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ABSTRACT

Objectives: This pilot study aimed to determine the effect of the addition of an assessment to
online course material on performance and self-efficacy of pre-doctoral students tasked with

recognizing and diagnosing malocclusions on patients in the orthodontic screening clinic.

Methods: Third year dental students completed an online module to reinforce concepts from
the didactic curriculum prior to examining orthodontic patients. The experimental group
(n=60) completed online case-based assessments before and after viewing an online module
and then screened orthodontic patients. The control group (n=60) only viewed the online
module prior to screening patients. The two groups were compared based on their average
performance scores for diagnosis of various malocclusions, including but not limited to: dental
developmental stage, crosshites, Angle molar classification, deep versus open bites, arch
perimeter discrepancies, skeletal classification, and recommendation for orthodontic
management. Additionally, differences in self-efficacy were assessed using a 5 question
survey before and after screening orthodontic patients. Orthodontic residents were calibrated

twice to ensure inter-rater reliability of student performance.

Results:
Performance: Results of a t-test showed a statistically significant increase in total assessment
score in the experimental group when compared with the control group (p=0.047). Three out

of ten questions had statistically significantly higher mean scores in the experimental group



compared to the control group: vertical bite dimension (p=0.004), crowding and spacing in the

mandibular arch (p=0.049), and vertical skeletal type (p=0.023).

Self-Efficacy: The mean self-efficacy scores increased after completion of clinical
requirements in both groups, with a pre-screening mean of 3.39 (SD=0.64) and post-screening
mean of 4.39 (SD=0.41) in the control group and a pre-screening mean of 3.08 (SD=0.56) and
post-screening mean of 4.28 (SD=0.37) in the experimental group. The self-efficacy scores
were lower in the experimental group overall. The increase in self-efficacy was greater in the

experimental group.

Conclusions:

The assessments added to online course content in this pilot study produced a
statistically significant improvement in overall performance scores. Students demonstrated
improved performance in the areas of diagnosis of vertical bite dimension, vertical skeletal
type, and crowding and spacing in the mandibular arch. This study illustrates that the addition
of an assessment to online course content could improve student learning outcomes related to
diagnosis of dental and skeletal malocclusions and arch perimeter discrepancies.

This pilot study shows that the addition of an online assessment lead to a greater
improvement in self-efficacy scores. The addition of an online assessment also lead to lower
self-efficacy scores overall. Qualitative follow up suggests that the students in the experimental
group were more aware of the gaps in their knowledge. The creation of online assessments by

orthodontic faculty can be used to overcome the faculty shortage in the field.
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CHAPTER 1
INTRODUCTION

The amount of orthodontic treatment being rendered by general dentists is increasing
(Jacobs et al., 1991). Dental schools play an important role in arming their graduates with the
knowledge and skills to diagnose orthodontic cases appropriately so that they can decide
whether to treat these cases or refer them to an orthodontic specialist.

Dental school curricula vary greatly when it comes to pre-doctoral orthodontic
education (Kwo and Orellana, 2001). The American Dental Association’s Commission on
Dental Accreditation (CODA) maintains a standard for malocclusion and space management.
The dental schools in the United States lack uniformity in the interpretation of this standard
and the timing and breadth of orthodontic education of pre-doctoral students (Kwo and
Orellana, 2011). The current shortage of full-time faculty in orthodontics presents a challenge
to dental schools where there are both pre-doctoral and post-doctoral orthodontic programs
(Lindauer et al., 2003).

Online course content has been proposed as a way around this faculty shortage (Hughes
et al., 2009). Most dental school administrators agree that e-learning already plays a role in
dental education (Hughes et al., 2009). In orthodontics, diagnosis and treatment planning is
performed using diagnostic records. Digital or online records have been shown to be as
effective as traditional records in diagnosis and treatment planning (Komolpis and Johnson,
2002). Online education has been shown to be effective when it contains an interactive
component (Klein et al., 2012). One such interactive component is an online assessment. Test-

enhanced learning in pre-doctoral orthodontic education has been shown to produce higher



competence rates when compared to the traditional approach of lectures and classroom
exercises (Freda and Lipp, 2015).

According to the results of the Temple University Kornberg School of Dentistry
(TUKSOD) Senior Survey, 82% of the Class of 2016 agreed or strongly agreed to the following
statement: “My Temple University dental education prepared me to competently practice
general dentistry in the following areas: diagnosing and managing developmental or acquired
malocclusion and space management needs.”

According to the results of the TUKSOD Alumni Survey, 47% of alumni from the
Classes of 2010-2011 agreed or strongly agreed to that same statement. The TUKSOD
benchmark for both the Senior Survey and Alumni Survey are 85%.

