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Abstract Computer-assisted or e-learning modules can be an
effective mode of education, particularly if they incorporate
interactivity and feedback. However, such modules can face
barriers to adoption by faculty, particularly when they involve
the use of new software. In this report, we describe the gener-
ation of e-learning modules derived using standard features of
PowerPoint™ that include feedback and require active en-
gagement by students. These modules, that we term Interac-
tive PowerPoints™ or IPPs, have been used in a variety of
settings within the pre-clerkship years of a standard medical
(MD) curriculum. Our analysis demonstrates that use of IPPs
as supplementary material can enhance performance on stan-
dard multiple choice exam questions and are at least equiva-
lent in efficacy to didactic lectures for delivery of specific
concepts. In addition, use of IPPs for practice Genetics prob-
lems resulted in a significant increase in student perceptions of
comprehension and ability to apply knowledge. Finally, stu-
dents indicated a distinct preference for blended learning ex-
periences incorporating IPPs. Thus, IPPs represent a low-cost,
easily adoptable e-learning mechanism that provides for an
efficient and interactive learning experience for medical
students.
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Introduction

Computer-assisted learning or e-learning in medical education
incorporates a variety of formats from simple recorded lec-
tures to interactive tutorials, computer-based simulations,
and virtual patients [1-3]. Such formats are increasingly being
incorporated at multiple levels of medical education, often as
part of a blended learning experience where e-learning is com-
bined with more traditional formats such as lectures [4—6].
Blended learning provides at least equivalent learning out-
comes to that of traditional educational formats but results in
higher student satisfaction and confidence in achievement of
learning objectives. Specifically in regard to the e-learning
component, most studies indicate that e-learning can be as
effective as traditional content delivery for knowledge acqui-
sition [1, 3, 7-9]. The advantages of e-learning consist of the
ability of students to regulate their pace of learning and an
increase in student satisfaction with their learning experience
[3, 8]. However, it is clear that the quality of e-learning mod-
ules varies widely, and the ability to incorporate interactivity
and feedback are important components leading to improved
learning outcomes [1, 9]. In these cases, e-learning modules
can mimic aspects of active learning, which has been shown to
significantly improve student performance [10, 11].

The development of high-quality e-learning modules that
incorporate these features may require the generation of spe-
cific software or the use of targeted commercially available
software that could create a barrier to widespread adoption by
teaching faculty [12—14]. To address this issue, we have uti-
lized specific features of PowerPoint™ to generate a series of
interactive e-learning modules that we term Interactive
PowerPoints™ or IPPs. From the faculty perspective, IPPs
are simple to generate using software they are already familiar
with, thus removing a barrier to widespread adoption. The
IPPs are designed so that students are required to actively
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engage in order to complete the module, providing an interac-
tive experience for the learner. In addition, opportunities for
feedback and the ability to link out to published work or spe-
cific web sites are incorporated. In this report, we present an
analysis of the efficacy of IPPs used in a variety of formats.
For example, IPPs were utilized as supplementary material to
didactic lectures addressing specific concepts that have histor-
ically been difficult for students to grasp in a lecture format.
Other IPPs were developed to enable application of knowl-
edge acquired in lecture, to replace didactic lecture material, or
to supplement Medical Microbiology laboratory sessions in a
peer-to-peer learning environment. Our analysis of the effica-
cy of IPPs consisted of course evaluations, performance on
multiple choice questions (MCQs), and a survey to assess
comprehension of basic science concepts and competency in
the application of this knowledge pre- and post-introduction
of the IPPs. Our results show that IPPs are at least equivalent
to traditional formats in knowledge acquisition and, when
used as supplementary material, can significantly enhance stu-
dent performance on MCQs. The IPPs also provided students
with increased comprehension and the ability to apply their
knowledge. In addition, the students indicated a distinct pref-
erence for blended learning experiences incorporating IPPs.
Thus, IPPs represent a low-cost, easily adoptable e-learning
mechanism that provides for an efficient and interactive learn-
ing experience for medical students.

