculty member would
answer questions and provide oversight during this exercise. End of
course student evaluations indicated that this method of instruction
had several weaknesses: /) students had difficulty understanding the
importance of histology; 2) student-student and student-faculty inter-
actions and discussions were limited; and 3) student enthusiasm for
the course was low.

The 2006 version of the Organ Systems Histology course was
redesigned to address these challenges. Prelaboratory instruction, an
introduction to histopathology, and student presentations became
central components of the new course. The number of the following
laboratories was unchanged from years past: Renal, Respiratory, Skin,
Muscle/Cardiovascular/Vessels, Gastrointestinal (GI)_1, GI_2, Liver,
Endocrine, Female Reproductive, Male Reproductive, and Placenta
(other organ systems were covered in different courses).

Prelaboratory instruction was divided into three sections: a 30- to
40-min web-based overview lecture, a series of slide-specific 2-min
microlectures (also web based), and a set of virtual slides that were
each enhanced with 4-15 annotations. There were 6-10 slides/
laboratory, and these slides were delivered using the software program
Neuroinformatica from MBF Bioscience (8). MBF Bioscience also
digitized the slide collection used in this course. Students were
expected to view prelaboratory lectures and slides at home or using
the school’s computing resources before each laboratory section of the
course.

There were three methods used to record lectures:

1) Studio recording of the lecture followed by professional illustra-
tion of the content. This was the most expensive solution and had
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the highest level of visual content; it was the only solution that
included a video of the lecturer.

2) Annotating a PowerPoint presentation using a screen capture
program (Camtasia) (12), a graphics tablet (Wacom Cintiq 15x)
(17), and the audio recording of the laboratory lecture given the
previous academic year. This was the least expensive of the three
solutions.

3) The software application Breeze (Adobe/Macromedia) (1) was
used to create a PowerPoint slide presentation that was enhanced
with voice and annotated overlays. This approach was intermediate
to the other two approaches in terms of both time and cost.

The professionally illustrated lectures and the annotated Power-
Point lectures were delivered using a QuickTime Streaming Server or,
alternatively, a Real Server. The Breeze content was delivered using
a Flash server.

Each in-class laboratory section had three components: /) a series
of three 7- to 10-min student team presentations that focused on the
link between histology, physiology, and pathology; 2) a question and
answer period; and 3) a team-based online quiz. Student teams were
formed by dividing the 120 medical students into 4 groups; the 4
groups were further divided into 10 three-person teams. A faculty
member and two TAs were assigned to each group. To ensure ample
time for preparation, topics for student presentations were assigned at
the beginning of the course. Representative samples of student pre-
sentations included the following:

1) Skin section. In psoriasis, increased epidermal cell turnover results
in marked epidermal thickening, with elongated, narrow rete pegs
or ridges. Solve “mystery” slides A and B as they appear in the
virtual microscope.

A. (Histology.) Which slide illustrates pemphigus, and which slide
illustrates psoriasis?

B. (Histology.) What histological characteristics helped you make
the diagnosis?

C. (Physiology.) Give a brief description of patient symptoms in
each disease.

2) Female reproduction section. (Physiology.) Discuss the relation-
ship between stages of ovarian follicle maturation, phases of
uterine endometrium, and cervical gland secretion.

3) Liver section. (Histology.) Compare low-power microscopic views
of the liver and pancreas. What histological features of the liver
differentiate it from the pancreas?

Prior to a team presentation, student team members met with their
laboratory director and TAs. Time was used by students to rehearse
presentations and by faculty members to address potential miscon-
ceptions. The role of the TAs was similar to that of the faculty
member: to provide student guidance during the rehearsal presenta-
tions, potentially ask questions during the formal presentations, an-
swer questions during the slide review component of the laboratory,
and proctor the exams. This increase in contact time over previous
years between faculty members and students was one of the highlights
of the course.

Quantitative assessment of students was based on labora-
tory quizzes, four midterm exams, and a final exam. Laboratory quizzes
consisted of 10 questions based on the prelaboratory lecture, slide
annotations, microlectures, and student presentations (questions based
on student presentations were formulated during the rehearsal period).
Quizzes were delivered through Blackboard, the school’s course
management system. The four mid-term examinations required each
individual student to identify histological sections that were presented
via a LCD projector in the lecture hall. Questions on these exams were
the same as for the past 5 yr; however, due to changes in the course
schedule, the grouping of questions was not necessarily the same from
year to year. The final exam was the identical exam used in prior years
of this study with the exception that students used virtual microscopy
rather than light microscopy to view the images. The format of the

final exam was slide identification: students had 2 min to identify each
of the 30 images, and they were not permitted to return to previous
slides. The final exam and four midterm exams were not returned to
students from year to year, so results of this study do not reflect prior
knowledge of content. An overview of the course’s format is shown
in Fig. 1.

