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D

ental students today belong to a new generation. One of the most striking generational
differences is that access to and use of technology are simply assumed by today’s learners. Researchers in education have found that while earlier
generations were introduced to information through
print, this new generation takes a digital path.1 Having grown up with computers, the Internet, online
resources, and instantaneous access, this generation
of learners has never known life without computers.
They are often called the Net Generation, Generation Y, or Generation Me. These students deal with
information differently than those in previous generations: they have hypertext minds, and they leap
around.2 They are more visually literate and able to
move between the real and virtual instantaneously.3
For this student generation, a linear thought process
is much less common than the ability to piece information together from multiple sources.1 Researchers
who study this generation of students believe they
are intuitive visual communicators, able to shift their
attention rapidly from one task to another. They are
able to respond quickly and expect rapid responses in
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return.2 Researchers report these students have little
desire to read long texts4 and are more comfortable in
image-rich environments than with text.1 They have
been described as computer-savvy individuals who
spend more time playing video games than reading.5
They have come to expect multimedia, experiential,
and interactive learning systems.6 These students
expect interactivity as an important component of
instruction, and technology makes it possible to
provide them with anytime, anywhere content and
interaction. Computer-based instruction has been
found to increase the level of interactivity, which
appeals to the new generation of students, over that
of the traditional lecture.2
Computers and technology are increasingly being used in dental education. E-learning is the use of
technologies to enhance knowledge and performance.
E-learning technologies offer learners control over
content, learning sequence, pace of learning, time,
and often media, allowing them to tailor their experiences to meet their personal learning objectives.7
It has become an interactive medium that can be
delivered to meet the educational needs of students.
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This has been referred to as electronic curriculum or
e-curriculum. In dental education, researchers have
found a high level of interest among dental educators
in e-curriculum8 and that virtually all North American dental schools have made substantial efforts to
provide instructional technology resources to their
faculties.9 Progress has been made in evaluating
the structure of current dental education curricula,10
and educational research supports new methodology
focusing on enhancing student learning. The incorporation of e-learning into the dental curriculum has
been strongly encouraged by the American Dental
Education Association (ADEA) with the specific
recommendation “to use information technology to
enrich student learning.”8 In 2005, Pyle et al. called
for educators to become the change agents to advance
and sustain curricular reform and innovation.11 In a
time of curriculum consolidation and change, there
is an effort to increase utilization of computer-based
and web-based information technology in dental
curricula.12
When tools of e-learning in dental education
were evaluated, a summative report of their benefits
and implementation in dental education was issued,
concluding that “technology can overcome many
of the barriers to learning. Information technology
will always remain exciting as it is always changing,
and the users, whether dental students, educators,
or patients, are like chameleons adapting to the
ever-changing landscape.”13 Growing support for
and adoption of e-learning in dental education have
been reported.14-19
A study surveying dental students found they
had high expectations for digital learning formats
as additional educational resources.20 Another, more
recent study found that dental students viewed elearning as a right rather than a privilege.21 Many
believe that the addition of innovative online courses
into dental curricula will provide asynchronous material and actively engage students. Current examples
of dental e-curricula include modules on dental
terminology,22 implantology,23 oral manifestations of
systemic illnesses,24 geriatric dental care,25 tobacco
cessation,26 diagnosis and treatment planning,27,28
clinical simulations depicting many disciplines,29-40
orthodontics, 41-46 anatomy,47,48 dental morphology,49-51
pharmacology,52 radiology,53,54 histology,55 and distance education programs.56,57 Tan et al.53 described
an e-learning course that totally replaced a face-toface radiological sciences course and reported no
compromise in learning outcomes. A recent study
also found interactive e-learning through a dental
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video game was as good as a passive, noninteractive
way of teaching and that the students preferred this
method of instruction over conventional lectures.58
These findings support the idea that students learn
equally well by either method and, most times,
prefer e-learning. Gadbury-Amyot and Brockman52
reported a totally online pharmacology course that
provided a positive learning experience with enhanced learning outcomes. Recently, Miller et al.59
found that two online training modules on tobacco
and oral health risks and alcohol screening resulted
in meaningful improvement in dental students’
knowledge of tobacco and alcohol use as well as
alcohol screening methods. Additionally, it has been
reported that online tests for self-study purposes have
been recommended and shown to improve students’
motivation.60 Jackson et al.61 reported that online
self-tests may correlate with effective learning in
predoctoral dental education.
The introduction of interactivity in dental education e-learning platforms has been gaining momentum
for increasing student engagement and motivation.
Recently, Salajan and Mount62 described the process
of developing innovative courses that have online
interactive applications, such as the Oral Pathology
Virtual Microscope and Virtual Cavity Preparations,
to engage online learners. Students’ desires for more
interactive tools such as 3D graphics, audio, video
lectures, and simulation were also reported in that
study. Gwozdek et al.63 presented a framework of
strategies for development of online course design,
based on models and best practices. Teaching in an
online environment requires a specialized educational
methodology, technology, and delivery.
At the University of Pennsylvania, an Interactive Media Initiative was initiated with a universitywide call from the Wharton School to study the
impact of electronic, interactive media on education.
Our study design resulted from this initiative. Our
study drew upon the literature showing an increase
in e-learning use in dental education, with equivalent
or better learning outcomes and high acceptance
from students. Our goal was to develop a unique,
totally independent, interactive e-learning media
module to positively engage dental students and teach
foundational knowledge in dental morphology. The
proposal was submitted to the Wharton Interactive
Media Initiative in 2009, and the project received a
Wharton Interactive Media Initiative grant to study
the impact of electronic media and training methods
on measures of performance at the individual level.
The purposes of this study were to determine the rela-
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tionship between use of a unique, totally independent,
interactive two- and three-dimensional e-learning
module and parameters depicting success in learning
dental morphology and to measure student perception
of the materials’ value in the learning experience.
Dental morphology education at the University
of Pennsylvania was revised five years ago. It is a
two-part process and involves e-learning resources.
Dental Morphology, Part 1 occurs early in the predoctoral education (D1, first semester). Preclinical students are introduced to a comprehensive foundational
knowledge dental morphology module that is part of
a larger preventive and restorative sciences course.
In this module, knowledge is tested with a written
examination. Dental Morphology, Part 2 occurs in the
D1 second semester during the operative dentistry
course. More complex aspects of the dentition and
comparisons between teeth and arches are covered
at this stage. Concurrent with the foundational
knowledge presented, there are psychomotor skill
components. Students participate in add-on waxing
exercises of several teeth in the preclinical laboratory
and have small-group discussion/review sessions
with study models of the adult dentition. Knowledge
is tested with a combination of a written examination,
a waxing exercise practical examination, and a tooth
identification practical examination.
At the same time, The 3D Interactive Tooth
Atlas, Version 4 (eHuman, Portola Valley, CA) was
added as a major curriculum resource to augment
the traditional didactic information. Each student
receives this DVD in the beginning of their D1 year
as a recommended resource for Dental Morphology, Parts 1 and 2. It is also used in the operative
dentistry, endodontics, pedodontics, and radiology
courses. This tooth atlas is an interactive dental
morphology/anatomy computer program. Students
are meant to access the large database of information regarding tooth morphology, view interactive
two- and three-dimensional models, take self-paced
quizzes at any time, and obtain instant information.
This e-learning component of the dental morphology
module has been increasing in its popularity and use
by the students each year. Currently, this resource is
integrated into the curriculum of twenty-three dental schools in North America, fifty-five U.S. dental
hygiene programs, and four dental schools abroad.64
When this program was thoroughly reviewed, the
reviewers concluded it “can be extremely valuable
as a learning tool.”49 Since this revised method of
dental anatomy education was introduced, it has
been very successful in meeting the stated objectives,
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providing essential foundational knowledge related
to tooth morphology in a meaningful way by which
students are prepared for future applications in subsequent courses and for the National Board Dental
Examination (NBDE) Part I.
In this study, we wanted to analyze the introduction of a unique, totally independent, interactive
e-learning module meant to positively engage dental
students and teach foundational knowledge during Dental Morphology, Part 1. The foundational
knowledge would be delivered through the use of
online, independent, interactive media only. This new
module would totally replace the traditional classroom teaching of the topic. We hypothesized that 1)
preclinical dental students can learn dental morphology independently and efficiently, utilizing the two
and three-dimensional interactive media outside the
traditional classroom and 2) an interactive e-learning
package would positively engage the students.

