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ABSTRACT 

 

Objectives: A pilot study evaluated the effect of an online assessment on 

orthodontic diagnostic decisions of dental students subsequently attending an orthodontic 

diagnostic examination. Case-based assessment improved clinical performance scores 

when screening patients. This study continues exploration of student performance by 

changing the time of assessment completion. 

Methods: Third year dental students are required to complete an orthodontic 

diagnostic examination as a graded clinical course requirement. Before the clinical 

examination, students review an online module subsequent to a didactic lecture course. 

The control group (n=66) completed a graded pre-assessment before viewing the online 

module and a graded post assessment after reviewing the online module. Both pre and 

post assessments were completed prior to the rotation. The experimental group (n=66) 

completed the pre-assessment prior to viewing the online module and completed the post-

assessment after the screening rotation. Control and experimental groups completed a 

self-efficacy survey before and after the screening rotation to evaluate their self-

confidence in diagnosing and treating malocclusions. The control and experimental 

groups were compared based on their online diagnostic assessment scores and 

self-efficacy surveys. 

Results: We found a substantial increase in total online pre and post-test 

assessment performance for the experimental group (p=0.000), but no difference between 

the pre-self-efficacy scores from the control group and experimental group (p=.631).  
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Finally, a substantial increase in the students’ self-efficacy confidence occurred by 

changing the timing (p=0.002). 

Conclusion: This study shows that screening patients in a clinical scenario can 

improve student’s performance in case based assessments. Student confidence also 

increased after taking the post-assessment module and screening patients. Evaluating 

patients helped students solidify their learned diagnostic information and better apply it to 

a case based scenario. 
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CHAPTER 1 
 

INTRODUCTION 
 

 
Predoctoral dental students are taught basic orthodontic principles.  But there is a 

paucity of information on the later competence of students’ application of such teaching 

and learning in a clinical setting. 

General dentists are primary care providers; hence, must be able to adequately 

diagnose and recognize malocclusions.  We argue, dental curriculum must provide a 

competency-based course in orthodontics.  And such course must provide a uniform 

orthodontic education to all students.  This will allow students to learn and apply, the 

necessary skills needed in diagnosing malocclusions (Lipp, 2008).  Interestingly, teaching 

methods among dental schools vary.  Some schools do not offer an orthodontic 

curriculum until the third year of dental school, while others begin in the first year (Kwo 

& Orellana, 2010).   

 

Teaching and assessment types: 

Commonly, dental schools assess the pre-doctoral students with a pre-test and a 

post-test (Freda & Lipp, 2015).  Published reports suggest even without any instruction, 

test results of dental students’ performance from the pre to the post test are improved 

(Freda & Lipp, 2015).  Testing students with a pre-test prior to clinical application and 

later after clinical application, has shown improvement in their scores due to students’ 

personal interest in discovering their areas of deficiency (Freda & Lipp, 2015).  

Meanwhile, case-based education was shown to be very effective; dental students were 

able to apply the didactic information to clinical scenarios.  
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Case-based education has been discussed in dental literature.  A proximal 

outcome from such deliberations was case-based courses can have an online component 

(McKenzie, 2013).  Computer-assisted learning in dental education has shown to be a 

valuable tool with dental students and some evidence suggests that it can be more 

efficient than traditional learning.  It is argued that students can learn at their own pace 

(Al-Jewair et al., 2010).  In orthodontics, computer-based patient records have been used 

and found valuable.  They provide dental students with an accessible source of study 

materials, and that they are as effective as conventional paper records.  It has been 

reported that computer-assisted learning is perceived favorably by the dental students and 

has increased their motivation levels (Komolpis & Johnson, 2002). As technology 

continues to evolve, dental schools have started to incorporate a variety of new teaching 

and assessment methods, such as online case based assessments and computer-assessed 

learning courses. These new methods have been shown to be as effective, if not more 

effective in dental school education.  
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CHAPTER 2 

REVIEW OF THE LITERATURE 

                        2.1 Pre-doctoral Orthodontic Education 
 

Orthodontic education is a required component of curriculum in all dental 

schools.  The Commission on Dental Accreditation (CODA) administered a standard that 

graduates must have the knowledge and skills to diagnose malocclusions and understand 

space management.  All dental schools are expected to incorporate this standard in their 

institution.  CODA states “The school identifies the competencies that will be included in 

the curriculum based on the school’s goals, resources accepted general practitioner 

responsibilities and other influencing factors” (CODA, 2013).  Unfortunately, this 

equivocal statement promotes a lack of consistency in the pre-doctoral orthodontic 

education among dental schools.  Schools vary in the topics emphasized, in their testing, 

as well as, the timing of orthodontic education.  The literature regarding pre-doctoral 

orthodontic education in the US is limited.  Kwo and Orellana in 2010, performed one of 

the few studies to evaluate pre-doctoral orthodontic education.  

Their study employed a survey to evaluate the discrepancies in orthodontic 

education among dental schools. Their results indicated that dental schools vary in all 

criteria on the survey including the year orthodontic material was first presented to pre-

doctoral students (Kwo & Orellana, 2010).  These authors reported 77% of schools 

introduced orthodontic material to their student during the first year; it ranged form 0-5 

hours/semester. The remaining 23% provided their students with more than five hours of 

instruction.   
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Their data also revealed 33% of schools provided 0-5 hours/semester to their students in 

the second year of dental school, with the remaining 67% providing more than five.  

Also, 44% of schools provided more than fifteen hours of instruction during the third 

year.  In the fourth year, 53% of schools provided 0-5 hours of instruction and 47% 

providing more.  Of the instruction given during the fourth year, 73% of schools only 

provided didactic courses, while 27% provided both didactic courses and lab instruction.  

Aside from didactic courses, results indicated less than half (48.15%) of schools that 

responded to the survey, required students to treat orthodontic patients.  All schools 

included in the study, only required students to treat five patients per semester with fixed 

appliances or clear aligners.  Also reported was 69% of those schools allowed students to 

treat both permanent and mixed dentition patients.  In contrast, 65% of all the schools 

required students to observe graduate orthodontic residents, but they varied in the amount 

of required observation hours (<5 hours->10 hours).  Along these lines, 34% of schools 

required students to assist graduate orthodontic residents, ranging from 5-10 hours (Kwo 

& Orellana, 2010).   