Methods

Generation of IPPs The Interactive PowerPoints™ were gen-
erated using the standard Microsoft package (details provided
are for Microsoft PowerPoint™ Professional Plus 2013). Ac-
tion buttons were used to navigate between slides and were
inserted by clicking on the “Insert” tab and selecting “Action
Buttons” within the “Shapes” option. Once the Action button
was inserted into the slide, a dialog box opens enabling
hyperlinking to a specific slide within the presentation. For
multiple choice questions, answers were added as separate
text boxes, the text box highlighted, “Insert” again selected,
and the “Hyperlink™ option selected. From the Hyperlink di-
alog box, “Place in This Document” was selected. At that
point, the answer was hyperlinked to a specific slide within
the presentation with either a “correct” or “incorrect” answer
linked to the appropriate MCQ option. Once the presentation
was complete, enforcement of interactivity required additional
steps. First, “on mouse click” must be deselected in the
“Advance Slide” section of the “Transitions” tab and “Apply
to All” selected. Under the “Slide Show” tab, “Set Up Slide
Show” was chosen and the “Show Type” “Browse at a
Kiosk” selected. Finally, the document must be saved as a
“PowerPoint™ Show” or .pps file.
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IPPs for Self-Directed Learning IPPs were developed as
material for “Cell Structure and Function”—a traditional
lecture-based course for M1 students. The IPPs were made
freely available to students on a secure education portal so
that they could review them multiple times at their conve-
nience. It was estimated that each IPP would take a maximum
of 10 min to complete. Assessment of the efficacy of these
modules for the acquisition of knowledge was performed by
analysis of MCQ data on standard exams by using chi-squared
analysis using Yates correction for continuity.

Additional IPPs were generated in 2012 for the Genetics
section of the same course, based on a series of practice
problems designed to apply knowledge obtained in lecture.
The same practice problems had been provided to M1 stu-
dents in prior years as a written Word document, with
hand-drawn answers posted upon the completion of the
lecture material. A survey distributed to these two groups
of students was designed to assess general learning prefer-
ence, content organization, the level of feedback provided
during the active learning session, level of confidence in
the conceptual information, and skill development using a
standard 5-point Likert scale (see Table 1 for survey
questions). This study was assessed by the Institutional
Review Board of Eastern Virginia Medical School and
determined to be exempt from review. Students who elected
to participate were asked to review one of the Practice
Problems that they had received when they took the relevant
M1 class and then asked to complete an online survey admin-
istered using Qualtrics software (Qualtrics, Provo, UT). In
total, 259 students who had used the “paper” version of the
Practice Problems (M3 and M4 students) and 292 students
who had used the IPPs (M1 and M2 students) were asked to
participate. A total of 93 students completed the survey (17 %
overall participation rate), with 49 M3 and M4 students
(19 %) and 44 M1 and M2 students (15 %). The responses
for the two groups were assessed by question-based one-
way ANOVA followed by Bonferroni’s multiple comparison
test.

IPPs for Peer-to-Peer Learning [PPs were generated for the
Medical Microbiology and Immunology course for use in
blended learning sessions combining clinical case scenarios,
pharmacology (the use of antibiotics), and laboratory identifi-
cation of bacteria. Students completed the IPPs in class as a
group and were provided with live specimens (i.¢., agar plates,
slides, chemical sensitivity tests, etc.) used to identify the bac-
teria. After the labs were completed, the electronic cases are
made available on a secure server for review. As part of the
standard course evaluation, we polled the students for their
opinions regarding the IPPs. Of 119 second year medical stu-
dents, 69 participated in the course evaluation (response rate
of 58 %).
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Table 1  Student survey questions

Question When studying, I preferto ~ —1 Work out problems on
1 paper
—2 Do most of my work on
the computer

-3 Use textbooks as a
supplementary resource

—4  Get most of my
information from online
resources

Question The material presented in —1 Encouraged working
2 the practice case through the problem

—2 Engaged my interest

—3 Encouraged learning more
about the genetic
disorder

—4 Was well organized

—5 Was sufficient for me to
answer the questions

—6 Effectively broke down
the problem into
manageable sections

Question The practice case —1 Explained the reasoning
3 behind the answers

—2 Helped me determine
which tools to use to
assess inheritance risk

—3 Provided an appropriate
level of feedback

Question After completing the practice —1 Factors that influence
4 case, | had a greater inheritance risk
understanding of the 2 Role of Mendelian
principles of
inheritance
—3 Role of carrier frequency
in determining
inheritance risk
Question After completing the practice —1 Pedigree analysis
5 case, I.was abletousethe _5 pyunnett squares
following / tools or
strategies to assess
inheritance risk

-3 GeneReviews Database

Results and Discussion

General Description of IPPs The IPPs were designed to
break down problems or concepts into discrete sections, in-
corporating MCQs into each section. Incorrect MCQ answers
were hyperlinked to slides that provided additional informa-
tion to assist in answering questions and then hyperlinked
back to the original question. Students were thus required to
provide a correct answer in order to proceed to the next section
of the IPP. Correct MCQ answers were hyperlinked to slides
that gave additional feedback, reinforcing the reasoning be-
hind the correct answer choice. In some cases, hyperlinks
were added to images within the slides or links were used to

provide definitions or access to relevant publications and web
sites. A key aspect of the IPPs is the elimination of the oppor-
tunity for students to simply “scroll through” the presentation.
Rather, the IPPs required active engagement by the students to
complete the module.