Statistical differences between mean scores by year were deter-
mined using one-way ANOVA followed by the Bonferroni post
hoc multiple-comparison test. ANOVA tested the null hypothesis
that all yearly means were equal, whereas the Bonferroni test
allowed for multiple comparisons between yearly means while
adjusting the overall a at 0.05. All statistical analyses were
performed using STATA version 9.0 (11).

Steps to implementing virtual microscopy. Virtual microscopy can
be implemented at the following three levels of sophistication (5).
LEVEL l: DIGITIZED IMAGES FROM A LIGHT MICROSCOPE. This ap-
proach is simple to deploy and inexpensive to implement but is
limited in terms of functionality (e.g., students are unable to alter
magnification without loss in picture quality). Text or graphical
overlays can be added to the images using a variety of image editing
tools including Photoshop. The equipment necessary to reach this
level of delivery is straightforward: a digital camera attached to a
microscope. Files can be saved and added to the course website for
viewing.

LEVEL 2: REMOTE CONTROL OF A LIGHT MICROSCOPE. When fitted
with an electronic stage and focusing controls, a user is able to control
the microscope from an offsite location. The benefits of such an
approach include being able to view the actual slide and having full
control of the microscope (focus, aperture, condenser, objectives,
etc.). This approach, however, is not acceptable for most teaching
activities: the slides cannot be changed by the user, and the bandwidth
for sending each field of view is considerable and can be hampered by
transmission delays. Furthermore, only one user can control the
microscope.

LEVEL 3: SLIDE SCANNING AND VIRTUAL MICROSCOPY SOFTWARE.
The third level of organization is the most versatile and yet the most
expensive solution for using virtual microscopy in the classroom. The
slides are digitized using a slide scanner, and the files, often in the
gigabyte range, are stored on a high-capacity server. To avoid the high
purchase cost of a scanner ($80—100,000), slides can be scanned by a
variety of firms: MBF Bioscience (http://www.mbfbioscience.com)
was used to scan the collection used in this study. The per slide cost
is dependant on the area of the slide to be scanned, but $150 per slide
is a reasonable estimate. The large size of the digitized images and the
need for near-instant delivery of content across the internet requires
that the scanned image be converted into a collection of “tiles;” this is
a function of the scanning software. The virtual microscopy software
produces dramatic performance gains by stitching together only those
tiles in the field of view. Software for virtual microscopy can be
acquired from a variety of firms, with Aperio (www.aperio.com)
being a top contender.

RESULTS

The effectiveness of course design on knowledge gains and
satisfaction levels was assessed two ways: /) statistical assess-
ment of differences in mean test scores by year and 2) a brief
descriptive summary of survey responses.

Quantitative Assessment

Average test scores (£SD) on the midcourse exams (2002
GI/Liver, 2005 Renal/Respiratory, and 2005 Skin/Cardio-
vascular/Vessels) are shown in Fig. 2 (2001: n = 126, 2002:
n=119,2003: n = 120, 2004: n = 120, 2005: n = 120, and
2006: n = 121). Exams that did not use the same grouping
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Rehearsal (3x15 minutes)

Three groups rehearse for
faculty group leader

View Lab Lecture

View all slides, annotations,
and microlectures

Prepare for class presentation
(if so assigned)

Lab (1 hour)
Student Presentations (10%)
Discussion
Q&A (lecture, slides, pres)
Review Slides
Physiology

Course
Evaluations

Quiz (team based) (20 minutes)
(10%)

Lab lecture (general questions)
Annotations

Microlectures

Student Presentations

Exams

1 Final (20%)

?

