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Medical education in the United States and Canada continues to evolve. However, many of the changes
in pedagogy are being made without appropriate evaluation. Here, we attempt to evaluate the effective-
ness of lecture capture technology as a learning tool in Podiatric medical education. In this pilot project,
student performance in an inaugural lecture capture-supported biochemistry course was compared to
that in the previous academic year. To examine the impact of online lecture podcasts on student per-
formance a within-subjects design was implemented, a two way ANCOVA with repeated measures. The
use of lecture capture-supported pedagogy resulted in significantly higher student test scores, than
achieved historically using traditional pedagogy. The overall course performance using this lecture cap-
ture-supported pedagogy was almost 6% higher than in the previous year. Non-native English language
speakers benefitted more significantly from the lecture capture-supported pedagogy than native English
language speakers, since their performance improved by 10.0 points. Given that underrepresented mi-
nority (URM) students, whose native language is not English, makes up a growing proportion of medical
school matriculates, these observations support the use of lecture capture technology in other courses.
Furthermore, this technology may also be used as part of an academic enrichment plan to improve
performance on the American Podiatric Medical Licensing Examination, reduce the attrition of URM
students and potentially address the predicted minority physician shortage in 2020.
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dents.

Medical education around the United States and Can-
ada continues to evolve as it struggles to meet the pro-
jected physician shortage in 2020 [1]. This projected phy-
sician shortage may become a reality, even though,
according to a recent publication from the Association of
American Medical Colleges [2], over the last three deca-
des there has been an increase in the number of under-
represented minority (URM) students attending medical
school, and URMs make up a growing proportion of
medical school matriculates. The Council on Graduate
Medical Education [3] defines URMs as racial and ethnic
populations who are represented in lower proportions in
the health professions relative to their percentage in the
US population as a whole. This definition includes African
Americans, American Indian or Alaska Natives, Native
Hawaiians or other Pacific Islanders, Hispanic or Latino.
If URM students are to contribute significantly to
addressing this projected physician shortage, additional
strategies are needed after their matriculation to aid their
retention in medical training [4, 5], since URMs are at
increased risk of attrition [6]. Pedagogic changes that
enhance the performance of URM students, particularly,

those whose native language is not English should be
encouraged. Only in this way, will the need for more mi-
nority physicians, and a more diversified and culturally
sensitive physician workforce be satisfied. Although
defining native speakers of English is complex, for the
purpose of this study, a person was considered to be a
native speaker of English, if English was the language
acquired and learned in early childhood, and was the pri-
mary language spoken in the family; though there are
exceptions [7].

We have previously [8] reviewed the many recent tech-
nological innovations in medical education implemented
as a result of the report by the Association of American
Medical Colleges ‘‘Educating Doctors to Provide High
Quality Medical Care [9].’’ At the time, we cautioned
about the indiscriminate use of technology ‘‘because it’s
there’’ or ‘‘because everyone else is using it.’’ We also
advocated for the appropriate use of technology only
when it has been evaluated and tested and represented
an improvement over current practices. The present
study represents a step toward that needed evaluation,
and its timing seems appropriate a century after the
submission of the Flexner report to the Carnegie Founda-
tion [10].

A recent Wainhouse Research White Paper reports
that the latest technological innovation sweeping through
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medical schools is Lecture Capture [11]; defined as any
technology that allows the professor to record lecture
material and make it available digitally to the student.
Although the use of lecture capture technology at medi-
cal schools across the United States is becoming
increasingly ubiquitous [12–14], there remains a paucity
of quantitative information on the use of lecture capture
technology by medical students and particularly on the
impact of this technology on URM student learning.

