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Validity and User Experience in an Augmented 
Reality Virtual Tooth Identiication Test
Hera Kim-Berman, Elisabeta Karl, Jason Sherbel, Lauren Sytek, Vidya Ramaswamy 
Abstract: By leveraging emerging technologies in augmented reality (AR) and virtual reality (VR), a Virtual Dental Library and 
AR virtual tooth identiication test were developed at a U.S. dental school. The AR virtual tooth identiication test is a vision-
based AR application that uses three-dimensional models of extracted human teeth as test items. The aims of this study were 

to investigate the validity of the AR virtual tooth identiication test and evaluate the users’ experience with the virtual testing 
method. The AR virtual tooth identiication test scores were compared with real tooth identiication tests, scores on three quizzes, 
inal exam, and inal grade for the course to assess its validity. In addition, a survey was used to assess students’ perceptions of 
the AR tool. In 2018, all 109 irst-year dental students who had completed the dental anatomy course were invited to participate 
in the study. Of the 93 participants, 61 (56% of total students) were included in the correlation analysis (32 were excluded due to 

incomplete test answer sheets or missing criterion measures). All 93 could respond to the survey and provide comments. In the 

results, the AR virtual tooth identiication test had a positive correlation with the real tooth identiication test (r=0.410, p<0.01), a 
combined score of two real tooth identiication tests (r=0.545, p<0.01), the inal exam (r=0.489, p<0.01), and overall grade for the 
dental anatomy course (r=0.661, p<0.01). On the tests, the students had some diiculty in viewing and manipulating the images 
and experienced technical diiculties related to their smartphones, and their survey responses expressed little support for the AR 
tool. Nevertheless, this study demonstrated criterion validity of the AR virtual assessment tool for tooth identiication.
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D
ental education is based on student mastery 

of three areas: cognitive knowledge and criti-

cal thinking; afective domain (e.g., empa-

thy, communication, and behavior management); and 

psychomotor skills required for technical procedures 

and treatments. Preclinical courses are used to help 

dental students develop ine motor skills, control of 
new tools, and knowledge of therapeutics, biomate-

rials, and techniques prior to patient care where the 

integration of all three domains occurs.1 As a foun-

dational course in preclinical dental curricula, dental 

anatomy introduces students to the anatomical and 

morphological characteristics of the human dentition.

Dental anatomy is an important and integral 

part of dentistry since it develops spatial cognition 

through the study of anatomical structures’ shape, 

location, and associations in occlusal function. Ad-

ditionally, the ability to identify and recognize tooth 

morphology is the basis for dentists to restore lost 

structure and regain function. The traditional method 

of teaching dental anatomy combines lectures with 

waxing assessments that use textbooks, samples of 

preserved and/or manufactured teeth, and wax blocks 
to sculpt tooth forms.2,3 A deiciency of this method is 
the lack of variety of specimens, which may hamper 

development of students’ ability to discern among 

ideal, clinically acceptable, and clinically unaccept-

able tooth morphology.3 Technology has been used 

to improve preclinical and clinical teaching, share 

educational content and methods, change the balance 

of power between faculty and students, and create 

a learner-centered environment.4 An example is a 

computer-based software to aid students in learning 

dental anatomy.5 Such software programs make use 

of text, photographic images, illustrations, lectures, 

aural pronunciation, terminology, and tests.6 
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Recently, at the University of Michigan School 

of Dentistry, the Virtual Dental Library, a virtual 
library of the human dentition, was developed by 

leveraging emerging technologies in augmented 

reality (AR) and virtual reality (VR). The Virtual 
Dental Library can be accessed by students using 

a VR head-mounted device or mobile application 
on smartphones to view the library contents. VR 
immerses users in an entirely computer-generated 

virtual world that replaces the real world,7 while AR 

supplements the real world with virtual content to 

enhance user perceptions.8 

The Virtual Dental Library and its VR/AR ap-

plications were developed using a conceptual model 

of the educational triangle involving student, teacher, 

and learning tool and their interaction to inluence 
academic and afective outcomes (Figure 1). The 
interrelationship of the educational triangle can also 

lead to curricular reform and iterative development 

of learning and assessment tools. In this model, the 

Virtual Dental Library is an educational tool that 
consists of ideal resin teeth, extracted human teeth, 

prepared resin teeth for operative and prosthodontic 

restorations, impressions, and provisional restora-

tions. The library can be expanded and customized 

for each individual user: users can upload their own 

content or three-dimensional (3D) models using 

multiple ile types such as FBX, OBJ, STL, WRL, 
PDB, DAE, and DICOM. The Virtual Dental Library 
contents can be accessed anywhere and at any time 

with advanced visualization functions and mobile 

learning that is interactive, engaging, and student-

driven. Users can create groups and invite peers to 

share 3D models from their customized libraries, and 

teachers can create and share virtual assessment tools 

such as a virtual tooth identiication test.  
A tooth identiication test, using examples of 

extracted human teeth, is one of the measures often 

used to evaluate students’ cognitive skills in dental 

morphology. A large room or lab space is required 

to conduct a tooth identiication test, so that students 
can rotate through the diferent tooth stations to com-

plete the examination. Often the set-up of the test is 

cumbersome and time-consuming for the faculty, and 

student review of the test items is challenging since 

many students must wait to view a single example of 

the test item. Sometimes the exam process is inter-

rupted if there is a problem with the test items (e.g., 

a tooth is dropped or broken) and an alternate test 

item must be used. 