Exams Fig. 1. Overall format used in the Organ Systems
o Histology course. The percent contribution of each
indvcual section to the student’s final grade is shown.
(60%)
A

of content used on the 2006 exams are not displayed. The
average score for each 2006 midcourse exam was 5-14
points higher than for any other exam, and the SDs are lower
in 2006 than for any previous year. Differences in test scores
for all previous years versus 2006 were statistically assessed
by the Bonferroni test for multiple comparisons following
one-way ANOVA. For the GI/Liver midterm, this analysis
revealed statistically lower mean results for years 2001,
2002, and 2003 compared with year 2006 (P < 0.001 for all
years). No statistical differences were found between the
mean score for 2004 versus 2006 for the GI/Liver midterm
exam. Mean scores on the Renal midterm for both 2004 and
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Fig. 2. Mean (*SD) percent correct answers on the midterm exams for
Gastrointestinal (GI)/Liver, Renal, and Vessels sections. *Years with mean test
scores statistically below that for year 2006. Years in which the midcourse
exam content was presented in a sequence that was not the same sequence as
that of 2006 are not included.

2005 were statistically lower than that for 2006 (P < 0.001
for both years). In contrast, the mean score for 2005 was
statistically lower than the mean for 2006 on the Vessels
midterm (P < 0.001), whereas no statistical differences
were found between mean midterm scores for 2004 com-
pared with 2006 on this module (GI/Liver: F = 30.79,
corresponding P value of <0.001; Renal: F = 15.76, cor-
responding P value of < 0.001; Vessels: F = 15.45, corre-
sponding P value of <0.001).

Figure 3 displays average test scores for the final exams
for years 2001-2006. The average score for the 2006 exams
was 8—14 points higher than for any prior exam, a result that
is statistically greater than the mean for all other years (P <
0.001 for all years). For all years considered, the highest
mean score for the final exam was seen in 2006, a result that
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Fig. 3. Average (*=SD) percent correct answers for the final exam for years
2001-2006. *Years with mean test scores statistically below that for year 2006.
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is statistically higher than the mean final exam scores for all
years between 2001 and 2005 (overall F = 14.44, P < 0.001
for all years versus 2006 via the Bonferroni multiple-
comparison test).

Descriptive Assessment of Survey Results

One hundred sixteen of the 120 medical students completed
a course evaluation. The evaluation questions and the student
responses included the following:

1. Did you feel there was adequate teaching/contact time with
the faculty?

Yes (91%).

2. How well did you learn the material when:

A. You presented the material.

Extremely well or very well (84%).
Adequately (11%).

Poorly (3%).

No response (2%).

B. Another team made the laboratory presentation.
Extremely well or very well (47%).
Adequately (41%).

Poorly (9%).
No response (3%).
3. Rank the overall effectiveness of the course.

Outstanding (45%).

Very good (43%).

Adequate (8%).

Poor (2%).

4. Provide general comments on the strengths and weaknesses
of the course (representative sample).

e This course was excellent. It should be an example of how
to incorporate technology into improving our education.

e Overall, I loved histology. A refreshing shift from the
type of thinking that we do in lecture, and I found the various
teaching methods to be great. I would make it easier for
students to post their group presentations because some of
them were phenomenal teaching aids. Overall, I thought the
teaching was great.

e | know it can only get better with time, but I was
frustrated that all the slides on-line were “textbook slides” that
had very good examples of everything. This would not be the
case if we were using real microscopes, as it was not the case
for the final exam.

o [t really was wonderful, much better than looking through
the microscopes. Everyone gets the same idea of what a certain
type of cell is rather than the professor coming around to each
microscope to confirm on slides that are not as well preserved.
Much more efficient, as well.

possible through the use of virtual microscopy) and that they
are less intimidated by the histopathology exercises.

The following comment was from the Director of the first-
year Histology course (an author of this article):

One of the most striking changes in the teaching of Histol-
ogy using the techniques employed in this study has been the
marked increase in class attendance. Where we had previously
lectured in a lecture hall with a depressing 50% of the class in
attendance, as well as microscopy labs just half full, we now
had almost 100% attendance in our virtual microscopy lab
sessions. Previously, an appreciable number of students felt
they could get all the lecture material they needed by watching
lectures, which were available on-line. Also available to stu-
dents was an annotated computer database of all microscope
slides that had been scanned and saved as static images. It had
been assumed that the availability of these substantial study
aids was the reason for the poor attendance in lecture and
microscope labs.

However, even with these comprehensive learning aids still
readily available, our new format of instruction resulted in lab
attendance that approached 100% of the class. We believe key
reasons for this change were:

I. Team assignments and presentations. These activities
encouraged active participation by presenters and audience.
The presentations were for the most part lively and enthusi-
astically delivered, often with considerable humor. The presen-
tations allowed students to assess their understanding of key
topics and to integrate physiology and histology.