At Temple University’s Kornberg School of Dentistry, students’ pre-doctoral 

orthodontic curriculum includes a Craniofacial Growth and Cephalometrics course in the 

first year, an Orthodontic Considerations in General Dental Practice course and a 

rotation, in the orthodontic screening clinic in their third year.  In the screening clinic, 

students are required to evaluate and diagnose patients’ malocclusions and transfer them 

to the Graduate Orthodontic Clinic for treatment.  Other schools such as, Indiana 

University, on the other hand, require their dental students to take a more hands-on 

approach with their pre-doctoral orthodontic education.  
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Other than didactic courses, students are required to treat at least one limited-treatment 

orthodontic patient and monitor another previously treated orthodontic patient through 

retention (Hohlt & Roberts, 1997). 

  The University of Texas at San Antonio provides their dental students with 

orthodontic didactic courses in their second year and third year, with the third year 

course, which includes a case-analysis seminar.  They provide students an option to 

participate in a pre-clinical orthodontic course in their third and fourth year, where they 

treat patients with limited orthodontic problems.  Once they complete this course, the 

students are able to become a certified in invisible aligner techniques.  Students who are 

interested in pursuing a graduate orthodontic specialty are also given the opportunity to 

participate in a literature review course and rotate in the graduate orthodontic clinic twice 

(Predoctoral Orthodontics, 2018).  The University of Pennsylvania begins their pre-

doctoral orthodontic curriculum in the second year, where students take a didactic course 

and a laboratory course.  In the lab course, students are taught how to bond fixed 

appliances, bend wires and fabricate removable appliances (Curriculum Second Year, 

2018).  In the third year, students are given another orthodontic didactic course 

(Curriculum Third Year, 2018).  In their fourth year, students are required to treat at least 

one patient with a limited orthodontic problem, i.e., crossbite correction, anterior teeth 

alignment prior to restorations, forced eruption, or realignment of teeth that have drifted 

after extractions (Curriculum Fourth Year, 2018).   

The concept of competency in orthodontics as a dental student is important yet, 

there is notable variation in how competencies are administered and evaluated.   



6 
 

According to CODA, “graduates must be competent in providing oral health care within 

the scope of general dentistry, as defined by the school including…malocclusion and 

space management” (CODA,2013).   

Kwo and Orellana evaluated the competency assessment methods among schools and 

results indicated 100% of schools used written exams as part of their competencies.  In 

this group, 25% of schools used OSCEs, 56% used clinical exams and 74% used 

laboratory exams, to assess competency.  

Self-evaluation is an integral component of being competent, as it is essential for 

an individual to have an understanding of what is satisfactory and what needs further 

improvement.  “Graduates must demonstrate the ability to self-assess, including the 

development of professional competencies and the demonstration of professional values 

and capacities associated with self-directed, life-long learning” (CODA,2013). In 1998, 

Oesterle and Belanger conducted a study among dental schools to evaluate how they 

were administering competencies.  They mailed 53 dental schools a questionnaire and 

received 38 responses (72% return rate).  In response, 65% of schools indicated that 

orthodontic competency was achieved through treating orthodontic patients.  And 

21% required an orthodontic rotation to achieve competency, and 13% required both. 

Furthermore, only 61% of schools evaluated orthodontic clinical competency either 

through daily clinical evaluations, student conferences or an oral or written competency 

exam (Oesterle & Belanger, 1998).  
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2.2 Distance Education 

The role of distance learning has gained popularity within the dental school 

curriculum due to a variety of reasons: shortage of dental school faculty, insufficient class 

time, or as an adjunct to traditional lectures (Klein, 2012).  

Distance education is not necessarily seen as a replacement to classroom 

instruction; rather, a reinforcement to it.  In 2012, Klein, et al. investigated the 

perspective of dental students and faculty regarding distance seminars.  The distance 

seminars included online seminars followed by online post-seminar discussion.  Among 

the faculty 79% and among the residents 74% agreed that the distance seminars were 

useful teaching tools (Klein et al., 2012).  

 

2.3 Testing Enhanced Learning 

“Test-enhanced learning” is a concept that demonstrates how testing can improve 

retention of studied information.  Studies have shown repeated testing can lead to long 

term retention of studied material and improvement in skills as opposed to repeated 

studying with only one test. McConnell, et al. (2015) conducted a study evaluating the 

type of questions that led to improved retention by administering a course to Quebec 

medical students.   
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The course used four educational activities: 1) only studying, 2) testing with short answer 

questions, 3) testing with context-free multiple-choice questions, and 4) testing with 

context-rich multiple choice questions.  

Context-rich multiple-choice questions were clinical case-based.  After the 

course, the students completed a mock licensure exam.  They concluded that context-rich 

multiple-choice questions, ones that require application of clinical information, are as 

effective as short answer questions in producing retention of studied material.  Learning 

was also enhanced when context-based questions were testing similar objectives 

(McConnel et al., 2015).  

One of the ways educators have tested students is by administering a pre-test and 

a post-test, because it has been shown to motivate students to study information, they 

need improvement on (Freda & Lipp, 2015).  Freda and Lipp (2015) applied the concept 

of test-enhanced learning to pre-doctoral orthodontic competencies.  They compared 

dental students who received classroom-based presentations with students who received 

test-enhanced case-based activities over the course of four years.  The test-enhanced 

group performed better on the case-based competencies than the traditional learning 

group.  

 
2.4 Case-Based Learning 

Case-based learning involves clinical case scenarios and associated questions that 

relate to the case (Cragun et al, 2011).   
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Clinical-based simulation assessments have shown to be an important component for 

student learning and can aid in real-life patient-based competencies (Lipp, 2008).  With 

case-based learning, students are given the opportunity to apply didactic information to 

clinical scenarios.  Case-based learning helps students not only obtain knowledge, but 

also enhance their clinical reasoning skills and apply it specific patient situations.  

