ORIGINAL ARTICLE
The influence of online review videos on gross anatomy course performance
among doctor of chiropractic students

Objective: Technology-enhanced learning is on the rise within healthcare education. This pilot study evaluated the
relationship between the use of online review videos and students’ performance and satisfaction in gross anatomy.
Methods: For this quasi-experimental study, we developed a series of online gross anatomy review videos, and
surveyed students enrolled in a doctor of chiropractic program regarding use of the videos and their attitudes towards
using the videos. Ordinal regression was used to evaluate the relationship between students’ video use and course
performance and the Mann-Whitney U test was used to determine whether there was a difference in course performance
between students who did and did not report using the review videos.
Results: We received 143 responses to our survey, resulting in a 73.3% response rate. Most students (71%) had engaged
with the online review videos. No signiﬁcant differences in course performance were detected between students who did
and did not report using the videos. Many students (82%) reported the review videos as being ‘‘helpful’’ and 73%
perceived them as ‘‘an enjoyable way to study.’’
Conclusion: While chiropractic students perceived a series of online gross anatomy review videos as being an enjoyable
and helpful way to study, engagement with this form of technology-enhanced learning did not have an impact on their
overall gross anatomy course performance.
Key Indexing Terms: Chiropractic; Education; Anatomy; Video-Audio Media; Electronic Supplementary Materials
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INTRODUCTION
Basic science courses in healthcare curricula are
evolving rapidly,1 but traditional lecturing remains the
primary component of most anatomy courses within
healthcare education.2–4 Incorporating technology, in and
out of the classroom, has the potential to enhance the
student experience and revolutionize healthcare curricula.
Technology-enhanced learning (TEL) is an interactive,
learner-centered pedagogic approach to teaching that uses
hardware, software, or mobile apps to improve teaching.
Online courses are primarily TEL, but face-to-face
instruction may also include components of TEL. Previous
research has shown that digital lectures produced similar
effects on course performance, when compared to traditional methods of instruction, and students frequently
report a preference for access to face-to-face instruction
and digital resources.2,5–9 Several investigators have
previously outlined how use of TEL has the ability to
accommodate students perceptual and cognitive differences.2,5,7 Additionally, research suggests that combining TEL
with traditional methods of teaching can increase student

engagement5,10 and improve outcomes within medical
education.3,11
Within the anatomic sciences, recent technologies have
allowed for the development of exquisite visual aids on a
variety of digital formats. Incorporating detailed anatomic
imaging in healthcare education may serve to enhance
student engagement, due to the highly visual nature of
these topics. Examples of TEL commonly used in healthcare education include: virtual or augmented reality, 3D
models, digital anatomy apps, eBooks, and virtual
dissection.2
Although literature on the use of technology to enhance
the student learning environment has dramatically increased in the last decade, most research has focused on
student satisfaction scores.11 Additionally, the inﬂuence of
TEL on learning within anatomic sciences, such as gross
anatomy, remains relatively unexplored. Of the few
published studies on the inﬂuence of online material in
anatomy courses there have been mixed results.1,12–14
Development of TEL resources is time-consuming and
research suggests that use of videos to supplement student
learning should be assessed for use, efﬁciency, and
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effectiveness.1,18 Although TEL resources may inﬂuence
student engagement and be satisfying for students, little is
known about the impact TEL may have on student
learning.
Within medical education, use of online review videos
has been shown to enhance the instruction of an anatomy
course when the videos were speciﬁcally designed to
address course objectives.15 Similarly, the use of YouTube
videos has been shown to increase student engagement and
facilitate learning in a variety of healthcare settings,15,16
but research is limited regarding the use of TEL within
chiropractic education.
Gross Anatomy I at the chiropractic institution
involved with this study primarily consists of a traditional
daily lecture that is combined with instruction in a cadaver
lab. Before this research project, no TEL resources were
part of the lecture or lab, other than presentation slides.
The purpose of this pilot study was to evaluate the
relationships between doctor of chiropractic students’ use
of online review videos and classroom performance in a
traditional face-to-face gross anatomy lecture course.
Student satisfaction with the review videos also was
assessed.