To improve our current method of tooth identi-

ication testing, faculty members developed a virtual 

Figure 1. Virtual reality and augmented reality in dental education conceptual model
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tooth identiication test using the Arthea VR engine 
software (Gwydion Inc., Ann Arbor, MI, USA) and 

the Virtual Dental Library. The AR virtual tooth 
identiication test is a vision-based AR application 
that uses an AR Tag, a iduciary marker system, to 
estimate the camera position and orientation, which 

allows for video input to gain knowledge of the en-

vironment for viewpoint tracking and virtual object 

interaction.9-12 The AR virtual tooth identiication 
test consists of 3D models of extracted teeth used in 

previous real tooth identiication tests, which were 
uploaded using Arthea software so that the test items 

can be downloaded and viewed using smartphones 

with an AR Tag (Figure 2). 

When educational programs change an exam 

format (e.g., written test vs. computer-based or virtual 

test), the context efect in testing and the validity of 
the test should be assessed.13 Context efect refers 
to the interaction of the examinee, the test item, 

and the testing environment that may affect the 

validity of the test. The validity of an exam would 

allow for interpretation and provide meaningful and 

appropriate inferences of the test scores to student 

performance. For high-stakes standardized exams in 

dentistry such as the Dental Admission Test and the 

National Board Dental Examination, validity study 

is conducted on a yearly basis to examine test scores, 

student performance, and outcomes.13-17 Evidence 

supporting a change in test format should consist of 

correlation of scores from the new method of testing 

with criterion measures that demonstrate a correla-

tion superior to the traditional testing method using 

the same measures. We found no published studies 

that investigated the validity of an AR assessment 

instrument in dentistry. The aims of this study were 

therefore to investigate the validity of the AR virtual 

tooth identiication test and evaluate the users’ experi-
ence with the virtual testing method.

Methods
The Health Sciences and Behavioral Sciences 

Institutional Review Board (IRB) at the University 

of Michigan determined that this study was exempt 

from IRB oversight (#HUM00149081). In 2018, all 

109 irst-year dental students who had completed the 
dental anatomy course were invited to participate 

in the study. Students were given extra credit in the 

preclinical dental anatomy continuation course (in 

the following fall semester) for participating. 

An introduction to use of the mobile application 

was given on two occasions: one week prior to the 

test and immediately before the test. The students 

were given access to the Virtual Dental Library to 
view and study dental morphology using ideal resin 

permanent teeth. The students did not have access 

to the test items prior to the exam. On the day of 

Figure 2. Example of lower right second molar (tooth #31) from Virtual Dental Library using Arthea software and 
Android mobile device, Galaxy S8+, in augmented reality
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the test, the students were asked to open the Arthea 

application on their personal smartphones, and they 

then downloaded, identiied, and recorded the tooth 
number on the provided test answer sheet. The 25 

test items were shared one at a time, and the students 

were asked to identify each test item within a deter-

mined time frame. All test sheets were collected and 

scored. All 25 test questions had to be completed for 

the students’ data to be included for analysis; if there 

were any missing answers, the test answer sheet was 

excluded from the analysis.

To determine validity, Pearson product-

moment correlation coefficients were computed 

for the real tooth identiication test and the virtual 
tooth identiication test to evaluate the relationship 
among various criterion measures at the 0.05 level 

of signiicance. The criterion measures were student 
assessments during the dental anatomy course: a real 

tooth identiication test (25 test items), a second real 
tooth identiication test (50 questions), combined 
scores on three quizzes, a inal comprehensive exam 
with 40 multiple-choice questions, and the inal grade 
for the dental anatomy course. In the irst real tooth 
identiication test, students were asked to identify the 
tooth considering either its maxillary or mandibular 

arches and left or right position in the mouth. In the 

second real tooth identiication test, students were 
asked to identify the tooth as previously assessed and 

particular anatomical landmarks of that tooth. Finally, 

the quizzes combined both types of questions without 

handling the teeth, and the students selected whether 

statements were true or false. For example, two of the 

statements were “In the maxillary canines, the mesial 

cusp ridge is longer than the distal cusp ridge” and 

“On lateral incisors (maxillary), the mesial outline is 

latter than the distal outline (more rounded).” If any 
of the criterion measures were missing, the student’s 

test answer sheet was excluded from the study.

