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Abstract

Students in undergraduate physiology courses often have difficulty understanding complex, multi-step processes, and
these concepts consume a large portion of class time. For this pilot study, it was hypothesized that online multimedia
resources may improve student performance in a high-risk population and reduce the in-class workload. A narrated
Camtasia video was created using PowerPoint slides of a cardiomyocyte action potential. Historically, student
performance on an exam essay for this topic was very poor following a traditional didactic lecture (class avg. of
64%). Replacement of lecture on the topic with an online video improved the class avg. on the essay by 6% and the
class median by 8% (n=198, 9 course sections). While this effect was not shown to be statistically significant
(p=0.1, Student’s t-test) due to a large variability in scores, it nonetheless indicated a general positive effect on
student performance. Furthermore, the video appeared to have a large influence on lower-performing students,
reducing the percentage of failing students on the essay from 38% with traditional lecture to 24% with access to the
video. Anonymous polling of the students indicated the video was helpful in visualizing the process and allowing
repetition of material. While creation of multimedia resources may require significant instructor preparation time,
these results suggest that the time invested may be advantageous to student success, particularly for at-risk students.
Keywords: multimedia, online learning, hybrid, science, undergraduate
1. Introduction
Today’s college professor faces a multitude of pressures from students, administration, and their colleagues. Modern
students of the millennial generation are requesting updates in technology and a movement to online resources. The
use of these resources must be reconciled with the “content pressure” from colleges and universities to ensure that
the appropriate topics are covered. This is further compounded by fellow professors emphasizing a need for active
learning techniques and alternative content delivery methods.
While each of these components is important to student success, they must also be balanced with the realities of
contact hours and course length. This leaves many professors wishing at the end of the semester for more time with
students. Consequently, faculty members are turning to supplemental online resources or hybrid courses in order to
reconcile the time constraints of modern classroom scheduling with outside pressures. Hybrid courses, also referred
to as blended courses, consist of a mixture of face-to-face class time with online lectures, assignments, discussions or
other web-based instructional technologies (Sowan & Jenkins, 2013). Hybrid courses have been shown to increase
student performance in physiology coursework by an average of one letter grade (McFarlin, 2008). Research
indicates that web-based learning increases student preparation, confidence, retention of knowledge, problem-solving
abilities, and engagement. (Chumley-Jones, Dobbie, & Alford, 2002; Goldberg, Haase, Shoukas, & Schramm, 2006;
Lin, Liang, & Tsai, 2012; Miller, Aiken, & Metz, “in press”). Furthermore, hybrid science classes have been
reported to foster a more positive experience than traditional lecture-based classes, with an improvement in
professor-student interactions and group dynamics (Riffell & Sibley, 2005). By moving some portions of the course
content online, more in-class time is available for discussion, problem-solving, experimentation, or review.
It is well documented that students have trouble progressing from basic rote memorization of scientific facts to
conceptual reasoning and problem-solving (Alberts, 2009). Through personal observation, this has been found to be
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particularly evident in an undergraduate two-semester Anatomy and Physiology course at Valencia College in
Orlando, FL. The first semester of Anatomy and Physiology covers systems such as the skeletal and muscular
systems that require a great deal of memorization and basic factual knowledge. As students progress to Anatomy and
Physiology II courses, there is a movement towards more advanced, multi-factorial concepts such as cardiac and
respiratory function. While some students adjust easily to the change, others have difficulty in visualizing the steps
of the processes, or in integrating how multiple variables can affect outcomes. Traditional didactic lectures are
limited in their ability to address these complicated issues in a timely fashion. Consequently, this puts a large burden
on the professors to allocate precious contact hours with struggling students to reinforce the material. Online
multimedia materials could thus be advantageous in that they allow the professor to reach many students, and allow
for necessary individual repetition of complex material.
During traditional lectures, professors often rely on static PowerPoint images or chalk-talks to present their materials.
While these resources are useful in some contexts, they may be poorly suited for dynamic physiological processes.
The large body of work by Richard Mayer has examined the usefulness of multimedia resources in the classroom in
his cognitive theory of multimedia learning (Mayer, 2009). Videos displaying animations may be advantageous, due
to the ability to use visual cues in order to highlight specific components, or to slow down or speed up various
processes to emphasize concepts (Hegarty, 2004). Furthermore, multimedia resources can be used to visualize
processes that are invisible to the naked eye (Ainsworth & Van Labeke, 2004). Indeed, a meta-analysis of 26 studies
indicated that students taught using instructional animations, as compared to static pictures, were better able to
produce mental models, complete problem-solving tasks, and retain information (Hoffler & Leutner, 2007).
Several studies have been completed on the effectiveness of web-based teaching methods, with mixed results. Some
studies have found no performance gains in web-based instruction versus traditional lecture, while others have
shown significant improvement (Goldberg & McKhann, 2000; McFarlin, 2008; Reed, 2003; Woo & Kimmick, 2000).
Review papers of the topic have found that web-based learning results in similar performance gains to other
educational methods (Chumley-Jones et al., 2002). Interestingly, while previous studies have focused on the overall
effects of using online resources, few studies have focused on which types of students may benefit the most, or the
least, from these activities. Different classroom student makeups could thus be a major factor influencing the varying
results found in the literature.
At-risk students who are unsuccessful in the typical classroom setting may be more motivated, or comfortable,
seeking online help in the course. Several different learner characteristics have been identified as at-risk in the
scientific literature. There may be specific academic challenges for undergraduate students who are of a
non-traditional age, from racial or ethnic minorities, speak English as a second language, from low socioeconomic
status, or have learning disabilities (Duran, 1989; Ely, 1997; Heisserer & Parette, 2002). A review paper completed
by the U.S. Department of Education in 2002 found that computer-assisted instruction did result in an improvement
in the performance of at-risk students in the K-12 population (Office of Educational Research and Improvement,
2002). Students performing at a high level may already have established appropriate learning techniques and be
unaffected by accessory methods. On the other hand, some evidence suggests that students in higher-level
undergraduate classes benefit more from hybrid coursework than freshman. Riffell and Sibley found that freshman
students enrolled in hybrid courses versus traditional courses scored the same on post-tests, while upperclassmen had
higher performance levels in the hybrid environment (2005). Researchers have hypothesized that more established
students may appreciate the flexible schedule of online learning, while freshman may not possess the self-discipline
needed to succeed in online learning (Riffell & Sibley 2005; Sullivan, 2001).
It has been shown that the learning styles of at-risk students differ significantly from those of successful students
(Drysdale, Ross, & Schulz, 2001). The highly visual nature of web-based learning could therefore be more beneficial
to some groups of students than others. Thus, it appears that the use of web-based instructional methods should
undergo further examination, particularly on the effect that it might have on at-risk students at the undergraduate
level. In many community colleges with open admission policies, a large majority of the student population could be
classified as at-risk. Based on this unique student population, the goal of this pilot study was to initially determine
whether the use of web-based learning was beneficial or harmful to the performance of students who were largely in
an at-risk population. It was hypothesized that the use of novel multimedia resources may improve the performance
of a high-risk population of students.
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2. Methods
2.1 Participants
This study was completed at Valencia College, a large, southern, community-based college with approximately
60,000 enrolled students. At this institution, the diverse student body includes a large number of non-traditional
students with busy work and home schedules, students with learning disabilities, and students for which English is
their second language. In the school year in which this study was completed, 31% of the student population was
reported as Caucasian and 42% of students were reported as Hispanic (Valencia, 2012). Furthermore, 54% of
students enrolled for credit were 21 or more years of age (Valencia, 2012). Of the entering students, 74% were
required to take preparation-level courses before they were ready for college-level courses (Valencia, 2010). Thus,
the population of students at this college could be classified as highly “at-risk” due to their makeup.
The study took place in Anatomy and Physiology II courses, a four-credit hour class that consisted of three hours of
didactic lectures per week and three hours of laboratory per week. All students enrolled in the courses had
successfully passed Anatomy and Physiology I with a minimum passing grade of C, and class sizes ranged from
15-24 students. This study was completed over the span of four semesters according to the general setup shown in
Figure 1. As it was hypothesized that the online videos would be beneficial for at-risk students, a posttest
quasi-experimental design was necessary. In this design, current students were taught a portion of the class content
using online videos, and their performance was compared to past students who were taught the information using
traditional lectures methods. Using this design, it was important to determine that the analyzed groups were similar
in makeup.