2. Short, graded on-line lab quizzes taken by lab teams. The
quizzes were not meant to be overly difficult. Students received
immediate feedback, receiving their scores at the end of the
quiz. A successful quiz grade indicated that objectives of the
e-lecture and lab had been met.

3. Concise lab “reviews” or “overviews” delivered by TAs
or faculty. These reviews included presentation of pathologies
relating to and compared with the ‘normal’ histology covered
in the lab section, as well as a chance for the students to ask
follow-up questions concerning clinical applications.

Faculty reaction to student enthusiasm and activity was
considerable. Seeing a room full of bright and interested faces
proved to be extremely gratifying! This should help consider-
ably in recruiting future teaching faculty.

The final Histology exam involved student identification of
a series of 30 unknown slides. This allowed faculty a previ-
ously inaccessible view of the methods students use when they
approach and examine unlabeled material. When students are
bent over a microscope, there is no way of knowing how they
are investigating each slide. However, with virtual microscopy,
each student’s computer screen is in clear view; watching this
investigative process provided faculty with a clearer under-
standing of how students analyze and review slides.

DISCUSSION

Faculty Comments

The following comment was from the Director of the sec-

ond-year histopathology program:

Students have a significant experience with microscopic
histopathology as part of their pathology training in Year 2.
Several informal discussions with pathology faculty have re-
vealed that they feel that students have come to the initial
pathology laboratories better prepared than they were in the
past (before the introduction of team-based learning made

This study assessed the educational effectiveness of team-
based learning, asynchronous content distribution, and virtual
microscopy (2, 6, 14, 16) in the first-year Histology course at
The Johns Hopkins School of Medicine. Many components of
this study led to improved test scores: virtual slides, team-
based learning environments, increased faculty/student contact
time, standardization of content, and increased student partic-
ipation in class and at home. Virtual microscopy was the
learning component that made the other phases of the course
possible. It was not the purpose of this article to examine which
of these changes had the greatest impact on improving student
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test scores, but rather to show that integrating all of these
changes led to better retention of knowledge as measured by
exam scores. Demonstrating which facets of overall instruction
led to these improvements would involve the development of a
controlled scientific test whereby one component of the cur-
riculum is changed while all other components are held con-
stant, a resulting experiment that is neither practical nor ethical
given the demands of medical school education.

The benefits and weaknesses of using virtual microscopy in
teaching histology included the following.

Benefits

1. Student discussions permit faculty members to focus on
links between histology, physiology, and pathology.

2. Digital slides permit content to be standardized. The
problem of maintaining a satisfactory collection of glass slides
due to breakage of irreplaceable content or to sections that have
become suboptimal over time is eliminated.

3. Slides are easily annotated to help students establish a
deeper understanding of the material.

4. Students are able to scroll, magnify, and take snapshots of
images for their notes or class presentations.

5. Students are able to view and review slides at any time.
Records show that virtual microscopy was used most heavily
between the hours of 4 PM to 1 AM, and times of 4 AM were
recorded on several occasions.

6. Students are exposed to technology and, perhaps, to the
principle method of content distribution in future clinical
settings.

Weaknesses

1. The startup costs for virtual microscopy can be consider-
able: computer workstations as well as a server must be
available, and slides must be digitized. This expense is some-
what mitigated by the costs associated with microscope main-
tenance.

2. There is no feature in the Neuroinformatica application
that allows students to focus the virtual microscope. This
impacts the teaching of histology in two ways: all scans must
be of thin sections (due to a limited depth of field of scanned
imagery) and students must be afforded the opportunity to
learn techniques of traditional microscopy in other ways. We
intend to provide this exposure to light microscopy in future
versions of the course by maintaining an island of conventional
microscopes in each laboratory and requiring that students
complete a glass slide assignment during the course.

Conclusions

In summary, students ranked this year’s Organ Systems
Histology course as one of the top courses taken during the

first-year program, a far superior ranking than in previous
years. Many students have explicitly urged the faculty to apply
the same active teaching techniques used in the Histology
course to the other courses offered throughout the year. The
use of virtual microscopy and team-based learning as described
in this report has permitted the faculty to make major strides in
the delivery of course content and to better integrate histology
and physiology.
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