According to the results of the ADEA Senior Survey, 61.2% of the TUKSOD Class of
2015 felt prepared or well-prepared to diagnose occlusion and temporomandibular disorder.
The same year, 66.1% of seniors nationally felt prepared or well-prepared in this area. Overall,
the percentage of TUKSOD seniors feeling prepared or well-prepared was slightly below the

national average.



CHAPTER 2

REVIEW OF THE LITERATURE

2.1 General dentists providing orthodontic treatment

A 1991 study by Jacobs, et al. investigated whether general dentists who provide

orthodontic services to a large volume of patients in their practices limit themselves to simpler

cases. A survey was sent to 1159 general dentists in the state of lowa and 728 responses were

received (62.8%). Jacobs, et al. found descriptive qualities of general dentists who provide a

large amount of orthodontic treatment in their practices:

These dentists provided the same amount of limited orthodontic treatments as dentists
who provided less orthodontic treatment

These dentists performed significantly more major and complex orthodontic treatment
These dentists used significantly more fixed appliances, headgear, and functional
appliances

These dentists took significantly more hours of continuing education courses in
orthodontics

These dentists referred significantly fewer patients to orthodontic specialists

In 1996, another survey based study was performed by Wolsky and McNamara. The aim

of this study was to determine the amount and nature of orthodontic treatment provided by

general dentists. This survey was mailed to a stratified random sample of 1020 general dentists

in the state of Michigan, and 753 surveys were returned (75%). Responses were classified as

“comprehensive treatment,” which included banded and bonded appliances to correct a Class



L, I, or IIT malocclusion, “limited treatment,” which included anterior and posterior crossbites,
molar uprighting, or placement of space maintainers, or “no treatment.” Approximately 20%
of general dentists surveyed stated that they provided comprehensive orthodontic treatment in
their practices. Limited orthodontic treatment was provided by 57% of general dentists, and
23.7% did not provide any orthodontic treatment. 96% of the responding dentists stated that
they spent less than 25% of their clinical time providing orthodontic treatment. Overall,
Wolsky and McNamara found that the majority of general dentists are providing some

orthodontic services in their offices.

2.2 The role of dental schools in pre-doctoral orthodontic education

Although there is a written standard for the American Dental Association’s
Commission on Dental Accreditation for malocclusion and space management, the way dental
schools interpret this standard in their curriculum varies. Regardless of how this standard is
interpreted, it is clear that general dentists need to be competent at diagnosing malocclusions
and space management needs and knowing when to refer a patient to an orthodontist. In a 2011
study by Kwo and Orellana, it was hypothesized that there were significant differences in
teaching methods, content of courses, and testing methods across the pre-doctoral orthodontic
curricula in the United States. To test this hypothesis, a survey was distributed to pre-doctoral
orthodontic curriculum directors across the country. Twenty-nine out of 55 programs surveyed
responded (55%). Schools varied for almost all criteria on the survey, starting with which year
the orthodontic material is taught in the curriculum. The majority of schools taught most of the

pre-doctoral orthodontics in the third year curriculum. Less than half of schools require dental



students to treat orthodontic cases in the clinic. Twenty percent of practicing general dentists
provided orthodontic treatment in their practices, but less than half of these dentists were
trained in treating orthodontic patients during their dental school years. More than half of the
schools require dental students to observe or assist in their graduate orthodontic clinics.
Schools varied widely in the orthodontic techniques taught, including but not limited to: full
fixed appliances, space maintainers, retainers, functional appliances, and Invisalign. Schools
also varied widely in their methods of assessment in their pre-doctoral orthodontic curricula,
including written exams, clinical exams, laboratory exercises, objective structured clinical

examinations (OSCEs), and research presentations or clinical rotations.

2.3 Dental school faculty shortage

Currently, there exists a shortage of faculty in dental schools in general, as well as in
orthodontic education. Lindauer, et al. characterized this shortage in a 2003 study in which
orthodontic residents, faculty, and private practitioners were surveyed to compare real and
perceived differences between academic and private practice careers. At the time of Lindauer’s
study, 19 out of 54 (35%) of graduate orthodontic programs reported having at least one vacant
faculty position. One of the main challenges that academic careers face is the decrease in
income when compared to a private practitioner. Lindauer, at al. found that faculty annual
income was less than half of that of private practitioners, when matched by geographic location
and experience. Faculty also reported working 25% more hours than private practitioners.
Additionally, faculty experienced more bureaucracy and stress than their private practice

counterparts. Faculty also reported more difficulty obtaining board certification.



Ina 2013 study by Gironda, et al. describes a way to encourage academic dental careers
through a program that intends to introduce interested dental students and dental residents to
the option of an academic career. Conducted at the School of Dentistry at the University of
California, Los Angeles, this program created an Academic Track and aimed to give enrolled
students the teaching, leadership, and mentorship experiences needed for a successful
academic career. This program was funded by a four year R25 grant from the National Institute
of Dental and Craniofacial Research. The Academic Track program found that teaching
apprenticeships were the most valuable part of the program that was offered. This program
also found that diverse paths to academic dental careers should be acknowledged and
encouraged. Another important component of promoting interest in an academic dental career
is mentorship, and some participants in this program reported difficulty in identifying a suitable
mentor.