 It helps focus their attention and dictates that they come up with a resolution for the 

problem at hand (Ilguy et al, 2014).  It allows students to learn the information in a way 

that mimics how the information will be used in real life clinical situations.  The 

experience of case-based learning has also shown to help increase the confidence of 

students.  Case-based learning that uses the web allows students to have a virtual 

experience that they may otherwise not have the opportunity to see (Thomas et al, 2001).  

In 1994, Engel and Hendricson investigated orthodontic case-based learning. Groups of 

junior dental students were given diagnostic data on orthodontic cases to diagnose and 

treatment plan. Following their diagnosis and treatment planning, seminars were 

conducted to allow students to discuss the cases with instructors. Students reported 

increased confidence in diagnosing and treatment planning, following the orthodontic 

case-based learning seminars (Engel & Hendricson, 1994). In 2012, McKenzie conducted 

a study to evaluate dental students’ perspective on case-based learning.  A pre- and post-

survey was administered to dental students after a case-based course was completed. 

Upon completion of the course, students expressed an improvement in their treatment 

planning abilities (McKenzie, 2013).  In 2012, Koole et al. evaluated the use of a case-

based module and discussion among dental students.   
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Groups of dental students were assigned online cases where they were provided with the 

patient history, photos, periodontal charting and radiographs.  

Students were required to discuss the diagnosis and come up with an appropriate 

treatment plan.  Following the discussions, student and faculty were given questionnaires 

to assess the opinions on the case-based module.  They concluded that both students and 

faculty valued the course, and in conjunction with traditional lecture, a case-based 

module can help students apply theory to practice (Koole et el, 2012).  In 2014, Ilguy et 

al. compared a group of dental students receiving either only lecture-based learning or 

only case-based learning.  

The lecture-based group received classroom instruction on oral diseases, 

compared with the case-based group whose classroom time was devoted to diagnosing 

presented cases and discussing their management.  Both groups were then required to 

take an exam which involved diagnosing an oral disease, discussing its etiology and 

outlining a treatment plan.  The exam was evaluated with SOLO (The Structure of 

Observed Learning Outcome) taxonomy, which helps evaluate the responses and 

performance of the students.  SOLO categorizes the outcomes as pre-structural, 

unistructural, multi-structural relational, and extended abstract.   

At the pre-structural level, the answer misses the point. “At the unistructural level, 

the answer shows one string of relevant details. At the multi-structural level, the answer 

contains several strings of details that are unrelated to each other. At the relational level, 

the answer shows how the different strings of details relate to each other, and the relevant 

aspects are integrated into a coherent overall structure.  
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The final level is the extended abstract, in which the answer shows that the construction 

of knowledge and the coherent whole are generalized to a higher level of abstraction” 

(Ilguy et al., 2014).  The results showed that students in the case-based learning group 

had higher scores in the relational and extended abstract categories. The questions in 

these categories involved outlining a treatment plan, evaluating the prognosis and 

synthesizing a potential interaction with systemic diseases. Therefore, this study shows 

that a case-based curriculum can stimulate deep learning and understanding of the topic 

and allow for a well-thought-out approach to problem solving (Ilguy et al, 2014). 

Richards and Inglehart stated that “At its most basic, instructors may use a clinical 

case to raise awareness about a specific issue, dramatize the importance of a particular 

health problem or treatment strategy, or introduce a topic.  At the other end of the 

spectrum, however, students can document their clinical care of patients and present it to 

other students and clinicians in case-based comprehensive care seminars” (Richards and 

Inglehart, 2006).  

2.5 Computer-Assisted Learning 

Computer-assisted learning (CAL) is a form of self-instruction that involves 

computer or web-based education.  Many dental institutions have incorporated computer-

assisted learning in their curriculum, allowing students to have more flexibility in their 

education. There have been mixed reviews in the literature regarding the benefits of 

computer-assisted learning.  

A systematic review conducted by Rosenberg, et al., (2005) assessed the 

effectiveness of computer-assisted learning in orthodontic education.  Their review 

evaluated four randomized control trials.   
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The conclusion from this study was that there is insufficient evidence that CAL should 

replace traditional lectures; it could be used as an adjunct. CAL was shown to be 

advantageous in presenting orthodontic records for diagnosing and treatment planning 

(Rosenberg, et al., 2005).  Furthermore, students showed a positive response to CAL 

because it allowed them to learn at their own pace (Rosenberg et al., 2005). In 2009, Al-

Jewair et al. investigated the efficacy of computer-assisted learning in orthodontic 

education. In contrast to Rosenberg et al., this systematic review included nine RCTs and 

prospective studies. They concluded that students using CAL demonstrated a small but 

statistically significant gain in knowledge.  Similar to Rosenberg et al.’s review, most of 

the studies concluded that students had a positive attitude toward CAL.  This was 

attributed to the individualized and interactive learning environment provided by CAL 

(Al-Jewair, et al., 2009).  

In 2001, Komolpis and Johnson investigated the use of a web-based orthodontic 

assessment in pre-doctoral students, a type of computer assisted learning.  

 Using a case-based web assessment allows students to diagnose a variety of 

malocclusions that they may not see during their orthodontic rotation.  Komolpis and 

Johnson evaluated the effectiveness of the web assessment in presenting the patient 

records compared to traditional records.  The authors concluded patient records presented 

online were equivalent to traditional records, were useful for student education and 

provided a good platform for testing (Komolpis & Johnson, 2002).     

In 2005, Nurko and Proffit assessed student acceptability and perceived 

effectiveness of web-based self-instruction followed by small group seminars, as opposed 

to traditional lectures.   
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A pre-doctoral orthodontic course at the University of North Carolina was replaced with 

a web-based self-instruction and group seminars.  The course objectives were to “to 

provide students with the ability to determine orthodontic treatment needs in children and 

adults, to recognize treatment alternatives for orthodontic problems, and to provide 

appropriate counseling to the patients regarding their orthodontic patients regarding their 

orthodontic needs” (Nurko & Proffit, 2005).  Students were required to complete eleven 

online modules and four group seminars.  Following the seminars students were asked to 

rate the acceptability and effectiveness and results showed that they both accepted the 

web-based course and felt they were an effective teaching method.  Furthermore, web-

based lectures provided faculty flexibility in areas of shortage and allowed for an 

individualized student learning experience (Nurko & Profit, 2005).  