METHODS
This quasi-experimental study used a convenience
sample of students at Palmer College of Chiropractic in
the United States. Ethical approval to perform this project
was obtained from the Palmer College of Chiropractic
institutional review board.
We invited all students enrolled in the Gross Anatomy I
course to participate in this project. Data were collected
148

during the Summer 2017 and Fall 2017 trimesters.
Students with special testing accommodations, arranged
through the college’s Department of Student Academic
Services, were ineligible for enrollment in this study
because their exams were administered at an alternate
testing location. This study had limited personnel and we
were unable to perform informed consent and distribute
the survey at multiple locations. A total of 215 students
were eligible to participate in this survey, which included
112 students from the Summer 2017 trimester and 103
from the Fall 2017 trimester. Participating students
completed a 13-item questionnaire at the end of their
gross anatomy course, following their ﬁnal examination.
We designed a series of seven individual gross anatomy
review videos, which reviewed content that correlated with
various course objectives. These videos used screen capture
software that recorded the gross anatomy tutor’s voice
while displaying various anatomy software applications.
Video content included anatomic images, such as threedimensional (3D) anatomic visualizations from the Complete Anatomy application (3D4Medical, Dublin, Ireland),
with related text presented using PowerPoint (Microsoft,
Redmond, WA) as displayed in Figure 1. In other videos,
hand drawn diagrams were displayed using OneNote
(Microsoft). These review videos highlight selected concepts that correspond with content presented in the course
lectures. However, the videos presented the information in
a unique way that was distinctly different from lecture.
Table 1 provides an overview of the content included in
each video, the format and duration of the video, and
number of views each video received.
Individual URL links to the online review videos were
made available to all students enrolled in the Gross
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Figure 1 - Screenshot from the seventh video in the series, highlighting the ankle joint and including visuals from the Complete
Anatomy application.

Table 1 - Video Characteristics
Video Title
Brachial plexus pt. 1 (structure and exceptions)
Brachial plexus pt. 2 (muscles and joints supplied)
Sternoclavicular joint þ ligaments review
Acromioclavicular joint þ ligaments review
Lumbar plexus
Sacral plexus
Foot and ankle

Video Format
Hand drawn diagram
Hand drawn diagram
PowerPoint slides with
PowerPoint slides with
PowerPoint slides with
PowerPoint slides with
PowerPoint slides with

Instrumentation
This project involved the development of a 13-item
questionnaire to evaluate students’ self-reported use and
perceptions of the online review videos. Although several
anchors were used across the instrument, students’
perceptions of the online review videos were evaluated
using four-point scales (e.g., extremely satisﬁed to
extremely unsatisﬁed) and assessed the following: level
of enjoyment using the review videos, helpfulness of the
review videos, satisfaction regarding their understanding
of course content, and satisfaction regarding their course
performance. Questions were designed to evaluate the
student perceptions related to ease of use, relevance to
class material, and whether the videos were an enjoyable
method of studying. To ensure appropriate face validity
of the questionnaire, we developed item and scales in
accordance with survey design best practices and content
domains from the literature. We pretested the questionnaire with content experts and students, to ensure content
validity. Subtle grammatical revisions were made following the pretesting process, based on input from students,
tutors, and faculty members.
This project combined data regarding each student’s
ﬁnal course grade with the student’s individual questionnaire responses. The college’s registrar provided the
Institutional Research ofﬁce with demographic data of
participants including mean age, distribution of sex,
ethnicity, and prior education information (prior degrees
obtained, incoming grade point average [GPA] and
incoming science GPA). Final course grades were obtained
from the course instructor. A research assistant collected
the student’s survey responses. The Institutional Research
ofﬁce matched survey responses with each student’s course

3D
3D
3D
3D
3D

visuals
visuals
visuals
visuals
visuals

# of Views

8:18
6:53
6:49
7:35
11:00
9:02
8:08

179
158
59
64
64
52
31

grade, deidentiﬁed the data, and provided the deidentiﬁed
data to us for data analysis. Only Institutional Research
ofﬁce personnel had access to identiﬁable data.
Research Questions
To assess the effectiveness of the tutorial videos, two
research questions guided the current study: (1) Does
students’ use of the tutorial videos predict their ﬁnal course
grade in a chiropractic gross anatomy I course? (2) Is there
a difference in students’ overall satisfaction with their
academic performance and satisfaction with learning
between those who did and did not use the tutorial videos?
Data Analysis
Data were entered into SPSS version 25 (IBM Corp,
Armonk, NY) and Excel (Microsoft). Descriptive statistics
were calculated to summarize the data. Based on the
ordinal nature of overall satisfaction variables, we used
ordinal regression to understand the predictive qualities of
students’ video use on their corresponding satisfaction
with their academic performance and understanding the
course materials.