Figure 1. General Setup for the Study
In the experimental group, students were taught about a cardiomyocyte action potential in their Anatomy and
Physiology course using online videos. After viewing the videos, student performance was evaluated using an exam
essay. The experimental group consisted of three different sections of the course (n=54) in the Summer 2011
semester. Class sizes in the experimental group ranged from 15-22 students, with an average of 18 students per class.
The performance of the students taught using online videos was compared to the essay performance in past semesters
of the course taught using a traditional didactic lecture. This comparison group (n=123) consisted of six different
sections of the course from Summer 2010 through Spring 2011. Class sizes in the comparison group ranged from
18-24 students, with an average of 22 students per class.
In the experimental group, 23% of the participants were males and 77% females. Of these students, 47% reported as
Hispanic. In the comparison group 19% of the participants were males and 81% females. Of these students, 49%
reported as Hispanic. The high percentage of female participants in upper-level science courses was characteristic of
Valencia College due to the high number of female Pre-Nursing students. There were no significant differences
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between the experimental and comparison groups in terms of student age (average of 22 years) or entering GPA from
Anatomy & Physiology I coursework (average of 2.9). The same instructor taught all of the sections in both the
experimental and comparison groups, and the curricula was the same for all sections.
2.2 Instructional Materials
An animation of the cardiomyocyte action potential was created using PowerPoint. This topic was selected for the
study because, historically, student performance on an exam essay for the topic was poor following a traditional
didactic lecture (class average of 64%). The traditional didactic lecture, which lasted approximately 30 minutes,
utilized a static PowerPoint image that provided an overview of the cardiomyocyte action potential. In reality, this
process is very dynamic, with multiple ions undergoing influx and efflux through the plasma membrane during
different phases. Thus, the highly conceptual nature of the topic made it well suited to a multimedia format.
The original PowerPoint slide was used to create a series of animations which displayed the ions involved in the
cardiomyocyte action potential, and their direction of movement during each of the phases. These animations were
then recorded and narrated in the program Camtasia 7.0 (http://www.techsmith.com/camtasia.html) using the slide
show feature. Camtasia is an inexpensive, screen-recording software program which can be used to easily create
flash videos (Blevins & Elton, 2009; Cox, 2004). Two separate videos were created, which were approximately five
minutes in duration each. Two videos were created due to students’ preference for short video files, and to provide
easily downloadable file sizes (Marks, 2004). The cardiomyocyte videos were closed-captioned and ADA-compliant
for students with special needs. The videos used in this study were published for use by other institutions in the
American Physiological Society Archive of Teaching Resources (Miller, 2012a; Miller, 2012b).
2.3 Research Design
Students in the treatment group were not given an in-class lecture on the cardiomyocyte action potential, and their
only exposure to this material was via the posted videos or through reading their textbook. The remaining material on
the unit exam was covered via a traditional didactic lecture. The cardiomyocyte action potential videos were posted
online on the classroom Blackboard website and students were encouraged to access the videos outside of class to
obtain the material. The videos were posted as a flash file and the commonly-used Adobe flash player can be
downloaded for free online (www.adobe.com). At the beginning of the semester, all students were given an
orientation to Blackboard, and 100% of students had utilized the site to access class notes, announcements, grades,
etc. prior to the posting of the videos. In the experimental groups, an announcement was made that a portion of the
class content would be available in video form. This was also transmitted via the daily assignments list posted online,
as well as a Blackboard announcement. Students were given unlimited access to the videos and online tracking
verified that all students viewed the videos at least once over the course of the unit. On average, students accessed
the video three times prior to the unit exam. Tracking was necessary to ensure that students were correctly reporting
their usage, as discrepancies of up to 20% have been noted in the literature (Chumley-Jones et al., 2002).
2.4 Assessment
Students were tested on the material via a unit exam essay (shown in Figure 2), and their responses were graded
using a professor-designed rubric (shown in Figure 3). The rubric was not disclosed to students during the exam.
The essay comprised 10% of a unit exam covering the cardiovascular and immune systems, which also included
multiple choice questions, fill-in-the blank questions, and a second essay on a different topic that varied by classes.
Historical data from the cardiomyocyte essay in six sections of the course given traditional didactic lectures was
compared with the essay performance from three sections of the course which were given access to the videos. In all
sections of the class (treatment and comparison) the cardiomyocyte action potential was clearly defined as an
important topic through a study guide emphasizing that it was a likely essay topic for the exam. The cardiomyocyte
action potential was listed with two other potential essay topics, and it was announced in class and on the study guide
that students must be able to thoroughly describe these content areas for success on the unit exam. For consistency,
the same professor gave each of the lectures and created the narrations and content for the videos.
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Figure 2. Essay Prompt for the Unit Exam: All students were given the same essay prompt, and responses were
graded by a rubric