As an example, we outline the IPP generated for the Ge-
netics practice case used as the basis for our survey. This case
was included in the course “Cell Structure and Function” for
M1 students. The curriculum at Eastern Virginia Medical
School (EVMS) at the time of the introduction of this material
was primarily by discipline with a heavy emphasis on didactic
lectures. The Genetics section of the Cell Structure and Func-
tion course was the first in the curriculum to move to online
lectures and modules, with supplementary small groups and
including the IPPs. Thus, the IPPs were in the context of a
module that relied heavily on self-directed learning. Other
IPPs were used in conjunction with standard didactic lectures,
demonstrating the versatility of this approach. The original
question for the IPP case consisted of the following presented
to the students in a word document:

“A man and a woman are carriers for maple syrup urine
disease (MSUD). They are expecting their first child.

1. Draw the pedigree and indicate their genotypes using
‘A’ for the dominant allele and ‘a’ for the recessive
allele.

2. What s the probability for their child to have MSUD?

3. Ifonly one member of the couple was a known carrier
for MSUD, how would that change the probability in
part 2 (Assume they are both of non-consanguineous,
Pennsylvanian Mennonite descent)?”

The complete IPP for this case has now been published
[15]. In Fig. 1, we provide an outline of the organization of
the IPP for this case. Note that this format allowed us to pro-
vide a link to an external reference with more information
about the clinical manifestations of MSUD and the underlying
causes of this disorder. Incorrect answers were linked to slides
that either provided an explanation of why the answer was
incorrect or more information so that the student can answer
the question successfully, for example, provision of a standard
Punnett square for question 2 or a link to an external site to
obtain information on carrier frequency for question 3. Within
the incorrect answer slides, the phrase “Click here to try
again” was hyperlinked within the presentation to the slide
containing the original question. Thus, students were unable
to proceed with the case until the correct answer was selected
as no action button or hyperlink was included that enabled
them to proceed directly to the next question from the incor-
rect answer slide. Correct answers were also hyperlinked to
slides that provided an explanation of the answer to reinforce
the concepts before proceeding to the next question.
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Fig. 1 Outline of sample IPP. The numbered individual boxes in this
schematic represent slides within the IPP for the case questions detailed
in the corresponding text. Arrows represent hyperlinks between slides and
additional hyperlinks to external sites are indicated

It is felt that a key element of the success of the IPPs is the
incorporation of immediate feedback for both correct and in-
correct answers. Giving feedback to learners is important to
reinforce learning and feedback and can take the form of ver-
ification and elaboration [16]. Verification is the information
regarding the correctness of the learner’s answer, while elab-
oration is the process of providing information toward a cor-
rect answer. In this study, learners were provided with feed-
back that provided both verification and elaboration of the
correct answer. Further, it has been found that immediate de-
livery of feedback provided an instructional advantage [17]
and is also more effective for decision-making tasks [18].
The decision-making tasks included in the pedigree
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construction IPPs were reinforced by the immediate feedback
given to learners verifying the correctness of their answers and
an elaboration of the incorrect response and the correct an-
swer. Finally, feedback is an essential part of self-regulated
learning. The self-regulated learner understands the goal of
learning, is motivated to learn, and takes control of their
own learning [19]. Self-regulated learning is key to student
achievement, and feedback is a primary determinant of self-
regulated learning [20].

Effect of IPPs on Performance on MCQs IPPs were gener-
ated for the Cell Structure and Function Course for first year
medical students as supplementary material, designed to en-
hance understanding of concepts that were traditionally hard
to grasp in a lecture format. In one specific example, an IPP
was generated that illustrated concepts associated with the
orientation of transmembrane proteins. Figure 2a shows the
responses to an MCQ related to this topic prior to (2011 and
2012) and after (2013 and 2014) introduction of the supple-
mentary IPP by two groups of students: those enrolled in the
MD class and students in the 1-year Medical Master’s pro-
gram at EVMS, a post-baccalaureate program designed to
enhance student competitiveness for medical and dental
schools. There was a clear and statistically significant im-
provement in performance on the MCQ by the medical stu-
dents (=438, p<0.025). In addition, while not statistically
significant, there is a clear trend toward improved perfor-
mance on the MCQ by the Medical Masters students after
the introduction of the IPP (=173, p=0.069). The reason
for the difference in the two classes is unclear, although the
smaller sample size of the Medical Masters class may play
some role. It should be noted in this case that all students
received the material included in this supplementary IPP as
part of the didactic lecture and that prior to 2012 the same
material was presented solely in lecture format. This implies
that the improved performance on the exam question results
from a subset of students utilizing the supplemental tool and
therefore having a greater understanding of the topic.