A 2008 study by Walker, et al. discusses the economic difficulties of dental education,
including the growing disparity between salaries of dentists in private practice versus those in
academia. Dental school graduates have a high level of debt and are unlikely to choose an
academic career if the income is much lower than that of a private practitioner. In the 2006
ADEA survey of the graduating class, less than 1% were considering a career in academic
dentistry (Walker, et al., 2008). As dental schools aim to fill their faculty vacancies, they run
into another problem: retaining faculty who perform research and scholarly activities. As
schools face faculty shortages, their current faculty members must spend more time teaching
and therefore spend less time on research and scholarly activities (Walker, et al., 2008). To fill
the vacant faculty positions, dental schools often turn to dentists who have retired from private

practice; however, these dentists usually only provide clinical supervision and do not support



efforts to introduce new teaching methods into the curriculum. These dentists view their time
as faculty members as a transition between retiring from private practice, and full retirement
(Walker, et al., 2008). As a dental student, seeing these faculty members makes you think that
academics is not a first career choice, but rather something to do once you retire from your
own practice. Walker, et al. suggest residency programs as a good source of new faculty, as in
2006-2008, 21% of new faculty members were graduates of residency programs. This review
article advocates using residents who are interested in teaching as a part of the pre-doctoral

curriculum to help with the overall faculty shortage.

2.4 Use of digital records in lieu of traditional records

Orthodontic records are essential to the diagnosis and treatment planning process.
Traditional orthodontic records include: intra- and extraoral photos, panoramic radiograph,
lateral cephalometric radiograph, clinical examination findings, and plaster study models
poured from alginate impressions. In a 2002 study by Komolpis and Johnson, an orthodontic
diagnosis website was set up to evaluate the effectiveness of digital records in orthodontic
diagnosis and treatment planning. Komolpis and Johnson recognized that records must be used
to teach diagnosis and treatment planning, but storage and maintenance of the quality of these
records (including duplication depending on the class size) is an inherent challenge. Two
groups of students evaluated orthodontic records: 50 students studied two cases from the
website’s digital records, and 49 students studied the same two cases using traditional records.
The students took an assessment after viewing the records, and no significant differences were

found between the two groups as far as test performance and testing time. The students were



also given post-assessment questionnaires, which found that their attitudes toward the digital
records were generally positive. This study concluded that online records are as effective as

traditional records in teaching orthodontic diagnosis.

2.5 Web-based pre-doctoral education

A 2009 study by Hughes, et al. reiterated the faculty shortage mentioned in Section 2.3
above, and highlighted the importance of finding effective ways to work around this faculty
shortage and still provide a high-level curriculum to pre-doctoral students in orthodontics. An
online survey was administered and had 261 responses: 41.4% of the survey’s respondents
stated that they had previously taken an online course, 57.9% were ‘extremely comfortable’
with technology, and 40.2% were ‘somewhat comfortable’ with technology. Sixty-five percent
of survey respondents found technology to be ‘extremely accessible’ and used it ‘frequently.’
The findings suggested that the current orthodontic residents are comfortable with technology
and may be well-suited for involvement with online teaching modules.

A 2010 study by Schonwetter, et al. also proposes online education components as a
way around the faculty shortage that dental education currently faces. Schonwetter, et al.

propose online education as a form of collaboration between educational institutions.



Schonwetter, et al. defined online learning as “learning in a way that uses information and
communication technologies,” or “training that is delivered partially or entirely through
electronic hardware, software, or both” and is based upon 3 fundamental criteria:

1. Must be networked

2. Must be delivered to the end-user via a computer using internet technology

3. Focused on the broadest view of learning

Schonwetter, et al. also describe the challenges of online learning for students, including
reduced personal interaction between students and faculty, limited personalized feedback from
instructors. There are also challenges of online learning for faculty, including the constant
training and acquisition of computer skills required to keep up with ever-changing
technologies. Many instructors acknowledge the value of online education, but are unwilling
to change their course curricula or are challenged by the paradigm shift from the traditional
didactic course to a more hybrid course format.