In this pilot project, 60 first-year students of Podiatric
Medicine were asynchronously allowed to access pod-
casts of lectures captured using the Articulate Presenter
software through a password-protected Blackboard
learning environment. In this context, podcasts are
defined as enhanced online audio presentations where
lecture slides are accompanied by faculty narration.
These podcasts were not meant to contain additional
material, but rather represent the lecture in an alternate
format to satisfy the needs of a diverse student body.
Although this format is more commonly used in a dis-
tance education paradigm, in this study it was used to
complement the traditional campus-based face-to-face
instruction of a biochemistry course in the Podiatric Med-
icine curriculum at Barry University, a federally desig-
nated minority serving institution with a Carnegie classifi-
cation of Doctoral/Research University. The Articulate
Presenter software has a searchable feature that allows
students to study more efficiently by searching each
online lecture for a ‘‘key term.’’ This feature reveals only
those lecture slides (and associated audio) on which that
‘‘key term’’ appears. Furthermore, students may ‘‘pause’’
or ‘‘speed-up’’ the lecture podcast depending on their
specific needs. The student therefore assumes control of
content delivery. Each lecture podcast was recorded by
the instructor before the actual class time and was avail-
able online immediately after class. Supplemental course
materials were also available to students and included a
course note package that was essentially a script of the
audio narration. In this way, the online course content
could be delivered effectively to the students that were
hearing-impaired, and those students whose native lan-
guage was not English. Thus, the biochemistry course
described here is a blended or hybrid course, delivered
using a pedagogically sound combination of online and
face–face lectures, along with supplemental learning
resources and online quizzes that offers the student max-
imum flexibility.

The aim of this study was to appropriately evaluate the
impact of this lecture capture technology on student per-
formance in an authentic learning environment and inves-
tigate the extent to which its impact differs for those stu-
dents who are non-native English speakers.

METHODS

Study Design and Analysis

All students enrolled in the first year of the Podiatric Medicine
program are registered to take the biochemistry course in their
first semester; thus control and intervention groups were
‘‘recruited’’ in exactly the same way. IRB approval was received
to use archival data, so students never gave explicit consent to
participate in this study and consequently no students declined

participation. Online lecture podcasts were made available to all
registered students through a secure server for the first time in
Fall 2009. Students were able to view each lecture podcast an
unlimited number of times, though they could not download or
save them to portable devices.

Student performance in this inaugural lecture capture-sup-
ported course was compared to that in the previous academic
year (2008). The biochemistry course taught in both 2008 and
2009 were identical in terms of faculty, assessment strategy
and all course materials (including the course text that served
as a lecture transcript in the 2009 iteration), other than the avail-
ability of lecture podcasts made available through the Black-
board learning environment in the 2009 course iteration. Both
courses were evaluated using three-unit tests and a non-
cumulative final examination taken in finals week (50 points on
each examination). The examinations for both cohorts were
identical, and the examinations were not returned to the
students following administration in an effort to maintain the in-
tegrity of the examinations. To examine the impact of these
online lecture podcasts on student performance a within-
subjects design was implemented, a two-way ANCOVA with
repeated measures.

Individual differences are usually part of the error term,
increasing the error term and decreasing the power of hypothe-
sis tests. ANCOVA with repeated measures controls for some of
the individual variation. This is often called using subjects as
their own controls. Note that since students were not randomly
assigned to pedagogy, the groups are not comparable in terms
of confounding variables such as educational background and
motivation; consequently, a covariate (MCAT biology score) was
used to statistically estimate student performance ‘‘as if’’ every
student had an identical biology MCAT score. Thus, the use of a
covariate simulates a true experimental design in which all par-
ticipants have identical educational background and motivation.

RESULTS

Demographics

There were no statistically significant differences
between the students in the control (N ¼ 53) and inter-
vention (N ¼ 60) groups in terms of average age, ethnic-
ity, or gender (Table I). The average age was 25.4 6 4.5
years. Sixty two percent were men and 35% were ethnic
minorities. Furthermore, there was no statistically signifi-
cant difference in the ethnicity distribution (Table I)
between the groups.