The e-Learning Module
The newest version of The 3D Interactive Tooth
Atlas, Version 6.4 (PC- and Mac-compatible) was
used for this study. It includes an easily accessible,
password-protected, online version that is part of the
purchase and registration of the DVD. Online access
remedies any previous versions’ possible hardware/
software incompatibility issues by allowing full use
of the program online.
Lecture videos were created with the use of
Camtasia, Version 7 (TechSmith, Okemos, MI), a
screen recording software program that produces
high-quality video presentations and demonstrations in a multitude of formats. It is compatible with
PC or Mac. Existing lectures in PowerPoint 2007
(Microsoft Corp., Redmond, WA) were converted
into interactive lecture videos. Camtasia has been
used by the principal investigator (PI) of the project
over the years for several classes in which operative
procedure videos were created. Once installed, Camtasia becomes an Add-In within PowerPoint for easy
access and use. A simple USB-attached microphone
allows clear narration. Pop-up callouts and highlights were easily embedded into the slides during
the video editing process. In addition, interactive
quizzes were incorporated at desired points during
the video, so that students can independently test
their knowledge. Importantly, if a student answers
a quiz question incorrectly, the interactive quizzes
were programmed to take the video back to the cor-
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responding informational slide for review, rather than
advance the lecture. The final lecture video products
were easily downloaded to the school’s learning
management system course. Quiz results may also
be programmed to be reported to the course director
or not. For the purpose of this study, the quiz results
were not reported to the PI, but the quizzes were intended to let the student gauge his or her own learning
progress throughout the module. The lecture videos
were created using the same materials presented for
the traditional course lectures and the same lecturer,
making the content consistent between the study
group and control group. The length of the traditional
course lectures and the length of the narrated lecture
videos were designed to be the same.
The online course management system Blackboard Learning System, Version 9 (Blackboard
Inc., Washington, DC) was the university’s online
course management system at the time of the study.
Within Blackboard, a specific dental morphology
independent study course was created. Access to the
course was password-protected, and only the enrolled
students in the study group were given the password.
Collaboration and discussion boards were enabled to
engage interaction between individuals within the
group, as well as between participants and the PI at
any time during the module. Lecture videos were
downloaded into the course in a format that did not
allow them to be copied.
Course materials including syllabus, course objectives, individual lecture outlines, learning objectives with referenced sections of the tooth atlas, and
worksheets were made available to the study group
through Blackboard. The Kilgore B-3 305 (Kilgore,
Inc., Coldwater, MI) model of adult human dentition
was given to each student.