A 2012 study by Klein, et al. proposed sharing resources as a way to ameliorate the effects
of a faculty shortage. In this study, a blended approach of web-based learning and traditional
in-person learning was used. Participating residency programs watched web-based seminars
and followed them up with live discussions. Thirty-three out of 63 orthodontic programs (52%)
in the United States participated in this study. Although the intent of Klein’s study was to help
deal with a faculty shortage, the participants in the study felt they had enough faculty at their
programs, but felt this supplemented areas where none of their faculty were experts. Seventy-
four percent of participating residents and 79% of participating faculty found this form of
distance learning to be worthwhile, and 84% of participating residents stated that the would

use distance learning again. Some difficulties were encountered with the method of distance



learning proposed in this study. A lack of resident preparation prior to the web seminar was
one difficulty. Residents stated that they knew that reading prior to the web seminar would
help, but only 14% of residents reported reading the entire assignment prior to the seminar.
Prepared residents reported that they were able to learn more from the seminars than those who
did not prepare. To counteract this difficulty, Klein, et al. suggest emphasis on the importance
of preparation by local faculty members.

Another difficulty encountered with distance learning was the fixed pace of the web
seminars: some residents reported that the pace was too slow. Related to this is that live
seminars can vary in pace based on participation, interest, and discussion of participants,
whereas a web seminar is pre-recorded at a fixed length of time.

A positive aspect to distance learning was the live discussions following the web seminars.
Residents felt that these discussions helped them better understand the material, and local
faculty felt prepared to run these discussions with their residents. Some programs felt that the
recorded web seminars, which were ninety minutes in duration, were too long for their one
hour seminar time slots. A further distance learning experience could involve a lecture that is
one hour long and comes with an outline of places to potentially pause the seminar and have a
live discussion.

Technically, there were also some difficulties encountered with distance learning: video
and sound quality and lack of rewind and fast forward control. Overall, Klein’s study showed
the implementation of a form of distance learning that could help collaborate resources
between dental schools and provide uniform educational material on selected topics.

A 2005 study by Nurko and Proffit looked at web-based self-instruction in a pre-doctoral

orthodontic course. This study looked at two criteria: acceptability (i.e. how much did you like
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it?) and perceived effectiveness (i.e. how well did it help you learn?) of online self-instruction
followed by small group seminars. This study took place at the University of North Carolina
at Chapel Hill, where the last course that the dental students take in orthodontics was replaced
by online self-instruction, followed by small group seminars. This new course had one
introductory lecture, followed by 10 self-instruction modules with reading assignments on each
topic, and 4 small group discussions. The course had a nine week duration. Third year
orthodontic residents served as modulators of the small group seminars. The majority of the
dental students rated this format of learning as “excellent” or “good.” The residents were
trained on how to deliver the small group seminars and were given the same materials for the
seminars; however, due to differences in instruction style and personality, small differences
were perceived between residents. Overall, Nurko and Proffit study found that students felt
that online modules followed by live seminars are an effective way to learn; however, self-
instruction must still be evaluated in performance in treating live patients. Self-instruction
shifts the learning responsibility from the teacher to the student, and this can have two
advantages: firstly, the scarcity of faculty resources can be overcome by collaboration between
educational institutions. Faculty can spend less time giving live lectures and more time
ensuring that students have learned the material in the small group seminars. Secondly, the
students can have an individualized learning environment and spend as much or as little time

reviewing each concept.
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2.6 Effect of assessments on learning

In 2015, Freda and Lipp tested the effect of testing on retrieval of learned information
in a pre-doctoral orthodontic curriculum. Freda and Lipp looked at third year dental students
at the New York University College of Dentistry. One group received a test-enhanced
approach, while another group received a more traditional approach of lectures and classroom
exercises. The students were all given a comprehensive assessment at the end of the course,
and the test-enhanced group performed significantly better. Therefore, this study supports the

use of assessments throughout the learning process.

2.7 Self-Efficacy

Bandura defined self-efficacy as a person’s belief about his or her capability to produce
effects. Self-efficacy beliefs determine how a person feels, thinks, is motivated, and ultimately
behaves. People with high levels of self-efficacy approach daunting tasks with confidence and
the belief that they can master those tasks. Contrastingly, people with lower levels of self-
efficacy shy away from difficult tasks which can be seen as threatening. Bandura’s work (1977)
depicts how self-efficacy can be developed through successful experiences of mastering a task.
Another way that self-efficacy can be developed is vicariously, through watching the
experiences of others via observational learning. Observational learning has been shown to
have a stronger impact when the person being observed is perceived to be similar to or

important in the eyes of the observer.
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2.8 Summary

This review of the literature includes the use of blended learning in orthodontic
education. Further studies exist regarding the use of blended learning across other disciplines.
Attempts were made to include the most recent literature about online education in
orthodontics; however, due to the rate of technological developments, more current studies are

warranted.
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CHAPTER 3

AIMS OF THE INVESTIGATION

This study aimed to determine the effect of the addition of an assessment to online
course content on performance and self-efficacy level of third year pre-doctoral students in

screening orthodontic patients.
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CHAPTER 4

MATERIALS & METHODS

Educational Context of the Study

At the Kornberg School of Dentistry at Temple University, pre-doctoral orthodontic
education includes didactic courses, an online module to review prior to entering the clinic,
and a clinical rotation in the Graduate Orthodontic Clinic. The clinic is transitioning to the use
of solely digital diagnostic records. Currently, all photographs, radiographs, and health records
are digital, while plaster study models are prepared from alginate impressions and then
scanned.