According to Bhan, et al. (2018), students can benefit from online learning, as 

they can learn at their own pace and review the information multiple times.  

 It was noted, however, online learning requires motivation and discipline from the 

student (Bhan et al., 2018).  Bhan, et al.’s pilot study investigated the addition of an 

online assessment on the performance and self-efficacy of third year dental students, in 

screening orthodontic patients.  The study concluded that the addition of the online 

assessment improved students’ performance in the screening orthodontic patients.  Their 

performance improvement was specifically in the areas of vertical dimension, crowding 

and spacing in the mandibular arch, and vertical skeletal development (Bhan et al, 2018).  
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2.6 Self-Efficacy 

Self-efficacy, a term defined by Bandura, is a “belief in one’s capabilities to 

organize and execute the courses of actions required to produce given attainments” 

(Bandura,1995, p.2). The concept of self-efficacy, therefore, is one’s perception of their 

confidence to be able to perform the specific task. Self-efficacy is associated with cognitive 

perceptions of competence and asks “can” questions, e.g., “can I diagnose occlusal 

problems?” (Hughes et al., 2011).  Bandura has argued that there is an overlap between the 

theories of self-efficacy and self-concept; however, there are multiple distinctions between 

them (Bandura, 1995).  Bandura described self-efficacy as a mastery of a specific task that 

is based on a person’s mental and physical abilities (Bandura, 1995).  Self-concept, on the 

other hand, is not context based, but rather based on past experiences and self-comparisons.  

Self-concept is also recurrent and stable whereas, self-efficacy is based on a specific time 

and varies based on individual experiences (Hughes et al., 2011).  

Self-efficacy is affected by performance accomplishments, where multiple 

successes at a task will lead to strong self-efficacy and multiple failures will have the 

opposite effect. Failures that are followed by successes can create a sense of self-motivated 

persistence, which can positively affect self-efficacy. Perceived self-efficacy effects the 

amount of effort one puts into the task and how long they will persevere when faced with 

problems. Therefore, the more confident individuals feel about a task, the more likely they 

are to persistent in their efforts (Bandura, 1977).  Bandura describes a self-efficacy scale 

as one that presents an individual with a task and then asks them to rate their belief in their 

ability to perform that task.  The scale ranges from cannot do at all, moderately certain can 

do, to highly certain can do.   
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The scale is scored on an individuals’ abilities in that specific point in time, not 

based on their future abilities.  To administer a self-efficacy scale before a task has not 

been shown to have an effect on one’s motivation and performance of the task (Bandura, 

2006).  

In the Bhan, et al. study (2018), mean self-efficacy scores of students in both the 

control and experimental groups, increased after screening five orthodontic patients. The 

experimental group pre-rotation self-efficacy scores were lower than the control group, 

which indicates that the online assessment helped students become more cognizant of gaps 

in their knowledge.  Even though the post-rotation self-efficacy scores in the experimental 

were lower than the control group, they had a greater overall increase in scores (Bhan et 

al, 2018).  

 

2.7 Summary 

This review of available literature includes: 1) analysis of pre-doctoral 

orthodontic education, 2) presence technology, 3) influence of different types of learning.  

The pre-doctoral orthodontic education varies by school, with each applying different 

criteria and timing of requirements, for students to be considered competent.  Various 

types of teaching and assessment types have been discussed in the literature.  Distance 

learning has been shown to be an effective adjunct to live seminars, giving students 

flexibility and providing a solution to faculty shortage.  Computer-assisted learning also 

provides students with flexibility since they can learn at their own pace.   
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CAL case-based assessments not only give students the ability to apply learned 

information to clinical situations, but also allows them to evaluate cases they may not 

have the opportunity to otherwise see.  

 Testing-enhanced learning is an effective modality for increasing retention of 

study material and helping students identify their deficient areas. Self-efficacy, perceived 

self-confidence, also plays a role in student learning because it affects how much effort a 

student will put into a task.  Recent literature pertaining to online education, case based, 

test-enhanced, distance and computer-assisted learning in orthodontics were included in 

this review; however, as more novel literature and technology becomes more common in 

education, will be needed.  
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CHAPTER 3 
 

AIMS OF THE INVESTIGATION 
 

A pilot study evaluated the effect of an online assessment on orthodontic 

diagnostic decisions of dental students with electronic patient orthodontic records 

subsequently attending an orthodontic diagnostic clinical examination. Case-based 

assessment improved clinical performance scores when screening patients. This study 

continues exploration of student performance by changing the time of assessment 

completion.  

This study was designed to assess whether the timing of the online post-test will 

affect student performance and student self-efficacy.  In the control group the online post-

test is given before the screening rotation whereas, in the experimental group the post-test 

is given after the rotation.  Therefore, the study aimed to evaluate if screening patients 

during the orthodontic rotation improved the post-online module scores and student 

confidence.  
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CHAPTER 4 
 

MATERIALS AND METHODS 
 

Educational Context to the Study 
 

At Kornberg School of Dentistry, orthodontic education provided to dental 

students includes didactic courses, orthodontic rotation in the screening clinic, and an 

online assessment to be taken prior to and upon completion of the rotation.  The courses 

are taken during the first year and third year of dental school.  The first course is entitled 

Craniofacial Growth and Cephalometerics and its goal is to “educate competent general 

practioners capable of: A systematic approach to diagnosis and management of 

malocclusion and arch perimeter space maintenance in the mixed or permanent dentition. 

The goal is to develop clinical competency in recognizing developing malocclusions and 

abnormal dental positioning as a differential diagnosis from normal development” 

(Sciote, 2018). The six course goals include:  

1. Clinical identification of dental age 6 through 12 as milestones in the 

transition from the primary to adult dentition  

2. Orthodontic management of children age 6 through 12, or later ages, utilizing 

patient history, extraoral examination of soft tissue, intraoral examination, 

radiographic records as needed and overall differential orthodontic diagnosis.  