Methods
This was a prospective study conducted in
2010. The research proposal was approved by the
University of Pennsylvania’s Institutional Review
Board. To test hypothesis 1, the 2010 D1 class (N=120
students) were involved their first semester during
their Dental Morphology, Part 1 course, a module
within a larger preventive and restorative dentistry
parent course. After an informational recruitment
session, informed consent was obtained from 118
volunteers who wished to participate in the study
(98.3 percent of the D1 class). A blind, randomly
selected group of 30 percent of the students was
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selected to participate (N=35). The study group was
known as the +Independent, Interactive Digital Media
group (+IIDM). The remaining 70 percent of students
(N=85) signed an informed consent to become the
control group, known as the -Independent, Interactive Digital Media group (-IIDM). The groups were
balanced on the basis of gender and age distribution.
The -IIDM students experienced the current,
traditional, lecture-based dental morphology course
module. They were given the course syllabus handout and The 3D Interactive Tooth Atlas DVD as a
primary resource to be used in conjunction with
the lecture materials. Use of the tooth atlas was not
mandated or monitored, but its use was very strongly
recommended. The Kilgore B-3 305 study model of
human dentition was another traditional resource
provided and expected to be brought to the lectures.
The -IIDM group attended the four traditional lectures (6.5 hours of lectures plus time for questions;
eight hours total). Lecture topics included tooth development, terminology, nomenclature, anatomical
landmarks, and distinguishing characteristics of each
tooth. Each lecture topic had printed specific outlines
and objectives given at the time of the lecture. This
group was advised to take notes during the lectures.
Students were given blank individual tooth summary
table worksheets to be completed during the lecture
during the note-taking process. The course syllabus,
lecture outlines and objectives, and worksheets were
identical to the study group’s e-versions. Each lecture
outline advised students to access specific sections of
The 3D Interactive Tooth Atlas DVD on their computer or online to augment the lectures. The students
were advised to access the tooth atlas for a suggested
minimum of eight to ten hours during the module.
Members of the -IIDM group were given online
(Blackboard) access to PDF lecture handouts created
with Adobe Acrobat 9 Pro (Adobe Systems Inc., San
Jose, CA) before each lecture, as this was established
course protocol. Finally, summary quizzes for each
tooth, designed to test students’ knowledge on key
characteristics, were available to the students online
(Blackboard) but were not mandated.
The +IIDM group was given the independent,
interactive study materials for the Dental Morphology, Part 1 course module, as previously described.
The material content was identical to that presented
to the -IIDM group, differing only in the avenue
of delivery. This group signed a document outlining copyright protocol of the lecture videos with
specification not to share the materials with anyone
outside of the group. The group did not attend any
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traditional classroom lectures during the module, but
were instructed to spend at least one to two hours on
each online, narrated, interactive lecture video. There
was a private, seminar room with Internet access
and sufficient power for laptops reserved during the
traditional lecture times as an option for interested
students to view the lecture videos at the same time.
This was offered as an option, if anyone wished to
be in synchrony with the rest of the class. No faculty
intervention was provided. Use of this time was not
mandated, and students could access online lecture
videos at any time. It was suggested that students
take notes while viewing the lectures, fill out the
individual tooth summary table worksheets, and
take the interactive quizzes within each lecture. The
students were also advised to access The 3D Interactive Tooth Atlas DVD on their computer or online and
to complete selected sections corresponding to the
lectures for a suggested total of eight to ten hours.
At the end of the module, a written examination testing relevant didactic knowledge was given
to all the students. The examination was compiled of
subtle variations on multiple-choice questions from
several years of previous dental morphology sections
of the NBDE Part I. These tests and questions were
originally validated. No access to this course’s previous tests was made available. The +IIDM group was
given the date and time to meet to take the examination together with the -IIDM group. The examination
consisted of twenty-seven multiple-choice questions
with three more difficult questions designated as
extra credit bonus points of equal value. There was
a potential, if all the answers given were correct, to
achieve a score of 111 with the extra credit points
included. Each exam was identified only by student
number and was graded by Scantron. The outcome of
this examination was categorized as pass/fail and not
numerically tabulated into the overall parent preventive and restorative sciences final course grade. This
was to avoid any conflict between participation and
nonparticipation in the study and final grade outcome
for the parent course. Re-examination, when necessary, was given prior to study group subject identification and during the remaining time of the parent
course. Data reports of the examination grades for
both groups were tabulated, evaluated, and compared
only after the course ended. To test hypothesis 1, the
primary outcome measured was performance on the
written examination.
To test hypothesis 2, two investigator-developed questionnaires were the primary data collection
methods. At the conclusion of the written examina-
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tion, the questionnaires (which were both attached
to the examination) were completed by the +IIDM
and -IIDM students. The students were instructed to
anonymously fill out the questionnaire that pertained
to them, separate it from the exam, and turn it in
separately. The questionnaires were developed by
the primary investigator, based on the hypotheses
to be explored, and were reviewed by other faculty
members to rule out ambiguity and for comments.
The +IIDM questionnaire measuring student perceptions of this method of teaching and utilization of
the technology sought answers to questions regarding amount of time spent online viewing lecture
videos and interactive quizzes; amount of time the
tooth atlas was utilized; and perceived value of the
interactive media. The -IIDM questionnaire primarily sought answers regarding utilization of the tooth
atlas program, online quizzes, and perceptions of the
strongly recommended online resources. The surveys
were completed anonymously, and Scantron answer
forms were used to enable tabulation of data. Survey
data were tabulated and evaluated for each group.
IBM SPSS, Version 19 (IBM, Armonk, NY)
statistical software package for Windows was used to
analyze the data. Summary frequency tables (mean,
standard deviation, and variance) were generated to
describe the examination outcomes. The WilcoxonMann-Whitney test was applied to assess mean differences between the groups. A non-parametric 0.95
confidence interval was set, and a p-value of ≤0.05
was considered significant.

Results
Detailed results are shown in the figures and
tables. The first set of analyses evaluated and compared the learning outcomes through the didactic
examination results.

Didactic Examination
Educational outcome results are presented in
Figure 1 and Table 1. None of the +IIDM students
failed the examination compared to 5 percent of the
-IIDM students. Frequency and distribution characteristics are shown in Table 1. The grade distribution
of the +IIDM group showed a mean of 95.4 versus a
mean of 88.1 for the -IIDM group. A significant difference in the scores for +IIDM and -IIDM conditions
was validated (z=-2.838, p=0.005). The second set
of analyses evaluated and compared the responses
to the questionnaires.
1501

Figure 1. Examination performance frequency distribution

Table 1. Examination descriptive characteristics and statistical comparisons
						
Standard Error
Group
N
Gender M/F
Max
Min
Mean
of Mean
+IIDM
-IIDM

35
85

54%/46%
54%/46%

111.1
111.1

70.3
40.7

95.4
88.1

1.76
1.45

Failures		
(%)
SD
p-value
0
5.8%

10.4
13.4

0.005*

*Significant difference

+IIDM Questionnaire
These results are shown in Table 2. One hundred percent of the group completed the post-study
survey, and 100 percent of the group accessed the
online materials, as expected, since that was their
only avenue of foundational knowledge delivery. In
addition, 100 percent viewed each lecture video for
the one to hours hours mandated, if not more, and 100
percent reported using an increased playback speed
of 1.5x to 2x the original speed of the lecture videos
the majority of the viewing time. All (100 percent)
reported they practiced the interactive quizzes embedded into the lecture videos. The 3D Interactive
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Tooth Atlas was accessed by 100 percent of the group,
but 70 percent used this resource less than the suggested eight to ten hours. Despite this, 69.8 percent
of the group strongly agreed or agreed that the tooth
atlas was a helpful resource. Of the group, 80.1 percent strongly agreed or agreed that the independent,
interactive media module was an effective way to
learn the topic of dental morphology; 93.8 percent
strongly agreed or agreed that the interactive media
helped them learn the topic better; and 81.8 percent
strongly agreed or agreed that the interactive quizzes
within the video lecture helped them understand the
presented materials better.
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Table 2. +IIDM survey results
			 True
100%

False				

1.