Model Fit and Association Measures
We used model ﬁt information to determine if the
explanatory variables in the model improved our ability to
predict the outcome variable by comparing a baseline,
intercept-only model to the model containing the explanatory variables. Pearson’s v2 goodness-of-ﬁt statistic, that
is, the omnibus test, was used to determine if the observed
data were consistent with the ﬁtted model; signiﬁcant
values indicating a misﬁtted model wherein the data and
model are dissimilar. Negelkerke pseudo r-square (nr2) was
used to explain the amount of variation between the
explanatory and outcome variable.
Assumption of Proportional Odds
It was not necessary to assess multicollinearity between
explanatory variables because this study investigated only
1 potential explanatory variable (video use). Proportional
odds were examined using the ordinal model, with one set
of coefﬁcients for all thresholds, to an alternate ordinal
model with a separate set of coefﬁcients for each threshold.
Signiﬁcance of this test indicates that the model does not
fulﬁll assumption of proportional odds. No outliers were
present within the data.
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Anatomy I course, via a password protected website.
These URL links were made available to students via the
college’s Academic Support Services Department website,
hosted by the Brightspace learning management system
(Desire2Learn, Ontario, Canada).
Informed consent was obtained before distributing the
survey questionnaire. All students received a verbal
description of this project and information was provided
about what data would be gathered, how data would be
protected, how the results would be analyzed, and how the
results of this project would be communicated. In addition
to a verbal informed consent, a written informed consent
document was attached to each questionnaire and signed
by each participant.

supporting
supporting
supporting
supporting
supporting

Length

Table 2 - Demographics
Term
Summer 2017 (n¼51)*

Fall 2017 (n¼92)*

Total (n¼143)

23.84 (2.75)

24.03 (2.94)

31
20

54
38

85
58

45
2
2
2
0

81
1
5
4
1

126
3
7
6
1

2
40
2
7

0
65
5
22

2
105
7
29

3.27 (0.35)
3.28

3.31 (0.32)
3.30

–
–

3.04 (.49)
3.02

3.09 (.42)
3.11

–
–

83.47 (8.48)
83.88

82.81 (12.47)
84.80

–
–

Mean age
24.37 (3.22)

Note: 2 students repeated the gross anatomy course from summer to fall. The actual number of study participants for summer was 53 and the fall was 90.
* No statistically significant differences between terms at alpha p , .05.

Noteworthy is that some consider the proportional
odds test to be, generally, an anti-conservative test,17 often
resulting in smaller p values that tend to increase the
probability of type I error (i.e., rejecting the null
hypothesis that the odds ratios are equal in favor of the
alternate hypothesis that the odds ratios are not equal
when the researcher should retain the null hypothesis). In
the event of violation of the proportional odds assumption, we used binary logistic regression analysis to
manually examine the odds ratios at each threshold to
determine if the variable was appropriate for ordinal
regression.
In addition, using the same dependent ordinal variables
for satisfaction (i.e., academic performance and understanding course materials), we used the Mann-Whitney U
test to evaluate group differences in students’ use of the
online review videos (i.e., comparing those who did and
did not use the videos). We inspected histograms to assess
distributional assumptions of the Mann-Whitney U test
and calculated thepeffect
ﬃﬃﬃﬃﬃﬃ size of group differences using the
formula: r ¼ Z= N All statistical analyses relied on a
standard a (p , .05) to determine signiﬁcant outcomes.

RESULTS
Survey Respondents
Of the 215 eligible students, 20 were excluded due to
special testing accommodations that required an alterna150

tive testing location. A total of 143 (53 summer term; 90
fall term) completed the survey questionnaire, which
corresponds to a total response rate of 73.3% (143/195).
The demographic data for all respondents are reported in
Table 2. The two groups surveyed were comparable in age,
sex, incoming GPA, and incoming science GPA. The
percentage of students who had not yet completed an
undergraduate degree was higher in the Fall 2017 term
(23.9%; 22/92) when compared to the Summer 2017 term
(13.7%; 7/51). When compared across terms, students did
not differ signiﬁcantly with respect to incoming GPA (t
(141) ¼ .691, p ¼ .491), incoming science GPA (t [141] ¼
.422, p ¼ .674), or their ﬁnal Gross Anatomy 1 course
grade (t [141] ¼ .345, p ¼ .731).
Course Grades and Respondent’s Video Use
Overall, the majority of students (71%; 102/143)
reported using the videos. The highest percentage of
student video users obtained a B in the class (37%).
Similar numbers of users obtained an A (28%) or C (29%)
in the class. The lowest percentage of students did not pass
the class (5%). A similar distribution was seen among
students who reported they did not engage with the online
review videos (nonusers). The distribution of grade
achievement between online review video users and
nonusers is reported in Table 3.