Assessment of the Reliability and Validity of the
Course Examinations

Reliability is a measure of the extent to which a test
produces consistent results, whereas validity is a mea-
sure of the extent to which a test actually measures the
knowledge of the subject matter. Reliability is a neces-
sary, but not sufficient, condition for validity. Based on
Cronbach’s alpha (a ¼ 0.86), the reliability of the four
examinations was satisfactory. Criterion-related validity
refers to the degree to which the examination scores are
correlated with the scores on a second measure (the cri-
terion) that has already been established as a valid mea-
sure of the construct. Criterion-related validity was estab-
lished by correlating the scores on the examinations with
biology MCAT scores, see Table II. All test scores are
correlated with the MCAT biology score and with each
other, p < 0.001.
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The Effect of Pedagogy and Native Language on
Student Achievement

A two-way analysis of covariance with repeated meas-
ures was conducted to evaluate the effect of the lecture
capture-supported pedagogy on student achievement,
after controlling for prior knowledge and native language.
The dependent variable was the score on the four in-
structor-designed examinations. The within-subjects fac-
tors were pedagogy with two levels (traditional and lec-
ture capture-supported), native language with two levels
(English native language and other native language), and
time of testing with four levels (3, 6, 10, and final week
[week 15]). The potential confounding variables, native
language, and prior knowledge, were statistically con-
trolled by using native language as a factor and using
the MCAT biology score as a covariate. The interaction
between pedagogy and test performance at each time
was tested using the multivariate criterion of Wilks’
lambda (L). The interaction effect was significant, indicat-
ing that test performance over time was in fact influ-
enced by pedagogy, L ¼ 0.84, F (3, 64) ¼ 4.19, p ¼
0.009. Students in the intervention group obtained higher
test scores averaged across the four tests (M ¼ 42.3, SE
¼ 1.4) than the students in the control group (M ¼ 36.6,
SE ¼ 1.4), p ¼ 0.006. On average the impact of the lec-
ture capture-supported pedagogy was large, improving
test performance by nearly a full standard deviation, d ¼
0.95. Additionally, the interaction between native lan-
guage, pedagogy, and test performance over time was
also significant, indicating that the impact of pedagogy
on test performance depends on native language, L ¼
0.84, F (3, 64) ¼ 3.96, p ¼ 0.012. As shown in Table III,
for non-native English language speakers the lecture
capture-supported pedagogy improved test performance
by an average of 10 points (43.9 vs. 33.9), whereas for
the native English language speaker it showed no signifi-
cant improvement (40.1 vs. 39.4).

The main effect of gender and the interaction between
gender, pedagogy, and test performance at each time
was also tested. The main effect was not significant, F
(1, 68) ¼ 0.971, p ¼ 0.33. The interaction effect was also
not significant, indicating that the effect of lecture cap-
ture was the same for men and women, L ¼ 0.994, F (3,
64) ¼ 0.134, p ¼ 0.94.

From Figure 1 we see that on all tests, non-native Eng-
lish language speakers benefitted more from the change
in pedagogy than native English speakers, as measured
by the gain in test scores from the lecture capture-sup-
ported pedagogy. As the raw test scores have no mean-
ingful interpretation, gain scores were standardized,
meaning they were converted from raw scores to units of
standard deviations. The advantage that the lecture cap-
ture-supported pedagogy gave to non-native English lan-
guage speakers at the final examination in week 15 was
especially striking. Compared to the traditional peda-
gogy, non-native speakers scored more than three and a
half standard deviations higher with the use of the lecture
capture-supported pedagogy on the final examination.

Considering only the final examination, the difference
between the control and intervention groups was signifi-
cant in a one-tail test for both native English language
speakers, p ¼ 0.03 and for non-native speakers of Eng-
lish p < 0.001. However, the effect size as measured by
the standardized difference in means was small, d ¼
0.13 for native speakers and very large for non-native
speakers, d ¼ 1.67.