I accessed the online lecture videos.		

2.

I utilized the 3D Interactive Tooth Atlas as a resource
100%
0
to learn the material.					

3.

I utilized the interactive embedded online quizzes.

100%

0				

0				

						
			 1-2 Hours 2-4 Hours 4-6 Hours
4.

How long did you view each narrated 		
lecture video?		

More Than
6 Hours

42.5%

45.5%

9%

3%

			Normal
			
Speed

1.5x
Speed

2x
Speed

4x
Speed

5.

64.5%

34.5%

0

For the most part, at what playback speed 		
did you view the narrated lecture videos?

0

							
Night Before
			
8-10
6-8
4-6
Less Than Exam or Less
			
Hours
Hours
Hours
4 Hours Than 2 Hours
6.

In total, how long did you utilize the 3D 		
Interactive Tooth Atlas?		

30%

30%

33.3%

6.7%

0

If you answered Night before exam or less than
2 hours, please comment as to why on the back 				
N/A
of the scantron. 					
			 The Incisor The Canine The Premolar The Molar
			Lecture
Lecture
Lecture
Lecture
7.

If you answered true to question 3, please 		
indicate which lecture(s) you used the
online corresponding quizzes for.

100%

100%

100%

100%

			Strongly				
			 Agree
Agree
Neutral
Disagree

Strongly
Disagree

8.

I believe the 3D Interactive Tooth Atlas 		
was a helpful resource.

24.2%

45.6%

24.2%

3%

3%

9.

I believe the interactive media module was 		
an effective way to learn the topic of dental
morphology.

47.7%

33.4%

13.3%

3.3%

3.3%

10. I believe the interactive media helped me 		
learn the topic of dental morphology better.

66.6%

27.2%

3.6%

3.6%

0

11. I believe the interactive quizzes within the 		
video lecture helped me understand the
presented materials better.

51.5%

30.3%

15.2%

3%

0

12. I would have preferred the traditional 		
classroom-based lecture format instead
to learn dental morphology.

6.7%

6.7%

23.3%

40%

23.3%

If you answered agree or strongly agree to
question 12, please comment as to why on
the back of the scantron.
13. I think the independent, interactive media 		
e-learning module should totally replace
the traditional classroom-based format.
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30%

26.7%

13.3%

23.3%

6.7%
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When asked if they would have preferred the
traditional classroom-based lectures instead, the majority (63.3 percent) strongly disagreed or disagreed
with the statement. Of the remaining 36.7 percent,
students who responded they would prefer the traditional classroom method were asked to state why
they felt that way. Nineteen students (54 percent of
the entire +IIDM group) responded to this question.
All of the students who preferred the traditional
classroom method (N=5) responded, as well as all
of the students who chose neutral as their answer
(N=8) and even some students (N=6) who favored
the independent, interactive module. The most common answer given was that students preferred some
direct, face-to-face interaction with faculty members
(N=17). A small number of students (N=2) felt the
independent module took too much of their time
to complete. Finally, when the +IIDM group was
asked if the independent, interactive module should
completely replace the traditional classroom based
format, 56.7 percent said it should.

-IIDM Questionnaire
These results are shown in Table 3. All (100
percent) of the group completed the post-study
questionnaire regarding online material utilization,
and all (100 percent) accessed online materials in
Blackboard to print lecture handouts or take practice
quizzes. The majority of the group took each of the
posted online quizzes, but quiz use decreased as the
course progressed. The 3D Interactive Tooth Atlas
was utilized by 67 percent of the group, while 33 percent did not install the DVD or access this resource
online at all. None of the group accessed the program
for the suggested eight to ten hours, and 20 percent
accessed it the night before the exam or for less than
two hours. If students answered they accessed the
material the night before the examination or for less
than two hours, they were prompted to comment why.
One hundred percent of the applicable respondents
(N=39) answered this question, reporting three different reasons: time constraints (N=32), too much
information in the tooth atlas (N=5), and computer

Table 3. -IIDM survey results
			 True
1.

I accessed the online materials (to print 		
lecture handouts or take the practice quizzes).

100%

2.

I utilized the 3D Interactive Tooth Atlas as a 		
resource to learn the material.

67%

False				
0				
33%				

						
			 8-10
6-8
4-6
			
3.

If you answered true to question 2, how long 		
did you utilize the 3D Interactive Tooth Atlas?

Hours

Hours

Hours

Less Than
4 H ours

0

38.3%

23%

19.7%

Night Before
Exam or Less
Than 2 Hours
20%

If you utilized the 3D Interactive Tooth Atlas
the Night before exam or less than 2 hours,
please comment as to why on the back of
the scantron. 					

			 True

False				

4.

24%				

I utilized the interactive embedded online 		
76%
quizzes.		
			
The Incisor
			 Lecture
5.

If you answered true to question 4, please 		
indicate which lecture(s) you used the online
corresponding quizzes for.

83%

The Canine The Premolar The Molar
Lecture
Lecture
Lecture
78.6%

77.2%

62.2%

			Strongly				
			 Agree
Agree
Neutral
Disagree
6.
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I believe the 3D Interactive Tooth Atlas was 		
a helpful resource.

22.4%

41.2%

21.2%
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or software issues (N=2). Finally, the majority of the
-IIDM group (63.6 percent) thought The 3D Interactive Tooth Atlas was a valuable resource, despite
the fact that one-third of them had not used it at all.

Discussion
The use of e-learning, specifically interactive
media is a departure from the traditional, linear lecture format. Traditional lectures are acknowledged to
have low levels of interactivity. In a recent study of
a modified curriculum using e-learning as a component for dental morphology instruction, Obrez et al.65
concluded that when given appropriate structural supports, students are more capable of learning through
independent study than previously acknowledged in
traditional lecture courses. An effort was made in our
study to design independent, interactive methods to
engage the new learner dental student and promote
greater learning satisfaction over the lecture-only
format. This study’s approach, to our knowledge,
was the first attempt to implement an independent
dental morphology e-learning module, totally out
of the classroom, utilizing novel, interactive content
resources in addition to The Interactive 3D Tooth
Atlas, a frequently used dental morphology software
program.