Materials & Methods

There are 150 dental students in the pre-doctoral D3 and D4classes at the Kornberg
School of Dentistry at Temple University. Dental students are randomly assigned a clinical
rotation in the orthodontic clinic during their third year. During this clinical rotation, the dental
students screen new patients of the orthodontic clinic. The screening process is overseen by
current orthodontic residents and attending orthodontic faculty.

Prior to the clinical rotation, dental students were asked to review an online module
about orthodontic diagnosis entitled Diagnosis of Developing Malocclusions: A Systematic
Approach to Diagnosing Malocclusions in the Mixed Dentition. This online module reinforced
diagnostic concepts and clinical decision-making previously taught to the dental students in a
didactic course entitled Craniofacial Growth and Cephalometrics, which was a part of the first

year curriculum.
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During the clinical rotation, the dental students were evaluated on their performance
on each screening in the following categories:
e Diagnosis of dental developmental stage
e Diagnosis of occlusal problems
o Sagittal
o Vertical
o Transverse
e Arch length or tooth dimension discrepancies
e Skeletal type classification
o Sagittal
o Vertical

o Transverse

Recommendation for Orthodontic Management

Baseline data was collected to determine the average screening score of a third year
dental student in this current system (Appendix A). The average was determined from the first
five patients that each student screened in the clinic. The dental students were surveyed prior
to and after their clinical rotation to determine their self-efficacy in screening potential
orthodontic patients (Appendix B). These surveys were adapted from Bandura’s work in self-
efficacy. These students served as the control group, and this group consisted of approximately
half of the Class of 2018 (n= 60).

Subsequently, an online assessment was created based on the module that the students
review prior to their rotation. Students were required to complete the online assessment prior

to their clinical rotation. The online assessment was case-based (Appendix C). The dental
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students were then be evaluated on their performance in each screening (Appendix A), and
surveyed both before and after their rotations to determine their self-efficacy in screening
potential orthodontic patients (Appendix B). These students served as the experimental group,
were evaluated in the same way as the control group, and consisted of approximately half of
the Class of 2019 (n= 60). See Figures 1 and 2 for comparison of the workflows in the control
group versus the experimental group. As this was a pilot study, the online assessments were

not graded but counted for completion.

Pre-Rotation Rotation: Screen Post-Rotation

View Online Module Self-Efficacy 5 Orthodontic Self-Efficacy
Survey Patients Survey

Figure 1: Control Group Workflow

. . Pre-Rotation Rotation: Screen Post-Rotation
View Online

Online Pre-Test Self-Efficacy 5 Orthodontic Self-Efficacy

Module Survey Patients Survey

Figure 2: Experimental Group Workflow

The current orthodontic residents were calibrated twice to ensure inter-rater reliability
in evaluating the performance of both groups of dental students. The two groups were
compared by average screening score, and in self-efficacy levels pre- and post-rotation.

The null hypotheses were:

1. There will be no statistically significant differences in performance on screening

between the control and experimental groups.

2. There will be no statistically significant differences in self-efficacy scores (pre- and

post-rotation) between the control and experimental groups.
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The alternative hypotheses were:
1. There will be statistically significant differences in performance on screening between
the control and experimental groups.
2. There will be statistically significant differences in self-efficacy scores (pre- and post-

rotation) between the control and experimental groups.
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CHAPTER 5
RESULTS

The control group (n=60) was compared to the experimental group (n=60) for student
performance on screening and self-efficacy before and after the clinical rotation.
Screening Performance

An ANOVA was run to determine if any differences were present between the two
groups among the 10 screening performance questions. The results, F(7.1,947.1)=17.00,
p=0.000, indicated that post-hoc T-Tests were warranted.

Results of a student’s t-test showed a statistically significant increase in total
assessment score as a measure of student clinical performance in orthodontic screening in the
experimental group when compared with the control group (p=0.047). Three out of ten
questions had statistically significant higher mean scores in the experimental group than the
control group: 3. vertical bite dimension, 6. crowding and spacing in the mandibular arch, and
8. vertical facial development. Each student screened four or five patients. Means were
calculated by averaging their total scores for each question. The t-tests that were performed
were independent samples, two-tailed tests. Therefore, the groups were not matched and no
assumption was made as to the directionality of the difference. See Table 1.