IPPs were also developed for the same course to replace
didactic lecture material for two specific topics: the function of
the Lac Operon (topic 1) and iron regulation of gene expres-
sion (topic 2). In this case, students were informed that the
material within the IPPs would be assessed on the exam. Im-
portantly, our analysis reveals no difference in student perfor-
mance on related MCQs whether the material was presented
as an IPP or in a lecture format (Fig. 2b). Thus, our data shows
that IPPs are at least equivalent to didactic modes of content
delivery and can even enhance student learning of difficult or
complex concepts.

Use of IPPs for Knowledge Application In 2012, IPPs were
developed to replace a series of practice problems written for
the Genetics curriculum, focused on the application of
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Fig. 2 Student performance on MCQ questions before and after
introduction of IPPs. a Average MCQ scores (£SD) for Medical (MD
Class) and Medical Masters students (MM Class) on the same MCQ
before (2011-2012 (/1/12)) and after (2013-2014 (13/14)) the
introduction of a supplementary IPP to help explain membrane protein
topology. b Average scores on the same MCQs for two topics taught in
standard lecture format (2012, white bars) or using IPPs (2013, grey
bars). Statistically significant differences in the mean are indicated

knowledge acquired in lecture. Prior to 2012, the practice
problems were presented to students as a simple word docu-
ment, with hand-drawn answers provided at a later date. These
practice problems addressed pedigree construction, genetic
risk assessment, concordance, and the Hardy-Weinberg law.
As identical learning material had been provided to medical
students in two different formats, we developed a survey to
directly assess the efficacy of the two modes of content deliv-
ery. The survey was designed to assess general learning pref-
erence, content organization, the level of feedback provided,
level of confidence in the conceptual information, and skill
development (Table 1). No significant trends were observed
when assessing general learning preference (data not shown),
although this was perhaps surprising given generational trends
to observe that more students indicated a preference to work-
ing out problems on paper rather than using a computer.

For questions 2 to 5, each set of ANOVA analyses showed
significant differences for the means among the groups. How-
ever, we focused our analysis on pairwise differences between
M1/M2 and M3/M4 groups for each question as this provided
a more robust data set. The second question in the survey was
designed to assess student’s perception of breaking down the

practice problems into discrete sections on their ability to
complete the problem correctly (Table 1). Surprisingly, we
found no significant differences in the pairwise comparisons
between the M1/M2 and M3/M4 groups for any of these
questions (Fig. 3a). Our expectation was that students would
prefer the ability to work through the problems in discrete
manageable sections as afforded by the IPPs based on cogni-
tive load theory [21]. One possible reason for this difference
between our expectations and the survey results is that the
sample practice problem provided to students at the time of
the survey was a relatively simple problem (Fig. 1) and more
complex practice problems might reveal a more distinct ben-
efit in this regard. Alternatively, due to the time elapsed and
additional training that our M3 and M4 students have under-
gone since their first year experience, these students may have
a higher threshold for what would be considered a complex
genetic risk assessment problem, and thus, breaking down the
problem into sections would be of little benefit for these stu-
dents. In the future, we could perform a randomized control
trial using the two modes of content delivery to a matched set
of students to distinguish any effects of the sectioning on
learning,

Questions 3 and 5 of the survey assessed the efficacy of
feedback and the impact on student’s perceptions of their abil-
ity to apply knowledge. While there were no differences in
how students ranked feedback for the two methods of content
delivery, there was a significant improvement in the student’s
perceived ability to apply their knowledge when using the
IPPs. Specifically, the students felt that the IPPs were a better
modality to learn the appropriate tools to use when assessing
genetic inheritance risk (Fig. 3b). The case sent to the students
in advance of the survey relied heavily on the use of a Punnett
square for this analysis. Again, students perceived an en-
hanced ability to apply this tool when using the IPPs
(Fig. 3d). Perhaps of greater importance, the IPPs enhanced
students’ understanding of the underlying principles that were
applied in the practice problem (Fig. 3c). These principles
were presented in the IPP as a component of feedback with
the MCQs and thus represent a distinct advantage of the IPPs
versus the previous format. This finding is also consistent with
studies demonstrating that interactivity and feedback are im-
portant for enhanced learning outcomes for e-learning mod-
ules [1, 9].