E-learning can present multiple ways for
students to acquire, learn, and review information.
A substantial number of studies from many areas
of higher education regarding the use of e-learning
have found that instructors can expect students’
performance to be equivalent to what is typically
achieved by classroom lectures,66-69 with no compromise in the learning outcome.53 Bogacki et al.,
in particular, found that e-learning strategies using
computer-animated graphics to teach human dental
morphology have been statistically equivalent to the
lecture method.70 Our study found that the +IIDM
group performed better in the examination with a statistically significant increase in knowledge outcome,
rather than an equivalent one. These results suggest
that the independent, interactive e-learning module
did have a positive effect on learning outcomes and
support the finding from another study.52 One possible
explanation may be that the embedded self-study,
interactive quizzes within the lecture video helped
students understand the material better—a finding
from a previous study.61 Our findings agree.
Previous studies regarding learning outcomes
of e-learning have produced persistent findings of
at least equivalent outcomes when compared to traditional lecture methods. Our study not only tested
learning outcomes, but also explored the students’

Figure 2. Reported time spent in each lecture segment
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perception of value for the new e-learning module,
as well as the students’ use of each specific e-learning
component. We found that 100 percent of the +IIDM
group accessed the e-learning components as expected, since this was their only avenue of information delivery and the incentive was high. None of the
group spent less than the suggested minimum time
for viewing each lecture and taking the interactive
quizzes. Interestingly, 57.5 percent of the group
reported they spent more time (between two and six
hours) viewing each lecture video than the suggested
amount. All traditional classroom lectures were approximately one to one and one-half hours and no
more. The lecture videos were timed to match the corresponding traditional lecture; then, twelve additional
quiz questions were interspersed within each video
lecture. The majority of the +IIDM group spent more
time per lecture video than the maximum time per
lecture for the -IIDM group (Figure 2). We speculate
that the +IIDM students spent the extra time engaging
in the interactive quizzes and reviewing information
throughout the lecture videos. This speculation may
be supported by the fact that all of the +IIDM group
reported they viewed the lecture videos at increased
speeds of between 1.5x and 2x, yet they still spent
more time within each lecture video than its actual
timed video length. Allen and Katz also found this

“speed listening” pattern in a study comparing use
of podcasts versus lecture transcript as learning aids
for dental students.71
Neuhaus et al.72 concluded that nonobligatory
online tests for self-study may help to improve student motivation. In our study, it did not seem to matter
whether the quizzes were obligatory (+IIDM) or not
(-IIDM) since student motivation to use the quizzes
was found for both groups. The quiz questions for the
+IIDM were obligatory since they were embedded
in the lecture. Still, 84.8 percent of the group found
them helpful in learning the material better, and this
group spent more time on the quizzes. The -IIDM
group had the same quiz questions available to them
on Blackboard, and 76 percent were motivated to use
them and found them useful (Table 3 and Figure 3).
Besides increased student motivation and perceived usefulness related to the online quizzes, our
findings also suggest that the impact of the quizzes
may have been different between the groups. Although the questions were the same, the delivery of
the quizzes was different, and the level of interactivity was greater for the +IIDM group. This may possibly explain why this group performed significantly
better on the examination. The dissimilarity in the
+IIDM quiz delivery and interactivity is explained
by the different format in which these quizzes were

Figure 3. Online quiz interaction
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created. During the lecture video editing and production phase with the Camtasia program, the +IIDM
quizzes were designed to force the correct answer to
each question in order to proceed through the video
lecture. If a quiz question was answered incorrectly,
rather than continuation of the lecture video, the user
was forced back to the slide position in the video
where the correct information was delivered. The
mandated format for correct answers increased interactivity. This may be the reason more of the +IIDM
group believed these interactive quizzes helped them
understand the presented materials better. Since the
quizzes formatted this way in the lecture videos made
the +IIDM students validate knowledge acquisition,
we could speculate that this is why so many felt
the embedded quizzes were beneficial. It may also
explain the increased learning outcome displayed
by this group.
Comparison of The 3D Interactive Tooth Atlas
usage is shown in Figure 4. All of the +IIDM students
used this resource, as it was mandated. The majority
used the resource more than six hours, but only a minority accessed the program for the suggested eight to
ten hours. Like the +IIDM group, the majority of the
-IIDM group accessed the tooth atlas, but for less time
(six hours or less) than the +IIDM. None of the -IIDM
group accessed the program for the suggested eight

to ten hours. This underutilization is consistent with
studies that report e-learning resources commonly
were not used extensively by the students although
they were made readily available.51,73 Wright and
Hendricson, in particular, found that use of The 3D
Interactive Tooth Atlas increased only when incentives were introduced.51 These authors speculated
that preclinical dental students, not yet oriented to
patient care, may not appreciate the relevance of this
resource in planning or implementing patient treatment or that these students perceived the information
provided to exceed what was needed to do well on
examinations in the dental anatomy course. In our
study, students who reported they underutilized this
resource were questioned for the reason. While these
findings suggest that some students felt the resource
contained more information than they needed, the
majority of the responses were that the decreased
utilization was related more to students’ individual
time management skills. This finding offers another
possible reason for students’ underutilization of elearning resources.
The majority of both groups used The 3D Interactive Tooth Atlas less than the suggested amount of
time, but they still believed it was a helpful resource
(Table 4). The findings from the -IIDM group are
interesting. The majority of this group believed this

Figure 4. Utilization of The 3D Interactive Tooth Atlas
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Table 4. Perceived value of The 3D Interactive Tooth Atlas: +IIDM vs. -IIDM
Strongly 				
Strongly
Agree
Agree
Neutral
Disagree
Disagree

1. I believe the 3D Interactive Tooth
Atlas was a helpful resource.

+IIDM -IIDM

+IIDM -IIDM

+IIDM -IIDM

+IIDM -IIDM

+IIDM -IIDM

24.2% 22.4%

45.6% 41.2%

24.2% 21.2%

3.0% 8.2%

3.0%

resource was valuable despite the fact they used the
resource less than the +IIDM group, with one-third
not accessing it at all. These findings suggest that
even preclinical students value this resource. This
result was similar to that in another study in which
students placed a high value on an e-learning module
using 3-D imaging to learn dental morphology.74 It
was also consistent with the finding in another study
that current dental students value online interactive
tools such as 3D graphics.62 It is worth recalling that
the most cited reason why the -IIDM respondents in
our study had not used this resource related to time
constraints. Our study may further suggest that perhaps the underutilization itself may be a reason why
students report placing less value on this e-learning
resource. It can be speculated that, if students were
not able to access the program, they may be likely to
answer they did not believe it was valuable.
The majority of the +IIDM students believed
the independent, online delivery of information was
an effective way for them to learn the topic of dental
morphology and that it helped them learn it better.
The responses showed a high rate of acceptance of
the independent, interactive learning module components to teach dental morphology and a preference
for this format over traditional classroom-based
lectures. Although the majority of this group also
believed this independent module should replace the
traditional classroom-based course, almost one-third
of the group did not. Interaction with faculty members face-to-face was still desired by these students.
This finding is consistent with recent studies21,50,52
concluding that new learners value technology as a
learning resource, but they want to have technology
augment the classroom experience and not totally
replace it. The results suggest that the +IIDM students, although viewing the e-learning module as a
beneficial tool for learning dental morphology, still
want some sort of classroom interaction as well. Direct interaction with a faculty member at some level
was still preferred. This combination is referred to as
“blended learning,” in which e-learning is combined
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7.0%