Table 1: Screening Performance

Orthodontic Screening Form Control Mean |[Experimental Mean| Control SD | Experimental SD| p-value
1) Diagnosis of Dental Developmental Stage 4.65 4.81 0.59 0.39 0.066
2) A-P Buccal Occlusion 3.98 4.04 1.01 0.81 0.811
3) Vertical Bite Dimension 4.36 4.67 0.71 0.53 0.006
4) Transverse Occlusal Discrepancies 4.45 4.62 0.61 0.54 0.093
5) Crowding / Spacing in Maxillary Arch 4.59 4.67 0.58 0.58 0.452
6) Crowding / Spacing in Mandibular Arch 4.54 4.83 0.68 0.42 0.004
7) A-P Skeletal Relationship 4.47 4.68 0.7 0.58 0.059
8) Vertical Facial Development 4.42 4.67 0.78 0.56 0.04
9) Transverse Facial Shape Type 4.8 4.71 0.4 0.54 0.263
10) Recommendation for Orthodontic Management 4.65 4.62 0.62 0.64 0.795
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Self-Efficacy

For self-efficacy prior to the rotation, an ANOVA was run to determine if any
differences were present between the two groups among the five pre-rotation self-efficacy
questions. The results, F(4,524)=118.64, p=0.000, indicated that post-hoc T-Tests were
warranted.

For self-efficacy post-rotation, an ANOVA was run to determine if any differences
were present between the two groups among the five post-rotation self-efficacy questions. The
results, F(3.67, 474.1)=57.01, p=0.000, indicated post-hoc T-Tests were warranted.

The mean self-efficacy scores increased significantly after completion of clinical
requirements in both groups, with a pre-screening mean of 3.39 (SD=0.64) and post-screening
mean of 4.39 (SD=0.41) in the control group (p=0.000) and a pre-screening mean of 3.08
(SD=0.56) and post-screening mean of 4.28 (SD=0.37) in the experimental group
(p=0.000). The self-efficacy scores were lower in the experimental group overall. The increase
in self-efficacy was greater in the experimental group. In the pre-rotation survey, students had
higher mean self-efficacy in diagnosing the dental developmental stage (p=0.015) and lower
mean self-efficacy in identifying arch length tooth dimension discrepancies (p=0.007). On the
post-rotation survey, students also had lower mean self-efficacy in identifying arch length tooth

dimension discrepancies. See Tables 2 and 3.
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Table 2: Self-Efficacy Pre-Rotation

Self-Efficacy: Pre-Rotation Control Mean |Experimental Mean| Control SD |Experimental SD| p-value
1) Diagnosis of Dental Developmental Stage 4.061 4.403 0.8923 0.6976 0.015
2) Diagnosis of Occlusion 3.348 3.299 0.8502 0.7181 0.715
3) Arch Length / Tooth Dimension Discrepancies 3.636 3.224 0.8346 0.9015 0.007
4) Skeletal Type Classification 3.152 3.03 0.8085 0.6957 0.354
5) Recommendation for Orthodontic Management 2.742 2.522 0.8469 0.7459 0.114
Table 3: Self-Efficacy Post-Rotation

Self-Efficacy: Post-Rotation Control Mean |Experimental Mean| Control SD | Experimental SD| p-value
1) Diagnosis of Dental Developmental Stage 4.79 4.797 0.4837 0.4722 0.935
2) Diagnosis of Occlusion 4.452 4.377 0.5633 0.5714 0.453
3) Arch Length / Tooth Dimension Discrepancies 4.548 4.348 0.5334 0.6142 0.049
4) Skeletal Type Classification 4.097 4.043 0.6455 0.6738 0.646
5) Recommendation for Orthodontic Management 4.065 3.913 0.5393 0.7996 0.211
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CHAPTER 6

DISCUSSION

According to a study by Wolsky and McNamara, nearly 20% of general dentists
surveyed are providing comprehensive orthodontic treatment in their offices. As general
dentists are providing increasing amounts of orthodontic treatment, their education in diagnosis
of these patients becomes increasingly important. Wolsky and McNamara looked at improving
the educational process of training dental students in recognizing and managing malocclusions

by the addition of an online assessment.

As characterized by Lindauer, et al. in 2003, there is a shortage of full-time orthodontic
faculty as 35% of the graduate orthodontic programs in the United States have at least one full
time faculty position vacant. Full time orthodontic faculty work 25% more hours than their
private practice counterparts. The online assessment created in our study reduces the burden
on full-time orthodontic faculty because it can be prepared ahead of time and administered

such that students can complete it on their own time.

Online learning shifts the responsibility to the student. This can be a benefit when
compared to traditional classroom learning as students can work at their own pace and review
concepts as many times as they need to. The challenge of online learning is that it does require

some level of discipline.

Screening Performance

Study results showed that the total performance score on screening of five orthodontic
patients was higher in the experimental group compared to the control group. This suggests

that the completion of an online assessment improved dental students’ performance on
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screening orthodontic patients, particularly in the areas of vertical bite dimension, crowding

and spacing in the mandibular arch, and vertical skeletal development.