3. Performance of an extraoral exam which requires an understanding patient 

head and occlusal positions and assessment of the sagittal relationship of the 

dental base position, the sagittal profile pattern, vertical soft tissue 

relationships, lip competence and transverse soft tissue relationships.  
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4. Performance of an intraoral exam which requires an understanding of shape 

and size of individual dental arches, size and shape of facial types, number 

and size of teeth, occlusal relationships in the primary, mixed and permanent 

dentition, malpositioned teeth, sequence and position of erupting teeth and an 

estimation of arch perimeter space need for the erupting canines and 

premolars. 

5. Diagnosis and management of premature loss of primary molars and necessity 

of space maintenance are specifically addressed in the intraoral exam section.  

6. Radiographic evaluation of panoramic images and evaluation of lateral 

cephalometric images, as required, to diagnose developmental jaw 

malpositions and aberrations in tooth development and position.  

The second course, taken during the junior year, is entitled Orthodontic 

Considerations in General Dental Practice and its goal is “to educate competent general 

practitioners capable of recognizing orthodontic problems, understanding coordination of 

treatment between orthodontists and other dental practitioners, and learning when it is 

appropriate to refer patients to an orthodontist” (Slutsky, 2018).  During the third-year 

didactic course, dental students participate in a rotation in the orthodontic screening 

clinic.  Before and after the rotation, students complete an online assessment and a self-

efficacy questionnaire (Appendix A). The online assessment includes digital records 

(including photographs and x-rays), of two orthodontic patients for the pre-test and two 

different patients for the post-test.  During the rotation, students are required to screen 

patients and diagnose their malocclusion and determine the adequate treatment.  
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Materials and Methods 

In the third year of dental school, dental students are assigned an orthodontic rotation 

in the screening clinic. The screening clinic consists of patients who are referred from 

Medicaid, their general dentists or are personally interested in orthodontic treatment. 

Each patient is screened by a dental student as well as an orthodontic resident. Once 

assessed, these patients are transferred to the Graduate Orthodontic Clinic and are treated 

by the orthodontic residents. During the rotation, dental students evaluate the new 

patients and are required to assess and diagnose their malocclusion and need for 

treatment. The students are supervised by orthodontic residents and faculty. The students 

are required to evaluate two patients and score at least a 7/10 on the screening form 

(Appendix B), in order to qualify to take the formative competency. The screening form 

tests students’ abilities in multiple categories:  

• Diagnosis of dental developmental stage  

• Diagnosis of occlusal problems 

o Sagittal  

o Vertical  

o Transverse 

• Arch length or tooth dimension discrepancies  

• Skeletal type classification 

o Sagittal  
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o Vertical  

o Transverse 

• Recommendation for orthodontic management  

Every screening form also has a student self-assessment and self-directed learning section 

that students are required to complete before moving on to the next patient. Following the 

completion, the orthodontic resident grading the student is required to comment on the 

student’s performance (Appendix C).  Once the students pass the formative competency 

exam, they can take the summative competency exam. In order to pass the rotation, the 

student must pass both competency exams and evaluate at least five patients. The 

competency exams consist of core professionalism competencies, diagnosis of 

malocclusion and space management needs, student’s critical thinking process, self-

assessment and self-directed learning.  The critical thinking process section takes 

diagnosing malocclusions one step further, by making students think about possible 

treatment and management strategies.  The self-assessment and self-directed learning 

sections of the competency exams allow students to evaluate their performance and 

identify deficient areas, after the faculty member grades them (Appendix D).  

 Before students begin their orthodontic rotation, they are required to review an 

online presentation that was taught in their first year of dental school.  The presentation 

entitled Diagnosis of Developing Malocclusions: A Systematic Approach to Diagnosing 

Malocclusions in the Mixed Dentition, was taught in the Craniofacial Growth and 

Cephalometerics course.  The online presentation reinforces diagnostic concepts and 

orthodontic management strategies.   
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The students are also required to take a pre-test which comprised of two clinical 

cases. Each case contains clinical photographs and radiographs (Appendix F). Students 

are asked various questions pertaining to diagnosing malocclusions and treatment 

recommendations. Students are also required to complete a pre-rotation self-efficacy 

survey (Appendix E).  

Upon completion of the orthodontic rotation, the students were required to 

complete a post-rotation self-efficacy survey (Appendix E) and a clinical based post-test, 

similar to the pre-test (Appendix G). Data from 60 students, from half of the Class of 

2020, served as the experimental group.  

A pilot study conducted by Bhan, et al. in 2018 evaluated the effect of adding an 

online assessment on the performance and self-efficacy of pre-doctoral students in the 

orthodontic screening clinic at Kornberg School of Dentistry. The study administered the 

pre and posttest online assessments to half the students (n=60) prior to the rotation, this 

served as the experimental group.  Whereas, the other half of the students (n=60), the 

control group, did not receive an online assessment.  Both the experimental and control 

groups completed a pre-rotation and post-rotation self-efficacy questionnaires. The 

control and experiment group consisted of dental students from the Class of 2018 and 

Class of 2019 respectively.  Baseline data was collected from 120 students and the 

average clinical based pre and post-test and self-efficacy scores were calculated (Bhan, 

2018).  The experimental group in the Bhan et al. study served as the control group in this 

study.  
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The orthodontic residents were calibrated to enhance inter-rater reliability in 

evaluating the performance of the dental students.  The residents were required to review 

the online presentation Diagnosis of Developing Malocclusions: A Systematic Approach 

to Diagnosing Malocclusions in the Mixed Dentition.  They were also required to take the 

pre-test and post-test examinations and discuss the answers to come up with a consensus.  

The control and experimental groups were compared by self-efficacy scores and pre and 

posttest average scores. 