with traditional classroom learning. Blended learning
has been recently described as the latest approach
in e-learning that may best meet the new learner’s
needs.23,50,51,54
A possible limitation of our study is that
the study group +IIDM was small (N=35). The
size was limited by the decision to make optional
seminar room space available. Although the online
course was designed as an asynchronous delivery
method, it was felt that an optional seminar room
was needed to provide online lecture video viewing
at the same time as the traditional lecture time to accommodate students who have concerns regarding
time management. Although the subject group was
considered small, it is of equivalent size to or larger
than most of the groups in comparable studies, and
we deemed it sufficient. Another possible limitation
of our study could be selection bias in spite of the
blind, random selection process. It is possible that
only early adopters of technology and those most
comfortable with this learning style volunteered for
the study. This could have influenced the experience
and perceptions of the teaching modality. Although
this is a possibility, it can be argued that given 98.3
percent of the class volunteered to participate (118
of 120 students), an accurate cross-section of the
group would have been represented, thus negating
the chance of selection bias.
An additional limitation of our study to consider is the possible crossover of information from
the +IIDM group to the control group. This was
prevented as much as possible by utilizing a password-protected site to view the materials, posting the
lecture videos in a way that was not downloadable,
adding a copyright clause in the beginning of each
lecture video prohibiting reproduction or sharing
material, and having the participants sign a contract
not to share material with the control group. An additional possible limitation, found in any kind of social
science research in which subjects are not blinded
to their participation, is the heightened potential for
the Hawthorne effect to influence the experimental

Journal of Dental Education

■

Volume 76, Number 11

group’s performance.75 The Hawthorne effect suggests that subjects are liable to modify their behavior
when they know they are part of an experiment. This
potential bias is unavoidable, and investigators must
take it into account when results are analyzed and
discussed. Finally, experts have argued that evaluation studies that compare the performance of learners
exposed to e-learning or with those using a traditional
approach are problematic because exam performance
is often a weak indicator of competence.18 Careful
consideration was given to the steps set forth and
described by Schleyer et al.18 during the design of
this study, and the outcome measurement tool (written exam) was a compilation of multiple previously
validated tests.

Conclusions
The results of this study revealed that an independent, interactive e-learning module for dental
morphology was successful in the delivery of foundational knowledge for the topic, with statistically
significant enhanced performance on the didactic
examination. The interactive content positively engaged new generation dental students. The interactive module was recognized as a valuable learning
resource and was preferred over the classroom, but
not necessarily seen as a total replacement for a traditional course. Thoughtful integration of e-learning
into the curriculum is required and may be best if
combined with some classroom activities or seminars
to address the students’ desire for faculty interaction.
The interactive e-learning materials were better utilized when mandated and were underutilized when
they were a recommended reference. When used,
there was a tendency to value the resource more.
Based upon these findings, this independent,
interactive e-learning module has become a permanent addition to the Dental Morphology, Part 1 course
at this university, and other courses are now using
video lectures with embedded, interactive quizzes.
This study has relevance in that it may influence future pedagogical methods in dental education. New
education philosophy embraces engaging the student
and implementing independent learning. The learning
outcomes of this interactive, independent learning
module suggest that students can benefit from this
method of foundational knowledge delivery. It further
validates students’ preference for blended learning
methods to meet their education needs. More studies on the impact of interactive e-learning in dental
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education, as well as development of new e-learning
strategies for the new learner, are necessary to continue to increase dental educators’ knowledge and
use of these media.

Acknowledgments

The authors would like to thank the Wharton Interactive Media Initiative, Wharton School,
University of Pennsylvania, Philadelphia, PA, for
financial support for this study. We would also like
to thank Dr. Paul Brown and Dr. Robert Hasel, key
foundational personnel at eHuman at the time of the
study. Their assistance during the protocol development was invaluable. The authors are also grateful
to the eHuman technical support team for their assistance during the study and to Yelena Chuzhin, doctoral candidate UPSDM 2014, for Excel data entry.

REFERENCES

1. Oblinger DG, Oblinger JL, eds. Educating the net generation. Louisville, CO: Educause, 2005.
2. Prensky M. Digital natives, digital immigrants, part
II: do they really think differently? On the Horizon
2001;9(6):15–24.
3. Frand J. The information-age mindset: changes in students
and implications for higher education. Educause Rev
2000;35(5):15–24.
4. Twenge JM. Generational changes and their impact
in the classroom: teaching generation me. Med Educ
2009;43(5):398–405.
5. Prensky M. Don’t bother me, mom; I’m learning. St. Paul,
MN: Paragon House Publishers, 2006.
6. Pletka B. Educating the net generation: how to engage
students in the 21st century. Santa Monica, CA: Santa
Monica Press, 2007.
7. Ruiz JG, Mintzer MJ, Leipzig RM. The impact of e-learning in medical education. Acad Med 2006;81(3):207–12.
8. Kassebaum DK, Hendricson WD, Taft T, Haden NK. The
dental curriculum at North American dental institutions in
2002–03: a survey of current structure, recent innovations,
and planned changes. J Dent Educ 2004;68(9):914–31.
9. Hendricson WD, Panagakos F, Eisenberg E, McDonald
J, Guest G, Jones P, et al. Electronic curriculum implementation at North American dental schools. J Dent Educ
2004;68(10):1041–57.
10. Pyle M, Andrieu SC, Chadwick DG, Chmar JE, Cole JR,
George MC, et al. The case for change in dental education.
J Dent Educ 2006;70(9):921–4.
11. Kalkwarf KL, Haden NK, Valachovic RW. ADEA Commission on Change and Innovation in Dental Education.
J Dent Educ 2005;69(10):1085–7.
12. Haden NK, Andrieu SC, Chadwick DG, Chmar JE, Cole
JR, George MC, et al. The dental education environment.
J Dent Educ 2006;70(12):1265–70.
13. Matteos N, Stefanovic N, Apse P, Attstrom R, Buchanan
J, Brown P, et al. Potential of information technology in
dental education. Eur J Dent Educ 2008;12(Suppl 1):
85–92.