J Chiropr Educ 2020 Vol. 34 No. 2  DOI 10.7899/JCE-18-29  www.journalchiroed.com

Downloaded from http://meridian.allenpress.com/jce/article-pdf/34/2/147/2650941/i1042-5055-34-2-147.pdf by guest on 18 January 2021

Sex
Male
Female
Ethnicity
White
Hispanic
Asian
2
Unknown
Prior education
Master’s degree
Bachelor’s degree
Associate’s degree
Degree not yet completed
Incoming GPA*
Mean (SD)
Median
Incoming science GPA*
Mean (SD)
Median
Gross Anatomy I final grade*
Mean (SD)
Median

Table 3 - Course Performance and Video Use
Overall Course Score
and Letter Grade
(score, grade)
90–100%, A
80–89%, B
70–79%, C
0–69%, F

Number of
Total Students

Number of Students
Who Used the
Online Review Videos

42
55
39
7

(28.5%)
(37.3%)
(29.4%)
(4.9%)

13
17
9
2

(31.7%)
(41.5%)
(22.0%)
(4.9%)

Predicting Students’ Satisfaction With their Academic
Performance
Does students’ video use predict their satisfaction with
their academic performance? Although the proportional
odds assumption has been satisﬁed for the ordinal model
related to students’ video use and their satisfaction with
their academic performance (v2[10] ¼ 6.697, p ¼ .754), and
the goodness-of-ﬁt test indicated an appropriately ﬁtted
model (v2[10] ¼ 5.802, p ¼ .832), the results of the model
ﬁt information suggests that the ﬁnal model does not
offer any improvement over the baseline, intercept-only
model (v2[5] ¼ 4.608, p ¼ .466). Students’ video use
accounted for a small amount of variance within the
model (nr 2 ¼ 035, 3.5%). This low accountancy
indicated that the model containing video use is likely a
poor predictor of students’ satisfaction with their overall
academic performance.
Predicting Students’ Satisfaction with Understanding
Course Materials
Does students’ video use predict their satisfaction with
understanding course materials? The assumption of

Table 4 - Student Responses to Attitude Questionnaire
Responses
Questions
How satisfied are you with your course performance?
How satisfied are you with your understanding of the
course material?

To what extent did you use the online review videos?

How easy was it for you to access and use the online
review videos?

Do you feel the online review videos were helpful?
Do you feel the online review videos were enjoyable way
to study?

Would you recommend these videos to other students?

Extremely
Satisfied

Somewhat
Satisfied

Somewhat
Unsatisfied

Extremely
Unsatisfied

32.2%
35%

45.5%
51.7%

14.7%
7.7%

7.7%
5.6%

A Lot

Some

Very Little

Not at All

9.4%

46.2%

29.9%

14.5%

Extremely
easy

Somewhat
easy

Somewhat
difficult

Extremely
difficult

59.6%

33.7%

5.8%

1.0%

Extremely

Somewhat

Very little

Not at all

38.8%
31.4%

42.7%
41.2%

16.5%
24.5%

1.9%
2.9%

Extremely
likely

Somewhat
likely

Somewhat
unlikely

Extremely
unlikely

49.0%

44.1%

3.9%

2.9%
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Student Attitudes and Perceptions About Video Use
Students who reported using the videos also reported
satisfaction with their course performance (n ¼ 80, 78%),
and their understanding of course material (n ¼ 88, 86%).
The majority of students who reported viewing the videos,
reported the videos as being helpful (n ¼ 80, 82%) and
enjoyable (n ¼ 71, 73%). Nonusers also reported satisfaction regarding their course performance (n ¼ 31, 76%) and
their understanding of material (n ¼ 36, 88%). Student
responses to the attitude questionnaire are summarized in
Table 4. Similar satisfaction scores for course performance
were observed among students who did (M ¼ 3.04; SD ¼
0.87) and did not (M ¼ 2.95; SD ¼ 0.92) report using the
review videos. A similar pattern also was observed
regarding satisfaction with understanding course content;
students who reported using the videos reported similar
satisfaction scores (M ¼ 3.18; SD ¼ 0.79), compared to
those who reported not using the videos (M ¼ 3.12; SD ¼
0.81). No signiﬁcant differences were discovered between
the groups of students who did and did not watch the
videos when we evaluated for differences in students’
satisfaction with course performance and differences
regarding satisfaction with understanding course content.