Figure 3. Professor-Designed Rubric for the Essay: All student responses were graded using the same rubric
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2.5 Data Analysis
The same essay prompt (shown in Figure 2) was given to the treatment and comparison groups. Students were given
an opportunity to review the exam after it was graded, but all copies of the test were collected by the professor and
were not returned to students to protect against student distribution to other sections or semesters of classes.
Following the exam, students given access to the video were asked to complete a 15 question anonymous survey
which analyzed their preferred learning strategies, identified any technological issues, and analyzed the effectiveness
of the videos. The survey questions consisted of a mixture of forced true/false (yes/no), multiple choice, Likert scale,
and open-ended text responses. The survey was administered online using the Qualtrics program
(http://www.qualtrics.com), through a link to the classroom Blackboard site.
Statistical analyses were performed using Origin software version 8.1 (OriginLab, Northampton, MA). The mean
exam scores were compared for statistical significance with p<.05 using the Student’s t-test. This study has been
approved through an expedited review from the Institutional Review Board by Valencia College, IRB # 12-0027.
3. Results
Replacement of lecture with the online videos appeared to have a general positive effect on class performance by
increasing the class average by 6% and the class median by 8% on the essay portion of the exam (Figure 4). The
class average on the essay with traditional lecture was 64% (SD 26, n=123), and this increased in the treatment group
to 71% (SD 24, n=54). While this effect was not shown to be statistically significant due to large variance in student
scores (p=0.1, Student’s t-test), it nonetheless indicated a general positive effect on overall student performance. The
median also increased from 67% in the comparison group to 75% in the treatment group.