Self-Efficacy

Study results showed that mean self-efficacy increased after screening five orthodontic
patients in both the control and experimental groups. The pre-rotation mean self-efficacy was
lower in the experimental group compared to the control group (3.08 vs. 3.39) suggesting that
the completion of the online assessment made students more aware of gaps in their knowledge.
Even after completion of the rotation, self-efficacy scores were lower in the experimental

group compared to the control group (4.28 vs. 4.39).

The overall increase in self-efficacy was greater in the experimental group. Qualitative
feedback from department faculty indicated that student’s self-efficacy in the experimental
group may actually be a more accurate assessment of their skills. This ability to self-assess
accurately has been linked to greater successes in education (Sedlacek, 2011). Students
received some baseline information on their performance on the pre-test, which may have
cultivated some doubt about their abilities. This may have lowered their self-efficacy and made

it more in line with their actual abilities.

One limitation of this study was the selection of the control and experimental groups.
The control group was selected from the Class of 2018 and the experimental group was selected
from the Class of 2019. Attempts were made to make the two groups as alike as possible,
academically. A future study should compare two groups within the same class. Students could
be compared by academic standing or other demographic criteria. Also, the students in the

control group had six or more months of clinical experience prior to their rotations, whereas
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the experimental group had less than six months of clinical experience at the time of their
rotations. The difference in clinical experience could have affected the self-efficacy levels of
the two groups. Future studies should compare students with similar amounts of clinical
experience and could compare performance and self-efficacy in different combinations of

learning modalities: classroom, online, or in the clinic.

Another direction for future study would aim to explain why the performance scores
have small standard deviations. More questions could be created for each diagnostic decision.
For example, for item 1 where students classify the dental developmental stage of the patient,
the current answer choices are primary, mixed, or permanent. Further questions could be asked
about early mixed dentition versus late mixed dentition, or the dental age of the patient based

on the teeth that appear in the mouth.
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CHAPTER 7

CONCLUSIONS

The assessment added to online course content in this pilot study produced a
statistically significant improvement in overall performance scores when compared to online
learning without assessment in pre-doctoral orthodontic education. Diagnosis of vertical bite
dimension, vertical skeletal type, and crowding and spacing in the mandibular arch contributed
to this overall improvement. This study illustrates that the addition of an assessment to online
course content could improve student learning outcomes related to diagnosis of dental and
skeletal malocclusions and arch perimeter discrepancies.

This pilot study shows that the addition of an online assessment led to a greater
improvement in self-efficacy scores. The addition of an online assessment also lead to lower
self-efficacy scores overall. Qualitative follow up suggests that the students in the experimental
group were more aware of the gaps in their knowledge.

This study contributes to the existing literature as a new study regarding the use of
online content. The findings of this study reinforce the existing literature. The methods used
in this study help ameliorate the effects of a faculty shortage, as orthodontic faculty can create
the online modules and assessments and orthodontic residents can facilitate these activities.
The addition of an assessment to online content created external motivation to review the
online module. As a result of this study, this assessment will be continued in pre-doctoral
orthodontic education at the Kornberg School of Dentistry at Temple University and it will be
graded in the future. The addition of assessments into online course content should be used
prior to all clinical rotations as a review of important concepts immediately prior to dental

students entering any clinic.
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APPENDIX A

GRADE SHEET FOR ORTHODONTIC SCREENING FORM

1. Diagnosis of Dental Developmental Stage

2. Diagnosis of Occlusal Problems

a. Anterior-Posterior Buccal Occlusal Classification

b. Vertical Bite Dimension Classification
c. Transverse Bite Discrepancies
3. Arch Length / Tooth Dimension Discrepancies
a. Crowding or Spacing in Maxillary Dental Arch
b. Crowding or Spacing in Mandibular Dental Arch
4. Skeletal Type Classification
a. Anterior-Posterior Sagittal Jaw Relationship
b. Vertical Facial Development
c. Transverse Facial Shape Type
5. Recommendation for Orthodontic Management

TOTAL SCORE
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APPENDIX B

SELF-EFFICACY SURVEY

Please rate your degree of confidence in performing the following tasks by recording a

number from 1 to 5 using the scale given below:

Diagnosing dental developmental stage:

1 2 3 4 5
Cannot Can moderately do Highly certain
do at all can do

Diagnosis of occlusal problems (transverse, vertical, and sagittal):

1 2 3 4 5
Cannot Can moderately do Highly certain
do at all can do

Arch length / tooth dimension discrepancies (crowding or spacing in either arch):

1 2 3 4 5
Cannot Can moderately do Highly certain
do at all can do

Skeletal type classification (transverse, vertical and sagittal):

1 2 3 4 5
Cannot Can moderately do Highly certain
do at all can do

Recommendation for orthodontic management:

1 2 3 4 5
Cannot Can moderately do Highly certain
do at all can do
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APPENDIX C
SAMPLE CASE RECORDS FROM ONLINE ASSESSMENTS
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APPENDIX D

CONSENT FOR RESEARCH

Title of research:

Online Assessment-Enhanced Learning in Pre-Doctoral Orthodontic Clinical Decision
Making (TEMP-5539)

Investigator and Department:

Amrita Bhan, DMD
Department of Orthodontics, Temple University Kornberg School of Dentistry

Why am | being invited to take part in this research?