TABLE I
Demographics of the subjects in the control and intervention groups

Lecture-capture
supported (N ¼ 60)

Traditional
(N ¼ 53)

Men 37 (62%) 33 (62%)
Women 23 (38%) 20 (38%)
Hispanic 11 (18%) 5 (10%)
White 23 (38%) 24(45%)
Black 5 (8%) 6 (11%)
Asian 16 (27%) 10 (19%)
Other 5 (8%) 8 (15%)
Average Age 25.1 25.7

TABLE II

Correlations among Biology MCAT and course examinations scores

Measure 1 2 3 4 5

1. MCAT biology –
2. Test 1 0.46 –
3. Test 2 0.52 0.61 –
4. Test 3 0.55 0.62 0.61 –
5. Final 0.44 0.57 0.62 0.68 –

Note: All correlations are significant at p < 0.001.

TABLE III
Test scores averaged across all examinations for native and

non-native English language speakers taught using either the

lecture-capture supported or traditional pedagogy

Test score

Lecture-
capture

supported Traditional

M SE M SE

Native english 40.1 0.6 39.4 0.7
Non-native english 43.9 2.7 33.9 2.8

Note: Test scores statistically adjusted to reflect MCAT Biology ¼
6.1 (sample average).

FIG. 1. Standardized difference between lecture capture-sup-
ported and traditional pedagogy by native language.
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DISCUSSION

A small but growing number of Medical School faculty
continues to innovate in the delivery of course materials
to an increasingly diverse group of students [8], many of
whom are non-native English language speakers. In the
21st Century, medical education is changing, as more
emphasis is placed on the use of technology [9]. Stu-
dents are embracing this paradigm shift; they even
demand it [15], driving the rapid implementation of the
latest technologies in medical education, often without
appropriate evaluation of their effectiveness.

We report here that lecture capture technology, when
used to supplement traditional face-to-face instruction,
really does improves student performance in a blended
biochemistry course, with non-native English language
speakers benefitting more than native English language
speakers.

Furthermore, there was no difference in average per-
formance between men and women and both genders
benefitted equally from the use of this technology, since
no gender differences were observed. All students in this
course accessed the podcasts of lectures, often repeat-
edly, particularly around examination time, and reported
high levels of satisfaction with the learning environment.
An observation supported by the many positive com-
ments on the ‘‘end of semester’’; teaching evaluation
surveys, by tracking student’s use of the various compo-
nents of the Blackboard learning environment and by
others [16]. Contrary to the findings of McNulty et al. [17]
and Grabe and Christophersen [18], who reported only
limited use of online lecture podcasts by medical stu-
dents, our students accessed the online lecture podcasts
repeatedly. We were however not able to establish how
our students utilized the online podcasts, the degree to
which they used the ‘‘pause’’ and ‘‘search’’ features and
what features of the lecture-capture platform they found
most useful. This is perhaps a limitation of our study, par-
ticularly since there is evidence [19] to suggest that stu-
dent performance is correlated with the degree to which
they interact with the online environment. It has been
previously shown by others that while listening to pod-
casts repeatedly improves student performance, particu-
larly when accompanied with note taking [20], contradic-
tory evidence does exist [18].

Additional limitations to this study may also exist. First,
some potentially confounding variables, such as student
‘‘personal issues’’ were not controlled, so estimates of
the effect of lecture-capture technology may be biased.
Second, since a convenience sample was used, caution
must be exercised in extrapolating these results to other
courses and other institutions. Third, since the interven-
tion was administered by only one individual, it is not
assured that the intervention can be effectively adminis-
tered by other instructors. Furthermore, though the use
of ANCOVA in this study is justified, since there are no
fundamental demographic differences between the con-
trol and intervention groups even though they were from
two different cohorts of students, the design of this study
would be improved had the same cohort of students
been exposed to both pedagogies at different times.