Use of IPPs in Peer-to-Peer Learning IPPs have also been
developed for use in a peer-to-peer learning environment as a
component of a Medical Microbiology course for M2 medical
students. These laboratory sessions include IPPs with case
studies that incorporate both Microbiology and Pharmacology
and are designed for the students to work through in small
groups. In addition, physical specimens (i.e., agar plates,
slides, chemical sensitivity tests, etc.) relating to each case
study are provided for students to interpret. Importantly, the
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IPPs are made available after class for further review. Course
evaluations show that almost all of the students either agree of
strongly agree that this format (termed E-Labs) provided a
positive learning experience (97 %) and enhanced their under-
standing of both the clinical presentation (96 %) and treatment
of infectious disease (85 %, Table 2). Thus, the IPPs in the
context of the E-Labs make an effective tool to integrate var-
ious disciplines. In regard to a preference for the E-Labs

Table 2

versus the traditional wet lab structure, the majority of stu-
dents were neutral (49 %), although 41 % of the students
agreed or strongly agreed that the statement that the E-Labs
were superior. This supports the notion that at a minimum, the
E-Labs are a valuable supplement to the traditional wet labs.
In addition, a majority of students (82 %) felt that having the
physical specimens available enhanced their learning experi-
ence. This finding is consistent with studies that show a

Summary of responses to student evaluations regarding the use of IPPs in E-Labs

Question

Score® (average (SD)) Agree/strongly agree® (%)

The E-Labs were a positive learning experience

The E-Labs were superior to the traditional laboratory format
Having supplementary material with the E-Labs was helpful

The E-Lab cases had sufficient detail

The E-Lab cases had enough examples

Working up the E-Labs as a group enhanced my learning experience

The E-Lab format enhanced my understanding of the clinical presentation

The E-Lab format enhanced my understanding of the treatment of bacterial pathogens

432 (0.65) 97.1
3.40 (0.84) 412
4.22 (0.90) 82.4
4.32(0.70) 92.7
426 (0.68) 92.4
3.84(1.2) 70.6
4.35 (0.68) 95.6
4.13 (0.88) 85.1

#Scores were evaluated on a standard 5-point Likert scale with 5 corresponding to strongly agree and 1 to strongly disagree. The average score and

standard deviation are indicated for each question

® Percentage of students that responded with agree or strongly agree to the corresponding question

@ Springer



Med.Sci.Educ. (2016) 26:69-76

75

preference for blended learning experiences [4—6]. Finally, the
majority of students agreed that working through the E-Labs
as a group enhanced their learning experience, although stu-
dent comments included in the evaluations indicated that the
ability to review the E-Labs after the in-class session was also
useful as a study aid in preparation for exams.

Conclusions

It is clear that active learning and self-directed learning mo-
dalities play an important role in the retention and application
of knowledge in medical education. In addition, computer-
assisted learning (or e-learning) has become an increasingly
utilized tool in medical education and those that incorporate
active learning provide greater value to the learner. Various
other software programs are available to develop interactive
modules or exercises, but typically this software requires pro-
gramming or video-editing skills. Examples include Flash
programming and iBook development. Baatar and Piskurich
[23] developed an immune response interactive learning mod-
ule using Flash [22]. Flash animation requires a level of skill
not usually found in teaching faculty members, thus providing
a barrier to adoption. Another example is an iBook that can be
created with imaging, electronic flashcards, and questions to
be answered afterward [23]. There is a specialized level of
knowledge required to develop resources using iBook as with
other multimedia tools. Other software such as Articulate
Storyline can provide a financial barrier. With the IPPs, we
have been able to develop unique self-directed, interactive
learning modules to enhance medical education that are effi-
cient, effective, and easy to prepare with minimal barriers
to faculty adoption. To our knowledge, there has been
only one other report of the use of IPPs in medical edu-
cation [24]. While only 38 % of the students completed
all three modules in that study, there was a significant
increase in pre-test score vs. post-test score (p<0.001)
and high student rankings for utility, user friendliness,
and the overall learning experience. However, in that case,
the IPPs were simply used to deliver educational content
with a subsequent quiz on the content. In contrast, the IPP
modules we have developed are novel in that the MCQs
are incorporated into the module itself. Our data from
exam questions shows that the IPPs are at least as effec-
tive as lecture as a primary mode of content delivery and
can enhance student performance. Results of our survey
show significant increases in both comprehension of ma-
terial and the perception of students in their ability to
apply learning material. Finally, we show that IPPs can
be used in multiple formats (content delivery, supplemen-
tary material, and in peer-to-peer learning) to enhance the
student learning environment.
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