We invite you to take part in a research study because you are a pre-doctoral student at Temple
University Kornberg School of Dentistry (TUKSoD) completing your orthodontic clinical
rotation.

What should | know about this research?

Someone will explain this research to you.

Whether or not you take part is up to you.

You can choose not to take part.

You can agree to take part and later change your mind.
Your decision will not be held against you.

You can ask all the questions you want before you decide.

Who can | talk to about this research?

If you have questions, concerns, or complaints, or think the research has hurt you, contact the
principal investigator, Amrita Bhan, DMD at phone: (215) 707-2866 or email:
tue71347@temple.edu.

This research has been reviewed and approved by an Institutional Review Board. You may
talk to them at (215) 707-3390 or e-mail them at: irb@temple.edu for any of the following:

Your questions, concerns, or complaints are not being answered by the research team.
You cannot reach the research team.

You want to talk to someone besides the research team.

You have questions about your rights as a research subject.

You want to get information or provide input about this research.

32


mailto:tue71347@temple.edu

Why is this research being done?

The amount of orthodontic treatment being rendered by general dentists is increasing. Previous
work has shown that e-learning plays an important role in dental education, and that
assessments in pre-doctoral orthodontic education produce higher competence rates than the
traditional approach of lectures and classroom exercises. This study aims to determine the
effect of adding an online assessment to the clinical performance of third year dental students
in the areas of orthodontic screening and related self-efficacy.

How long will | be in this research?

We expect that your participation will include one-time completion of a survey which should
take approximately 5-10 minutes which will be completed in addition to the required activities
during your orthodontic clinic rotation.

What happens if | agree to be in this research?

If you agree to be in this study, we will ask you to complete a paper-and-pencil survey. The
survey will include questions about your confidence in orthodontic screening. We will utilize
the results from your survey and information from your orthodontic clinic screening as part of
the study. The information from your survey and screening will be linked via a unique
identification number which only the principal investigator will be able to access. Your
participation in this study will not impact your grade in any way.

What happens to the information collected for this research?

To the extent allowed by law, we limit the viewing of your personal information to people who
have to review it. We cannot promise complete secrecy. The IRB, Temple University, Temple
University Health System, Inc. and its affiliates, and other representatives of these
organizations may inspect and copy your information.
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APPENDIX E

IRB APPROVAL

Certification of Approval for a Project Involving Human Subjects

Date: 22-Dec-2016

Protocol Number: 24182

Pl: GODEL, JEFFREY H.

Review Type: EXEMPT

Approved On: 22-Dec-2016

Approved From:

Approved To:

Committee: Al

School/College: DENTAL SCHOOL (0700)

Department: DENTAL:ADMISSIONS (07020)

Sponsor: NO EXTERNAL SPONSOR

Project Title: Online Assessment-Enhanced Learning in Pre-Doctoral Orthodontic Clinical Decision
Making

The IRB approved the protocol 24182. If the study was approved under expedited or full board review,
the approval period can be found above. Otherwise, the study was deemed exempt and does not have
an IRB approval period. If applicable to your study, you can access your IRB-approved, stamped
consent document or consent script through eRA. Open the Attachments tab and open the stamped
documents by clicking the View icon next to each document. The stamped documents are labeled as
such. Before an approval period ends, you must submit the Continuing Review form via the eRA
module. Please note that though an item is submitted in eRA, it is not received in the IRB office until
the principal investigator approves it. Consequently, please submit the Continuing Review form via the
eRA module at least 60 days, and preferably 90 days, before the study's expiration date.

Note that all applicable Institutional approvals must also be secured before study implementation. These
approvals include, but are not limited to, Medical Radiation Committee (“MRC”); Radiation Safety
Committee (“RSC”); Institutional Biosafety Committee ("IBC"); and Temple University Survey
Coordinating Committee ("TUSCC"). Please visit these Committees’ websites for further information.
Finally, in conducting this research, you are obligated to submit modification requests for all changes
to any study; reportable new information using the Reportable New Information form; and renewal and
closure forms. For the complete list of investigator responsibilities, please see the Policies and
Procedures, the Investigator Manual, and other requirements found on the Temple University IRB
website: http://www.temple.edu/research/regaffairs/irb/index.html

Please contact the IRB at (215) 707-3390 if you have any questions.
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