Figure 4. The Effects of Multimedia Videos on Student Success in Anatomy & Physiology II Courses: Box plot of
student percentages on the essay portion of the exam, n=54-123
These improvements were not seen among the top-performing students, who scored highly regardless of the delivery
method. The 90th percentile of students given traditional lecture versus the video decreased (100% vs. 94%), but
there was no change in the top quartile (identical values of 89%). On the other hand, differences were identified in
the poorly performing students in the bottom quartile and 10th percentile. The bottom quartile scores of students
exposed to traditional lecture was only 44%, and this was raised to a passing score of 60% when given video access.
The 10th percentile also displayed an improvement from scores of 25% with traditional lecture to 36% among those
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students given access to the videos.
In past semesters, which were given a traditional lecture, the overall percentage of failing students on the essay
ranged from 31-48% of the class, with an average in the classes of a 38% failure rate on the essay (Figure 5A,
n=123). This failure rate was reduced to 24% in the semesters of classes that were given access to the online videos
(Figure 5B, n=54). Thus, there was a general shift in student performance on the essay towards higher letter grades.
There were no significant differences between the treatment and comparison groups on the remaining portions of the
unit exam, or in their final letter grades in the course (data not shown, Student’s t-test).

Figure 5. Student Letter Grades on the Unit Exam Essay: Using the students’ percentage points on the exam essay,
letter grades were assigned: 90-100%=A, 80-89%=B, 70-79%=C, 60-69%=D, and <60%=F. Scores were rounded up
from .5-.9 to the next whole number. The percentage of students achieving each of the letter grades was then
determined. Panel A: Results of 6 sections of students, n=123, who were given a traditional didactic lecture and not
given access to the videos Panel B: Results of 3 sections of classes, n=54, who were given access to the videos

Figure 6. Anonymous Student Survey Results: Response to the prompt: “Through which of the following methods
do you feel that you learn challenging Physiology concepts most effectively?” Students were asked to select from the
four answer choices listed above. n=49
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Students in the treatment group were asked to analyze their learning methods on an anonymous survey (Figure 6).
Out of the 54 students in the treatment group, 49 students completed the anonymous Qualtrics survey. When
responding to a forced prompt on the survey, a large number of the responding students indicated that they learned
challenging physiology concepts most effectively through either listening to a lecture (33%) or watching a video
(37%). A smaller number of students indicated that they learned physiology concepts most effectively by performing
a laboratory (16%) or reading the textbook (12%). When students were further prompted to choose between the top
two responses, traditional lecture or online videos, 42 out of 49 students indicated that they would prefer a
combination of the two teaching styles (Figure 7).

Figure 7. Anonymous Student Survey Results: Response to the prompt: “Which would be your preferred method of
learning challenging physiological concepts?” Students were asked to select “traditional lecture,” “online videos,”
or “both of the above.” n=49
Students not only indicated that the videos were a method by which they learned effectively, but they also recognized
an educational benefit of the method. Over 85% of students indicated that they felt the online videos improved their
understanding of the physiological process (Figure 8, n=49), and 84% of the students felt that the videos improved
their performance on the unit exam (data not shown, n=49).