1509

14. Walmsley A, White D, Eynon R, Somerfield L. The use
of the internet within a dental school. Eur J Dent Educ
2003;7:27–33.
15. Grimes EB. Student perceptions of an online dental terminology course. J Dent Educ 2002;66(1):100–7.
16. Eaton KA, Reynolds PA, Cox MJ. Top of the pops:
CD-ROM and DVDs in dental education. Br Dent J
2008;204(4):203–7.
17. Pahinis K, Stokes CW, Walsh TF, Cannavina G. Evaluating a blended-learning course taught to different groups
of learners in a dental school. J Dent Educ 2007;71(2):
269–78.
18. Schleyer TK, Johnson LA. Evaluation of educational
software. J Dent Educ 2003;67(11):1221–8.
19. Brittain S, Glowacki P, Van Ittersum J, Johnson L. Podcasting lectures. Educause Quarterly, August 4, 2006.
20. Eynon R, Perryer G, Walmsley AD. Dental undergraduate expectations and opinions of web-based courseware
to supplement traditional teaching methods. Eur J Dent
Educ 2003;7(3):103–10.
21. McCann AL, Schneiderman ED, Hinton RJ. E-teaching
and learning preferences of dental and dental hygiene
students. J Dent Educ 2010;74(1):65–78.
22. Schumann HS. Computer-assisted learning in human and
dental medicine. Int J Comp Dent 2004;7(2):159–67.
23. Eitner S, Holst S, Wichmann M, Karl M, Nkenke E,
Schlegel A. Comparative study on interactive computeraided-learning and computer-aided-testing in patientbased dental training in maxillofacial surgery. Eur J Dent
Educ 2008;12(1):35–40.
24. Porter S, Telford A, Chandler K, Furber S, Williams J,
Price S, et al. Computer-assisted learning (CAL) of oral
manifestations of HIV disease. Br Dent J 1996;181(5):
173–7.
25. Teasdale TA, Shaikh M. Efficacy of a geriatric oral health
CD as a learning tool. J Dent Educ 2006;70(12):1366–9.
26. Gordon JS, Severson HH, Seeley JR, Christiansen S.
Development and evaluation of an interactive tobacco cessation CD-ROM educational program for dental students.
J Dent Educ 2004;68(3):361–9.
27. Welbury R, Hobson R, Stephenson J, Jepson N. Evaluation of a computer-assisted learning programme on
the oral-facial signs of child physical abuse (non-accidental injury) by general dental practitioners. Br Dent J
2001;190(12):668–70.
28. DeBate RD, Severson H, Zwald ML, Shaw T, Christiansen S, Koerber A, et al. Development and evaluation of a
web-based training program for oral health care providers
on secondary prevention of eating disorders. J Dent Educ
2009;73(6):718–29.
29. Cohen S. Challenges influencing the future of endodontics:
new technologies for endodontic education. Aust Endod
J 2001;27(3):116–8.
30. Lechner SK, Thomas GA, Bradshaw M, Lechner KM.
Planning oral rehabilitation: case-based computer-assisted
learning in clinical dentistry. Br Dent J 2001;191(3):
152–6.
31. Chen ML, Su ZY, Wu TY, Shieh TY, Chiang CH. Influence
of dentistry students’ e-learning satisfaction: a questionnaire survey. J Med Syst, February 12, 2010.

1510

32. Littlefield JH, Demps EL, Keiser K, Chatterjee L, Yuan
CH, Hargreaves KM. A multimedia patient simulation for
teaching and assessing endodontic diagnosis. J Dent Educ
2003;67(6):669–77.
33. Johnson LA, Wohlgemuth B, Cameron CA, Caughman F, Koertge T, Barna J, Schulz J. Dental interactive
simulations corporation (DISC): simulations for education, continuing education, and assessment. J Dent Educ
1998;62(11):919–28.
34. Johnson LA, Cunningham MA, Finkelstein MW, Hand JS.
Geriatric patient simulations for dental hygiene. J Dent
Educ 1997;61(8):667–77.
35. Kleinert HL, Sanders C, Mink J, Nash D, Johnson J, Boyd
S, Challman S. Improving student dentist competencies
and perception of difficulty in delivering care to children
with developmental disabilities using a virtual patient
module. J Dent Educ 2007;71(2):279–86.
36. Schittek JM, Mattheos N, Nattestad A, Wagner A, Nebel
D, Farbom C, et al. Simulation of patient encounters using
a virtual patient in periodontology instruction of dental
students: design, usability, and learning effects in historytaking skills. Eur J Dent Educ 2004;8(3):111–9.
37. Abbey LM, Arnold P, Halunko L, Huneke MB, Lee S.
Case studies for dentistry: development of a tool to author
interactive, multimedia, computer-based patient simulations. J Dent Educ 2003;67(12):1345–54.
38. Abbey LM. Interactive multimedia patient simulations in
dental and continuing dental education. Dent Clin North
Am 2002;46(3):575–87.
39. Welk A, Maggio MP, Simon JF, Scarbecz M, Harrison JA,
Wicks RO, Gilpatrick RO. Computer-assisted learning and
simulation lab with 40 DentSim units. Int J Comput Dent
2008;11(1):17–40.
40. Maggio MP, Buchanan JA, Berthold P, Gottlieb R. Curriculum changes in preclinical laboratory education with
virtual reality-based technology training. J Dent Educ
2005;69(1):160(Abstract).
41. Hobson RS, Carter NE, Hall FM, Atkins MJ. A study
into the effectiveness of a text-based computer-assisted
learning program in comparison with seminar teaching of
orthodontics. Eur J Dent Educ 1998;2:154–9.
42. Irvine NR, Moore RN. Computer-assisted instruction in
mixed dentition analysis. J Dent Educ 1986;50(6):312–5.
43. Luffingham JK. An assessment of computer-assisted
learning in orthodontics. Br J Orthod 1984;11:205–8.
44. Rosenberg H, Sanders M, Posluns J. The effectiveness
of computer-aided learning in teaching orthodontics: a
review of the literature. Am J Orthod Dentofacial Orthop
2005;127(5):599–605.
45. Aly M, Elen J, Willems G. Instructional multimedia
program versus standard lecture: a comparison of two
methods for teaching the undergraduate orthodontic curriculum. Eur J Dent Educ 2004;8(1):43–6.
46. Aly M, Elen J, Willems G. Learner-control vs. programcontrol instructional multimedia: a comparison of two
interactions when teaching principles of orthodontic appliances. Eur J Dent Educ 2005;9:157–63.
47. Bacro T, Gilbertson B, Coultas J. Web delivery of anatomy
video clips using a CD-ROM. Anat Rec 2000;261(2):
78–82.