Outcome 1a: Comparison of the pre-rotation self-efficacy scores between the 

control and experimental group  

Outcome 1b: Comparison of the post-rotation self-efficacy scores between the 

control and experimental group 

Outcome 2a: Comparison of the online post-test scores between the control and 

experimental group  

Outcome 2b: Comparison of the online pre-test scores and post-test scores in the 

experimental group 

Figure 1: Control Group Workflow 

Figure 2: Experimental Group Workflow  
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This study was designed to assess whether the timing of the online post-test will 

affect the scores.  In the control group the online post-test is given before the screening 

rotation whereas, in the experimental group the post-test is given after the rotation.  

Therefore, does screening patients during the rotation improve the post-test scores?  In 

terms of self-efficacy, does completing the testing before the rotation vs after the rotation, 

influence the self-efficacy scores?  

The null hypotheses were:  

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

and post rotation) between control and experimental groups 

2. There will be no statistically significant differences in post online module 

assessment scores between the control and experimental group  

3. There will be no statistically significant differences in pre and post online 

module assessment scores in the experimental group 

The alternative hypotheses were:  

1. There will be statistically significant differences in self-efficacy scores (pre 

and post rotation) between control and experimental groups. 

2. There will be a statistically significant difference in post online module 

assessment scores between the control and experimental group  

3. There will be statistically significant differences in pre and post online module 

assessment scores in the experimental group. 
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CHAPTER 5  
 

RESULTS 
 

The experimental group in the pilot study performed by Bhan et al. in 2018 was 

used as the control group in this study.  This control group was compared to the 

experimental group for student performance on the online assessment and self-efficacy 

before and after the clinical rotation.  The control and experimental groups were students 

from the Fall of 2019 and Fall of 2020 classes, respectively, to ensure both groups of 

students were in the same place in their dental education.  

 

Online Assessment Performance 

5.1 Online Assessment Student Performance Class of 2019 

The pre-test online assessment for the Class of 2019 was taken prior to the 

viewing the online module and prior to the clinical screening rotation.  The mean pre-test 

online assessment scores was .5294 (SD=0.10).  The post-test online assessment was 

taken after students viewed the online module, but also before they completed the clinical 

screening rotation.  The mean for the post-test online assessment scores was .6444 

(SD=0.17).  

Year Pretest PostTest 
2019 N               66 66 

Mean               0.5294 0.6444 
Std. Error of Mean 0.01244 0.02149 

Std. Deviation 0.10106 0.17462 

Fig.3- Online Assessment Student Performance Class of 2019 
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5.2 Online Assessment Student Performance Class of 2020 

The pre-test online assessment for the Class of 2020 was taken after viewing the 

online module and prior to the clinical screening rotation.  The mean for the pre-test 

online assessment scores was .6748 (SD=0.07). The post-test online assessment was 

taken after students completed the clinical screening rotation.  The mean for the post-test 

online assessment scores was .8149 (SD=0.07).  

Year Pretest PostTest 

   

 
 
 

   Fig. 4- Online Assessment Student Performance Class of 2020 

 

5.3 Pre-test vs Post-test Online Assessment Student Performance Class of 2019 

The online assessment score was higher in the post test (mean=.6444) than the 

pre-test (mean=.5294). Results of the Student’s t-test showed a statistically significant 

increase in total online assessment score from the pre-test to the post-test in the control 

group (p=0.000). The t-test performed was a paired sample, two-tailed t-test. 

 
 
 
 
 
 
 

Fig. 5- Pre-test vs Post-test Online Assessment Student Performance Class of 2019 
 

 

 

2020 
  

N 66 63 
Mean      0.6748     0.8149 
Std. Error of Mean        0.00903        0.00840 
Std. Deviation        0.07334        0.06664 

 
Paired Differences  

 
 
 
t 

 
 
 
 

df 

 
 
 

Sig. 
(2-

tailed) 

Mean Std. 
Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

2019 Pretest - 
PostTest 

-
0.11506 

0.19864 0.02445 -
0.16389 

-
0.06622 

-
4.706 

65 0.000 
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5.4 Pre-test vs Post-test Online Assessment Student Performance Class of 2020 

The online assessment score was higher in the post test (mean=.8149) than the 

pre-test (mean=.6748). Results of the Student’s t-test showed a statistically significant 

increase in total online assessment score from the pre-test to the post-test in the 

experimental group (p=0.000). The t-test performed was a paired sample, two-tailed test.  

   Fig. 6- Pre-test vs Post-test Online Assessment Student Performance Class of 2020 

 

5.5 Pre-test Online Assessment Student Performance Class of 2019 vs Class of 2020 

The mean online pre- assessment score was higher in the experimental Class of 

2020 group (mean=.6748) than the control Class of 2019 group (mean=.5294). Results of 

the Student’s t-test showed a statistically significant increase in total online assessment 

score from the control group pre-test to the experimental group pre-test, as evidenced by 

the negative mean difference (p=0.000). The t-test that was performed was an 

independent sample, two-tailed t-test.  
 

Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval of 
the Difference 

  Lower Upper 

 Prettest 0.000 -0.14549 0.01537 -0.17593 -0.11506 

Fig. 7-Pre-test Online Assessment Student Performance Class of 2019 vs Class of 2020 

 

 

 
Paired Differences  

 
 
 
t 

 
 
 
 

df 

 
 
 

Sig. 
(2-

tailed) 

Mean Std. 
Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

2020 Pretest - 
PostTest 

-
0.13962 

0.09300 0.01172 -
0.16305 

-
0.11620 

-
11.916 

62 0.000 
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5.6 Post-test Online Assessment Student Performance Class of 2019 vs Class of 2020 

The mean online post- assessment score was higher in the experimental Class of 

2020 group (mean=.8149) than the control Class of 2019 group (mean=.6444). Results of 

the Student’s t-test showed a statistically significant increase in total online assessment 

score from the control group pre-test to the experimental group pre-test, as evidenced by 

the negative mean difference (p=0.000). The t-test that was performed was an 

independent sample, two-tailed t-test.  
 

Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval of 
the Difference 

  Lower Upper 
 Posttest 0.000 -0.17045 0.02308 -0.21633 -0.12456 

Fig. 8- Post-test Online Assessment Student Performance Class of 2019 vs Class of 2020 

 

Self-Efficacy 
 

5.7 Self-Efficacy Scores of the Class of 2019 
 

The pre-self-efficacy scores for the Class of 2019 was taken after the online 

assessments and prior to the clinical screening rotation.  The mean value for the pre-self-

efficacy survey was 16.94 (SD= 3.23). The post-self-efficacy survey was taken after 

students completed the clinical screening rotation. The mean for the post-self-efficacy 

survey was 21.95 (SD= 1.89). 

   Fig. 9- Self-Efficacy Scores of the Class of 2019 

 
 

Year PreSelf PostSelf 

2019 N   66 62 

Mean  16.9394 21.9516 
Std. Error of Mean  0.39806 0.24056 
Std. Deviation  3.23385 1.89414 
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5.8 Self-Efficacy Scores of the Class of 2020 
 

The pre-self-efficacy scores for the Class of 2020 was taken after the pre-test 

online assessment and prior to the clinical screening rotation.  The mean value for the 

pre-self-efficacy survey was 16.67 (SD= 3.18).  The post-self-efficacy survey was taken 

after students completed the clinical screening rotation.  The mean value for the post-self-

efficacy survey was 20.66 (SD= 2.72). 

   Fig.10- Self-Efficacy Scores of the Class of 2020 
 
 

5.9 Pre-Self-Efficacy vs Post-test Self-Efficacy Class of 2019 

The post-self efficacy score (mean=16.94) was higher than the pre-self-efficacy 

score (mean=21.95). Results of the Student’s t-test showed a statistically significant 

increase in the student’s confidence from the pre-self-efficacy survey to the post-self-

efficacy survey (p=0.000). The t-test performed was a paired sample, two-tailed t-test.  
 

Paired Differences  
 
 
 
t 

  

 
 
 
 
         

df 

 
 
 

Sig. 
(2-

tailed) 

Mean Std. 
Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

2019 PreSelf 
- 
PostSelf 

-
5.16129 

2.49060 0.31631 -
4.52880 

-
4.52880 

-16.317 61 0.000 

Fig. 11- Pre-Self-Efficacy vs Post-test Self-Efficacy Class of 2019 

 

 

 

Year  PreSelf PostSelf 
2020 N 67 67 

Mean 16.6716 20.6567 
Std. Error of Mean 0.38831 0.33258 

Std. Deviation 3.17847 2.72226 
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5.10 Pre-Self-Efficacy vs Post-test Self-Efficacy Class of 2020 

The post-self-efficacy score (mean=16.67) was higher than the pre-self-efficacy 

score (mean=20.66). Results of the Student’s t-test showed a statistically significant 

increase in the students’ confidence from the pre-self-efficacy survey to the post-self-

efficacy survey (p=0.000). The t-test performed was a paired sample, two-tailed t-test.  

Fig. 12- Pre-Self-Efficacy vs Post-test Self-Efficacy Class of 2020 

 

5.11 Pre-Self-Efficacy Class of 2019 vs Class of 2020 

Results of the Student’s t-test showed that there was no statistically significant 

difference between the pre-self-efficacy scores from the control group and pre-self-

efficacy scores from the experimental group (p=.631).  The t-test that was performed was 

an independent sample, two-tailed test.  
 

Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval of 
the Difference 

  Lower Upper 

 PreSelf .631 .26775 0.55602 -0.83219 1.36769 

Fig.13- Pre-Self-Efficacy Class of 2019 vs Class of 2020 
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-
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5.12 Post-Self-Efficacy Class of 2019 vs Class of 2020 

Results of the student’s t-test showed a statistically significant increase (p=0.002) 

in the students’ confidence from the control group (2019) post-self-efficacy scores 

(mean=21.95, SD= 1.89) to the experimental group (2020) post-self-efficacy scores 

(mean=20.66, SD=2.72). The t-test performed was a paired sample, two-tailed t-test. 
 

Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval of 
the Difference 

  Lower Upper 

 PostSelf .002 .129490 0.41046 .48209 2.10770 

Fig.14- Post-Self-Efficacy Class of 2019 vs Class of 2020 
 
 

5.13 Self-Efficacy Breakdown by Questions 
 

In each diagnostic category of the post-rotation survey, students demonstrated 

increased confidence. However, in the pre-rotation survey, the students in the control 

group had higher mean self-efficacy in diagnosing the dental developmental stage 

(p=0.000). 

 

 
Fig. 15- Self-Efficacy Breakdown by Questions 
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CHAPTER 6  
 

DISCUSSION 
 
 

Case-based education affords dental students the opportunity to incorporate their 

didactic education into clinical scenarios and increase their self-efficacy in clinical 

reasoning. Case-based education also allows students to evaluate patient records, 

diagnose and treatment plan as if the they are treating the patient in the clinic.  

Consequently, many dental schools use case-based teaching subsequent to a didactic 

course (McKenzie, 2013).  

 
Online Assessment Performance: 

 
The results of our study show that the online assessment scores on both the pre-

assessment and post-assessment were higher in the experimental group compared to the 

control group.  The online assessment scores also increased from the pre-assessment to 

the post-assessment in the control and experimental groups. The online assessment scores 

in the control group for the pre-online module averaged a 5/10 compared with the post-

online module scores which averaged a 6/10. The online assessment scores in the 

experimental group for the pre-online module averaged a 7/10 compared with the post-

online module scores which averaged an 8/10.  This suggests that screening patients in a 

clinical scenario can improve students’ performance in case-based assessments.  In 2011, 

Kumar et al. conducted a study about case based and team learning.  The authors 

concluded that there should be a greater emphasis on first-hand learning and participation 

in clinical situations.   
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In order to gain first-hand experience, there needs to be a shift from a lecture 

environment to an active learning one, which requires students to deal with real life 

scenarios (Kumar et al., 2011).  Case-based learning leads to the type of learning that 

requires students to use critical thinking skills that assimilate skills essential to clinical 

practice (Kumar et al., 2011).  