Figure 8. Anonymous Student Survey Results: Response to the prompt: “Do you feel that the online videos
improved your understanding of the physiological process” Students were asked to select “yes” or “no.” n=49
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When students were asked which aspect of the online videos they found to be most helpful, a large percentage of
students indicated the ability to visualize the physiological process (49%), and to pause and revisit the material as
needed (35%) (Figure 9). The students reported that they did access the video multiple times, with 80% of the
students accessing the video at least twice, and 11 students out of 49 viewing the videos 4 or more times (data not
shown). On average, each student accessed the video 3 times (data not shown). This was confirmed through online
tracking on the blackboard website.

Figure 9. Anonymous Student Survey Results: Response to the prompt: “Which aspect of the online videos did you
find most helpful?” Students were asked to select from the four answer choices listed above. n=49
The students also positively evaluated the cardiomyocyte video on the anonymous evaluation forms. Students were
asked to respond to the open-ended prompt: “Do you have any further suggestions or comments regarding the use of
online videos in this course?” Some selected student comments include:


"The videos are good because you get a combination of the visual and the detailed description. You may
think you know the concept but not know exactly how to explain it. The videos help with that."



"A great way to review difficult concepts in our time and repeatedly as needed."



"For visual learners, such as myself, I do not always grasp the concepts by lecture alone. I need to SEE
what is actually happening in order to fully understand."