Journal of Dental Education

■

Volume 76, Number 11

48. Jastrow H, Hollinderbaumer A. On the use and value
of new media and how medical students assess their effectiveness in learning anatomy. Anat Rec B New Anat
2004;280(1):20–9.
49. Mowery D, Clayton M, Hu J, Schleyer TK. Software
review: Tooth Atlas 3D, version 6.3.0. J Dent Educ
2010;74(11):1261–4.
50. Nance ET, Lanning SK, Gunsolley JC. Dental anatomy
carving computer-assisted instruction program: an assessment of student performance and perceptions. J Dent Educ
2009;73(8):972–9.
51. Wright E, Hendricson WD. Evaluation of a 3-D interactive tooth atlas by dental students in dental anatomy and
endodontics courses. J Dent Educ 2010;74(2):110–22.
52. Gadbury-Amyot C, Brockman WG. Transition of a
traditional pharmacology course for dental students to
an online delivery format: a pilot project. J Dent Educ
2011;75(5):635–45.
53. Tan P, Hay DB, Whaites E. Implementing e-learning in a
radiological science course in dental education: a shortterm longitudinal study. J Dent Educ 2009;73(10):1202–
12.
54. Howerton WB Jr, Platin E, Ludlow J, Tyndall DA. The
influence of computer-assisted instruction on acquiring early skills in intraoral radiography. J Dent Educ
2002;66(10):1154–8.
55. Farah CS, Maybury TS. The e-evolution of microscopy
in dental education. J Dent Educ 2009;73(8):942–9.
56. Smith TA, Raybould TP, Hardison JD. A distance learning program in advanced general dentistry. J Dent Educ
1998;62(12):975–84.
57. Gray SL, Howell C, Franklin CD. Post-impact evaluation of an e-learning cross-infection control CD-ROM
provided to all general dental practitioners in England.
Br Dent J 2007;203(9):E20; discussion 526–7.
58. Amer RS, Denehy GE, Cobb D, Dawson D, CunninghamFord MA, Bergeron C. Development and evaluation of an
interactive dental video game to teach dentin bonding. J
Dent Educ 2011;75(6):823–31.
59. Miller PM, Heideman PW, Ravenel MC, Spangler JG,
Mauldin MP, Hill EG, Onicescu G. Preliminary development and evaluation of online tobacco and alcohol modules for dental students. J Dent Educ 2011;75(6):791–6.
60. Angus SD, Watson J. Does regular online testing enhance student learning in the numerical sciences? Robust evidence from a large data set. Br J Educ Technol
2009;40(2):255–72.
61. Jackson TH, Hannum WH, Koroluk L, Proffit WR. Effectiveness of web-based teaching modules: test-enhanced
learning in dental education. J Dent Educ 2011;75(6):
775–81.

November 2012

■

Journal of Dental Education

62. Salajan FD, Mount GJ. University of Toronto’s dental
school shows “new teeth”: moving towards online instruction. J Dent Educ 2008;72(5):532–42.
63. Gwozdek AE, Springfield EC, Peet MR, Kerschbaum WE.
Using online program development to foster curricular
change and innovation. J Dent Educ 2011;75(3):339–50.
64. Personal communication, Brianna Bascherini, Head of
Sales and Marketing, eHuman, August 8, 2011.
65. Obrez A, Briggs C, Buckman J, Goldstein L, Lamb C,
Knight W. Teaching clinically relevant dental anatomy
in the dental curriculum: description and assessment of
an innovative module. J Dent Educ 2011;75(6):797–804.
66. Rosenberg H, Grad HA, Matear DW. The effectiveness
of computer-aided, self-instructional programs in dental
education: a systematic review of the literature. J Dent
Educ 2003;67(5):524–32.
67. Williams C, Aubin S, Harkin P, Cottrell D. A randomized,
controlled, single-blind trial of teaching provided by a
computer-based multimedia package versus lecture. Med
Educ 2001;35:847–54.
68. Vichitvejpaisal P, Sitthikongsak S, Preechakoon B,
Kraiprasit K, Parakkamodom S, Manon C, et al. Does
computer-assisted instruction really help to improve the
learning process? Med Educ 2001;35:983–9.
69. Howerton WB, Enrique PR, Ludlow JB, Tyndall DA. Interactive computer-assisted instruction vs. lecture format
in dental education. J Dent Hyg 2004;78(4):10.
70. Bogaki RE, Best A, Abbey LM. Equivalence study of a
dental anatomy computer-assisted learning program. J
Dent Educ 2004;68(8):867–71.
71. Allen K, Katz R. Comparative use of podcasts vs. lecture
transcripts as learning aids for dental students. J Dent Educ
2011;75(6):817–22.
72. Neuhaus KW, Schegg R, Krastl G, Amato M, Weiger R,
Walter C. Integrated learning in dentistry: baseline data
and first evaluation at the Dental School of Basel. Eur J
Dent Educ 2008;12(3):163–9.
73. Hendricson WD, Eisenberg E, Guest G, Jones P, Johnson
L, Panagakos F, et al. What do students think about mandatory laptop programs? J Dent Educ 2006;70(5):480–99.
74. Mitov G, Dillschnieder T, Abed MR, Hohenberg G,
Pospiech P. Introducing and evaluating MorphoDent, a
web-based learning program in dental morphology. J Dent
Educ 2010;74(10):1133–9.
75. Franke RH, Kaul JD. The Hawthorne experiments:
first statistical interpretation. Am Sociological Rev
1978;43(5):623–43.

1511