29
38
30
5

Number of Students
Who Did Not Use the
Online Review Videos

Table 5 - Binary Logistic Regression Parameter Estimates and Odds Ratios
B, Parameter Estimates

How much
How much
How much
How much
How much
Constant

did
did
did
did
did

you
you
you
you
you

use
use
use
use
use

the
the
the
the
the

given
given
given
given
given

review
review
review
review
review

videos
videos
videos
videos
videos

for
for
for
for
for

Gros...
Gros...
Gros...
Gros...
Gros...

(1)
(2)
(3)
(4)
(5)

Differences in Students’ Satisfaction With Their
Academic Performance
Review of the data for video users and nonusers (i.e.,
use of videos 30 minutes or more or no video use at all)
for the satisfaction with their academic performance
variable indicated that the two distributions exhibited the
same, approximately normal mound-shape. As such, the
Mann-Whitney U test compared differences in the
medians of both groups to uncover potential differences.
No outliers were present within the data. A comparison
of median scores between video users and nonusers
(Table 6) indicated nonsigniﬁcant differences in students’
satisfaction with their academic performance (p ¼ .582).
The effect size of the between group differences was small
(.046).

C1

C2

C3

C1

C2

C3

0.288
18.952
18.952
0.405
18.952
2.251

0.811
1.609
1.578
0.341
0.090
1.163

1.055
0.894
0.718
1.792
1.540
0.288

0.75
0.00
0.00
1.50
0.00
0.10

0.44
0.20
0.21
0.71
0.91
0.31

2.87
2.44
2.05
6.00
4.67
0.75

Differences in Students’ Satisfaction With Their
Understanding Course Materials
Another review of the data for video users and nousers
for the satisfaction with their understanding of course
materials variable indicated that the two distributions
exhibited the same, approximately normal mound-shape.
As such, the Mann-Whitney U test compared differences in
the medians of both groups to uncover potential differences. No outliers were present within the data. A
comparison of median scores between video users and
nonusers (Table 6) indicated nonsigniﬁcant differences for
students’ satisfaction with their understanding course
materials. The effect size of the between groups differences
regarding learning satisfaction also was small (0.029).

DISCUSSION
The aim of this project was to examine the relationship
between the use of gross anatomy online review videos and
classroom performance as well as course satisfaction.
Additionally, we collected information regarding students’
perceptions of their course performance and understanding of course material. We found that the majority of the
students in the gross anatomy course used the online
review videos, and their attitudes toward the videos were
largely positive. We did not ﬁnd any statistically signiﬁcant
differences, or predictive relationships, between video users
and nonusers regarding satisfaction with their academic
performance or understanding of course content.
Most of the students we surveyed reported engaging
with the online review videos. However, the extent of
engagement varied. Among the students who reporting
using the videos, their use ranged from less than 30
minutes to over 2 hours but most students engaged with
the videos for 31 to 60 minutes. It is unknown whether

Table 6 - Mann-Whitney U Results
N

Mean Rank

Sum of Ranks

Overall, how satisfied are you with your academic performance?
No use
41
69.20
2837.00
Any use at all
102
73.13
7459.00
Total
143
Overall, how satisfied are you with your understanding of course material?
No use
41
70.28
2881.50
Any use at all
102
72.69
7414.50
Total
143

152

Z

p

Effect Size

.551

.582

0.05

.348

.728

0.03
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proportional odds was not satisﬁed for students’ satisfaction with their understanding course materials (v2[10] ¼
41.247, p ¼ .000). Investigation of parameter estimates and
odds ratios, detailed in Table 5, resulting in variant odds
ratios at each threshold, which further indicates possible
unequal parameter estimates. Unequal parameter estimates and odds ratios likely indicate differential item
functioning of the dependent variable.
Although the goodness-of-ﬁt test indicated that the
model appropriately ﬁt the data (v2[10] ¼ 17.396, p ¼ .066),
the model ﬁt information indicated that the model did not
offer any improvement over the baseline, intercept-only
model (v2[5] ¼ 6.229, p ¼ .285). Students’ video use
accounted for a small amount of variance within the model
(nr2 ¼ .048, 4.8%), which indicated that the model
containing video use is likely a poor predictor of students’
satisfaction with their overall understanding of course
materials.