4. Discussion
The drive towards online education has been increasingly rapidly over the past decade, particularly in community
colleges. In 2011, online enrollment in community colleges increased by 8.2%, while overall enrollment remained
constant (Crawford & Persaud, 2013). The traditional student entering college, as a digital native, has grown up with
computers, smart phones, tablets, and online videos (Levine & Dean, 2012). Given the prevalence of these tools in
their daily lives, it would seem to be a natural progression to the entry of technology into the modern classroom.
However, it may be difficult for faculty to ascertain whether a teaching method is preferred by students versus
whether a given teaching tool results in better mastery of the material. Ideally, the two would be one and the same,
and that is indeed what was found in this study. Students anonymously self-reported that a larger percentage learned
most effectively through online videos compared to other learning techniques (37%), and this tool also appeared to
increase at-risk student performance. There was a slight improvement in the overall average for an exam essay by 6%
when using the online videos, but there were drastic improvements in student scores in the bottom quartile by 15%.
While the results of the study were not statistically significant, there was a trend that indicated an improvement in the
scores. Although it was not possible given the context of this study, a larger sample size could have potentially
increased the power of the statistics to a significant level. However, it must also be recognized that the large
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variability in student exam performance, throughout the college, makes statistical significance a difficult goal to
achieve.
There were no significant differences seen between the treatment and comparison groups on the other portions of the
unit exam, or in their final grades in the course. This is not surprising given the small contribution of the essay
toward the student’s overall grade (1% of final letter grade in the course). Thus, although the intervention in this pilot
study was brief, the trend of increased performance in the bottom quartile of students suggests that online multimedia
resources may have a positive influence on student performance and should be further investigated.
On the other hand, it is always a concern that a new teaching tool may be harmful to students who have already
successfully mastered the typical classroom methods. In this study, there was a drop in the 90th percentile of students
when the videos were used (6%), but no change at all in the upper quartile between the two methods. It would be
useful in future studies to continue examining both ends of the performance spectrum, to ensure that the top students
are not harmed by accessory learning methods. This could become particularly important as the magnitude of online
content is increased in the course.
Given the busy schedule of today’s professor, it is also imperative to analyze the benefits of a new educational
technique versus the time invested in its conception and execution. While the creation of Camtasia videos can be
time-consuming for the professor, there are numerous benefits to creating custom videos for use in the classroom.
Perhaps most importantly, the creation of novel Camtasia videos allows the professor to control video content. On
the survey, 84% of the polled students indicated that they accessed outside physiological videos sources using search
engines in their science courses (data not shown). These videos may contain outdated or inaccurate information, or
may not be at an appropriate content level. By carefully designing their own videos, faculty members are able to
emphasize the important concepts needed for success in the course.
It could be hypothesized that the increased student success when given online videos was due to an increased
time-on-task. However, the duration of the videos was approximately ten minutes, and each student accessed them an
average of three times for a total of 30 minutes on task. It typically requires around 30 minutes of class time in which
to lecture on this topic due to the need for repetition, student questions, and attempts to explain a static figure in a
dynamic fashion. Consequently, the duration of the two methods, and thus the time-on-task was approximately equal.
It is possible, however, that students were more motivated to study outside of the class on the topic, which should be
examined in future studies. The 30 minutes of valuable class time, which was saved by moving the class content
online, could be used for collaborative, active, or other important learning methods in the classroom.
While this study focused on the complete replacement of didactic lecture with an online video, there may be
additional advantages to creating complementary in-class activities to reinforce the video content. Of the polled
students, 86% indicated that they preferred a combination of traditional lecture and videos when learning challenging
physiological concepts. The presentation of lecture material in an online format could be useful in the “flipped
classroom” curricular approach currently being employed at many schools. Students are given the opportunity to
access key content information online, outside of class time, and class meetings are used for problem-solving,
discussions, or other applications of the material. The “flipped” classroom format has been indicated to improve the
quality of student learning, as well as student engagement in the classroom (Bates & Galloway, 2012; Miller,
McNear, & Metz, 2013). Research from the National Center for Education Statistics indicates that, even at the K-12
level, engagement in the course material and with peers in the classroom is important for the success of at-risk
students (Finn, 1993).
Although this study showed an improvement in the number of failing students, it did not identify which groups of
at-risk students benefited the most. Online materials could have different benefits and risks for non-traditional
students, student with learning or mental disabilities, or students for which English is not their first language. The
highly visual nature of the videos may have specific benefits for some groups of at-risk students versus others.
Indeed, studies have shown different learning styles among racial and ethnic groups, generations of students, and
mildly handicapped students (Brunner & Majewski, 1990; Dunn & Griggs, 1990; Oblinger, 2003). These different
learning preferences, along with other factors, could influence the impact that online videos have on student
performance.
For example, non-traditional students may prefer the online format because it allows them to incorporate classroom
material into their hectic schedules (Dykman & Davis, 2008). These students may exhibit higher rates of absenteeism,
and thus a hybrid format may be beneficial to their needs. However, non-traditional students may also lack basic
computer skills, thus computer-training should be available to those who require it.
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At-risk students with learning or mental disabilities often have difficulty succeeding in the traditional classroom
setting. The Camtasia program incorporates Universal Design concepts through the use of closed-captioning and
other ADA compliant programming. Camtasia videos have been shown in the literature to assist students with
learning disabilities with their note-taking skills, study habits, and test performance (Graves & Plant, 2009).
For those students who do not speak English as their first language, the videos may permit them to immerse
themselves in complicated scientific vocabulary, or allow them to visualize the processes for which they would have
difficulty understanding from written explanations. In language acquisition courses, online content has been shown
to increase student confidence, motivation, and interaction with their classmates and instructor (Lai & Kritsonis,
2006). On the other hand, there are some concerns that online formats may prevent students from properly
developing communication skills of reading and writing (Kimmel & Deek, 1996). Given that the exam format for
this study was an essay, our results do not suggest that the online videos resulted in a drop in written communication
skills.
Thus, there are many reasons why individual groups of at-risk students may benefit from the use of multimedia
resources. Work by Richard Mayer on multimedia learning suggests that there may general benefits for any student
who has low prior knowledge of a specific concept (1997). While all students in this study had successfully passed
an Anatomy and Physiology I course, there may be differences in their exposure to, and comprehension of more
advanced course concepts. Additionally, higher performing students may be able to mentally produce their own
animations from static diagrams, reducing the necessity of multimedia resources (Hegarty, Kriz, & Cate, 2003).
5. Conclusion
In conclusion, the results of this pilot study suggest that the replacement of traditional lectures with online videos,
when done carefully and deliberately, has potential benefits for high-risk student populations. The realm of online
learning may provide an avenue to reach low-performing students and mitigate the poor retention rates seen for
at-risk students in colleges and universities across the nation. While many institutions are exploring remedial
programs and other academic support systems for struggling students, online learning modules could be created to
reach a large number of students with low cost expenditures. By providing students with a safe, online environment
in which to explore complex topics, we may not only improve student scores, but also develop the lifelong learning
skills necessary to succeed in the modern world. It is worth noting that many other qualitative benefits were observed
during the study, including: an increase in student confidence with the material, an improved use of the terminology,
and more positive interactions between the professor and students. These results indicate a need to further examine
the implementation of web-based learning, with particular focus on the benefits or risks for specific groups of at-risk
students.
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