The 2015 Freda and Lipp study evaluated if test-enhanced learning would have an 

effect on the dental student’s pre-doctoral orthodontic competency.  Similar to our 

results, dental students who performed case-based activities, performed better in case-

based competencies than students who received only classroom-based lectures (Freda and 

Lipp, 2015).  Ilguy et al. similarly concluded that the students taught by case-based 

learning compared with lecture learning, demonstrated higher scores when the students 

were planning the treatment of cases (Ilguy et al., 2014).  

This study implemented case-based learning in conjunction with computer-

assisted learning (CAL).  Incorporation of CAL into this study allowed students to review 

the presentation entitled Diagnosis of Developing Malocclusions: A Systematic Approach 

to Diagnosing Malocclusions in the Mixed Dentition, that was previously taught in the 

Craniofacial Growth and Cephalometerics course.  They also completed the pre-online 

assessment and survey on their own time and at their own pace.  In 2005, Rosenberg, et 

al. evaluated the effectiveness of computer-assisted learning in orthodontic education. 

They determined that CAL should not replace traditional lectures, but it should be used as 

an adjunct. CAL was also shown to be advantageous in presenting orthodontic records for 

diagnosing and treatment planning (Rosenberg et al, 2005).   
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Another study conducted by Komolpis and Johnson also evaluated the 

effectiveness of the web assessment in presenting the patient records compared to 

traditional records.  It was determined that online patient records were comparable to 

traditional records and were beneficial for student education and provided a good 

platform for testing (Komolpis & Johnson, 2002). We were pleased to note the current 

literature supports the use of CAL in our study, to present patient records in both the pre 

and post online assessments.  

Similar to the reports in literature, this study shows that case-based learning is 

advantageous to the learning of the student.  It allows for self-directed learning, clinical 

problem solving and a deeper understanding of diagnosing and treatment planning in 

clinical scenarios.  The increase in online assessment scores from the pre-assessment to 

the post-assessment shows that repeated clinical experiences can improve a student’s 

ability to evaluate and diagnose a patient’s malocclusion.  Although the control group did 

incorporate an online assessment, they did not evaluate patients in a clinical environment 

prior to taking the online assessments.  Thereby, proving that students can benefit from 

case-based activities.  

 

Self-Efficacy 

The results of the study show a substantial increase in the students’ self-efficacy 

occurred by changing the timing of the online module.  There was an increase in student 

self-efficacy when comparing the control and experimental groups as well as when 

comparing the pre and post self-efficacy scores within each group.  
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However, there was no difference between the pre-self-efficacy scores from the control 

group and experimental group. The average pre-self-efficacy score in the control group 

was 17/25 compared to the post self-efficacy score which was 22/25. The average post-

self-efficacy score in the experimental group was 17/25, similar to the control group. 

Whereas, the post self-efficacy score was 21/25.  In each category of the post-rotation 

survey, students showed increased confidence.  In contrast, in the pre-rotation survey, the 

control group had a higher mean self-efficacy in diagnosing the dental developmental 

stage.   

Efforts were made to ensure the control and experimental groups were as similar 

academically as possible.  Despite such equipoise, the control group demonstrated a 

higher confidence in diagnosing the developmental stage in the pre-rotation survey.   

This difference could be attributed to the variation in academic standing between the 

students, which the study did not account for.  A study conducted by Engel and 

Hendricson evaluated pre-doctoral orthodontic case-based learning by placing students in 

seminars that reviewed patient cases.  Similar to our study, students reported an increased 

confidence in diagnosing and treatment planning subsequent to the case-based learning 

seminars (Engel & Hendricson, 1994).  Comparable to our study, McKenzie’ 

incorporated a survey to gage student’s outlook on case-based learning. Prior and 

subsequent to a case-based learning course, students were given a pre and post survey, 

respectively.  They concluded that students expressed an improvement in their treatment 

planning abilities (McKenzie, 2013).  

A possible limitation of this study could have been the students chosen for the 

control and experimental groups.   
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The control group was chosen from students in the Class of 2019 and the experimental 

group was chosen from students in the Class of 2020.  Both groups were students chosen 

from the Fall of their respective graduating years, in order to try and make the groups as 

similar as possible, academically.  Since both groups were selected from the Fall rotation 

period, they all had a similar amount of clinical experience.  In retrospect, a selection of 

two groups from the same class or same academic standing might have been more 

appropriate. This gives us the opportunity to design another study to explore the 

differences.  

Such future study could incorporate 3D models to the set of records presented to 

the students.  Adding a set of 3D models that can be manipulated, would be similar to 

having the student observe the patient in person.  

 Another study could also include different records that are incorporated in an effort to 

evaluate how students’ answers vary depending on the quality of the records.  The study 

could help show how the quality of records affects diagnosing and treatment planning.   
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CHAPTER 7  
 

CONCLUSION 
 
 

This study illustrates that screening patients in a clinical scenario can improve 

student’s performance in case-based assessments.  Student performance on the online 

case-based assessments showed statistically significant improvements after the screening 

rotation, when compared to students who took the assessment before the rotation.  

Examining multiple patients during the screening rotation allows students to see a variety 

of malocclusions.  Such clinical experience compiled with their background didactic 

knowledge, allowed students to perform better on the post-rotation online case-based 

assessment.  

Student confidence also increased after taking the post-assessment module and 

screening patients, with increased self-efficacy in all diagnostic categories.  As students 

moved through the rotation, they became more aware of the gaps in their knowledge and 

were able to apply it to the next patient.  Indeed, as the number of patients screened 

increased, their self-efficacy increased equally.  

Our investigation enhances the relevant case-based learning and computer-

assisted learning literature. Here we report, changing the timing of an online assessment, 

increases student performance on a case-based assessment and their self-efficacy 

significantly. The element of clinically evaluating patients helped students solidify their 

learned diagnostic information and better apply it to a case-based scenario.  
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APPENDIX D 

 
COMPETENCY GRADING AND STUDENT CRITICAL THINKING 
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APPENDIX E 
 

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 F 
 

CASE RECORDS FROM PRE-TEST 
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APPENDIX G 
 

 CASE RECORDS FROM POST-TEST 
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