Exp(B), Odds Ratios

with TEL may be due to the ﬂexibility of scheduling,
unlimited availability, and the ability for students to
engage in self-paced learning.9,24,26
Despite the positive perceptions our students reported
regarding their use of the online review, use of these videos
did not have a signiﬁcant impact on course performance.
Limitations
This project has several limitations. The current study
used a small convenience sample from a limited target
population of chiropractic students. Convenience sampling
can limit the ability to generalize to other populations and
it also limited our ability to calculate power analysis
statistics related to statistical power and sample size.
However, the effectiveness of a statistical power calculation is greatest when working with a probability sample
(i.e., random assignment). Our study used nonprobability
sampling (i.e., convenience sample) of a small target
population to gain a better understanding of a coursebased video tutorial that might be beneﬁcial on a larger
scale. As such, this project constituted a pilot study of a
course-based intervention, with the intention of collecting
preliminary data before, potentially, moving toward a
larger-scale study. Despite this limitation, we did include
other power analysis information, i.e., effect size, to
contextualize any statistical ﬁndings. Given the smaller
sample size of the study, we wanted to be careful not to
attribute importance to ﬁndings that are essentially trivial
in nature.
Additionally, the pretesting we performed with the
study’s questionnaire was not a substitution for more
formal validation techniques. The differential item function discovered in this study indicated that at least 1 item
may have been interpreted differently by different groups
of respondents. However, we believe this data artifact to be
isolated to the item in question, that is, student’s
satisfaction with their understanding of course materials.
Future Research and Practice
Our results may help to inform a larger study of a more
diverse population of doctor of chiropractic students
across multiple college campuses. A larger study would
be more likely to impact course design and implementation
in anatomic sciences, which is a critical component of all
healthcare sciences, especially within chiropractic education.

CONCLUSION
This study found that most responding students
engaged with the course-speciﬁc online review videos and
most exhibited positive attitudes toward those resources.
No signiﬁcant differences in course performance or
perceived understanding were observed between students
who did and did not use the videos.
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students were watching each video once or whether they
repetitively watched a limited set of videos. More research
regarding this distribution is needed to determine how
students are spending their time when viewing the review
videos. Our ﬁndings are similar to those of Bacro et al.22
who found that when students are given access to
neuroscience recordings the highest percentage of students
used them for a duration of 20 to 40 minutes.
When we evaluated the effects of video use on students’
overall performance in the Gross Anatomy I course we
discovered that use of the videos was not associated with a
signiﬁcant difference in either academic performance or
their perceived understanding of course content. Although
small differences were discovered between groups, these
differences were not statistically signiﬁcant and exhibited a
trivial effect size. These ﬁndings are in concordance with
those of Meyer et al.23 whose study of undergraduate
chiropractic students found that neuroanatomy scores
were not signiﬁcantly inﬂuenced when students were
provided access to TEL resources. This same study also
identiﬁed potential barriers to improved performance,
such as a ‘‘technology learning curve.’’23 Additionally, the
Meyer et al.23 study did not account for the amount of
time students spent engaged with the TEL resources; our
survey attempted to remove these barriers, but our results
remain comparable those of Meyer et al.23 This may be due
to a combination of factors. While healthcare students
frequently engage with online resources, graduate level
students already may have a preference for resources they
have used previously and could be hesitant to try new or
different study methods. Among the students who did elect
to use the online review videos, it is possible that they may
be passively watching the videos or watching the videos
while performing other tasks; this may reduce educational
impact of these online gross anatomy review videos.
Similar studies involving populations of medical students have yielded varied results. Some studies have found
that adding TEL resources into medical education failed to
have a signiﬁcant impact on course scores.9,15,22,24–26
Bridge et al.24 concluded that students using TEL
resources have equivalent outcomes to students using
traditional methods of learning. Their conclusion was
consistent with the our observed results. Other studies of
medical students have found associations between engagement in online learning and improved performance. Singh
and Min3 found that students who engaged in online
learning performed ‘‘modestly better’’ than those who
received face-to-face instruction. They also discovered that
these effects were magniﬁed if the student engaged in a
combination of TEL and face-to-face instruction. These
ﬁndings also are supported by a meta-analysis published
by the United States Department of Education.7,24
Qualitative ﬁndings regarding students’ attitudes toward TEL resources are largely consistent. Our results
indicated that students felt our online review videos were
easy to use, an enjoyable way to study, and a helpful
resource for studying the course content. Various other
studies report similar levels of satisfaction when TEL
resources are incorporated into an existing course.24,26–29 It
has been suggested that the favorable levels of satisfaction
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