The combination of learning resources reported in this
study resulted in an overall course performance that was
almost 6% higher than in the previous year. The improve-
ment in student learning reported in this study may be
explained by the ability of students to ‘‘pause’’ the online
podcasts and review the online materials more slowly.
This, so-called ‘‘innovative advantage,’’ (implicitly defined
by the caption of Fig. 1 as the standardized difference
between lecture capture-supported and traditional peda-
gogy) due to the change in the pedagogy was greater for
non-native English language speakers in all examina-
tions, though it was particularly evident on the final ex-
amination (Fig. 1) when good time management skills are
needed, since there is less time to study between the
examinations in final week.

To our knowledge, this is the first study to actually
quantify an improvement in examination performance for
URM students who are non-native English language
speakers in a lecture-capture supported course, though
others have previously reported increased levels of stu-
dent satisfaction amongst URMs when online resources
are made available [16, 21]. This should not be surprising,
since the availability of online resources allows the mod-
ern day medical student, with their increased personal
and social demands [22] to access lecture content at their
convenience. It provides an opportunity for students to
augment lecture attendance with review of difficult con-
cepts online repeatedly, catch up on material if a lecture is
skipped, and it provides an alternate lecture resource for
those who do not learn well in large lecture theaters.

Although medical students generally report high levels
of satisfaction with these supplemental online resources,
it has been reported that too much flexibility can
adversely effect student learning [23], as students miss
class to ‘‘cram’’ for upcoming examinations, intending to
review the skipped lecture online; they rarely do. Further-
more, when left to their own devices, some students may
utilize the online lectures in a manner that does not ben-
efit learning [24]. There are also some perceived disad-
vantages to the widespread use of lecture capture in
medical education expressed by faculty. For example,
faculty often expresses concern that this technology will
adversely affect lecture attendance. These concerns
however are unfounded as reported previously [17, 25,
26]. Although collecting attendance data can be cumber-
some in large classes [18], and no attendance records
were kept in this study, it appeared to faculty that class
attendance was equivalent to that in previous years.
Additionally, faculty is often concerned that the use of
this technology may detract from the holistic medical
school experience, specifically the interaction between
students and faculty, as well as diminishing class cohe-
sion. These concerns could easily be addressed by the
implementation of class tutorials or seminars to discuss
clinical correlations, for example. One further disadvant-
age, at least for this faculty member, that should also be
addressed, is the extremely labor intensive process of
podcast preparation. In this study, it took faculty �4 hr
to generate the audio and slide-building animations to
accompany the PowerPoint slides for 1 hr of lecture.
However, podcasts captured in this way were very
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‘‘clean,’’ devoid of extraneous sounds (students arriving
late, background conversation, cell phones) that could
potentially distract students from content delivery, and
the audio recording was of consistently high quality.

In addition to improving student performance in this
blended biochemistry course, lecture capture technology
has many other applications. We envisage that the avail-
ability of lecture podcasts in other courses could result in
similar improvements in student learning. Use of this
technology could be effectively utilized in a variety of
remediation strategies and aid in student retention, par-
ticularly the retention of URM students. Furthermore, use
of this technology in some sort of Board review course
could improve American Podiatric Medical Licensing Ex-
amination scores, particularly for students whose native
language is not English. This is significant, since increas-
ing the number of URM physicians is a long-term goal of
the American Medical Association. The use of these
online podcasts throughout the medical curriculum may
also increase institutional competitiveness as students
seek out institutions offering a variety of innovative learn-
ing resources.

Future studies might usefully explore how medical stu-
dents use these online resources, the strategies they find
most effective and what features of the lecture capture
platform they employ most frequently. Furthermore, it is
interesting to speculate on how student learning would
be affected, should the online resources be made avail-
able to students in advance of class time, allowing for
more interaction, exploration, and collaboration in the
classroom. Of particular importance is the implementa-
tion of further studies to validate the effectiveness of lec-
ture capture technology as an educational tool before it
is more widely adopted.
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