Following the AR tooth identiication test, stu-

dents were asked to complete an anonymous survey 

(Qualtrics, Seattle, WA, USA). On the survey, partici-

pants were asked if they agreed, disagreed, or were 

neutral regarding three statements: “I did better using 

real teeth for the tooth ID exam”; “Augmented real-

ity tool for the tooth ID exam was easy to use”; and 

“Using virtual teeth accurately tests my knowledge 

and ability to identify the teeth on a test.” One open-

ended question asked for any comments and sugges-

tions about how the AR tool could be improved. We 

included this opportunity for free responses, so stu-

dents could elaborate on their agreement or disagree-

ment. Two coders compiled and organized the free 

response data using the following coding process. 

The irst coder generated the categories for coding 
and shared them with the second coder. After the irst 
round of coding independently, the two coders met 

to resolve diferences in coding and modiication of 
coding categories. The target agreement between 

the two coders was 85%. Additionally, user login 

data including number of users and duration of the 

average session were collected over ive days prior 
to and on the day of the test. User login data did not 

include individual user information.

Results
Ninety-three of the 109 students participated 

(85%). Of those 93, only 61 (67%) were included 

in the correlation analysis; 30 were excluded due to 

incomplete test answer sheets, and two were excluded 

due to one or more missing criterion measure. All 93 

participants were given the opportunity to provide 

responses to the survey anonymously. 

The analysis showed that the AR virtual tooth 

identiication test and the real tooth identiication test 
correlated with all but one of the criterion measures 

(Table 1). The AR virtual tooth identiication test 
had a positive correlation with the real tooth iden-

tiication test (r=0.410, p<0.01), a combined score 

Table 1. Correlations among real tooth identiication (ID) test, augmented reality (AR) virtual tooth ID test, and 
criterion measures 

Test
Real Tooth  

ID Test
AR Virtual  

Tooth ID Test Final Exam
Combined 
Quizzes

Combined Real 
Tooth ID Tests

Course  
Grade

Real tooth ID test 1 0.410** 0.254* -0.036 0.665** 0.538**
AR virtual tooth 
ID test

0.410** 1 0.489** 0.243 0.545** 0.661**

Note: Correlations were determined by Pearson product-moment correlation coefficients. Criterion measures were real tooth ID 
test, combined scores on two real tooth ID tests, final exam, combined scores on three quizzes, and overall grade for course.

*Correlation significant at 0.05 level (2-tailed) 
**Correlation significant at 0.01 level (2-tailed)
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on the two real tooth identiication tests (r=0.545, 
p<0.01), the inal exam (r=0.489, p<0.01), and over-
all grade for the course (r=0.661, p<0.01). The real 

tooth identiication test had a positive correlation 
with the virtual tooth identiication test (r=0.410, 
p<0.01), a combined score on the two real tooth 

identification tests (r=0.665, p<0.01), the final 

exam (r=0.254, p<0.05), and overall grade for the 

course (r=0.538, p<0.01). Neither the real nor the 

AR virtual tooth identiication exams correlated 
with scores on the quizzes. 

The response rates on survey questions 1, 2, 

and 3 were 65%, 62%, and 52%, respectively. The 

majority (72%) agreed that they did better using real 

than virtual teeth for the tooth ID exam (Figure 3). 

When asked whether the AR tool was easy to use, 

50% disagreed. When asked if the virtual teeth ac-

curately tested the user’s knowledge of the teeth on 

the test, 42% disagreed.

The free response data from the survey were 

organized using a coding process with two coders.18 

With the study’s coding procedure, each response 

could potentially be assigned multiple codes. In most 

cases, the lack of agreement was in the dissimilarity 

of one or two categories by one of the coders. For 

example, a statement coded by one coder as “visu-

alization” and “sensory” was coded by the second 

coder as “visualization” and “technically diicult.” 
Interrater agreement was calculated by counting the 

number of times there was total agreement on how 

the responses were coded. For instance, if there was 

partial agreement, meaning that if coders agreed 

on one of two codes assigned to a single response 

but difered on the second code, it did not count as 
agreement. Initial agreement between the coders 

ranged from 66% to 77%; target agreement (85%) 

was achieved in the second round of coding and 

ranged from 86% to 88%. Any remaining disagree-

ments were resolved after mutual discussion. Table 

2 shows the top categories of codes, the number of 

times the code was used, description of the codes, 

and illustrative comments on survey questions 1, 2, 

and 3. The top categories of the codes were issues 

with viewing, manipulation, time involved with the 

 

Figure 3. Responses on survey questions 1, 2, and 3

Note: Number of respondents and response rate for each question were as follows: Question 1, n=60, 65%; Question 2, n=58, 62%; 
and Question 3, n=48, 52%. 
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technology, ease of use, phone battery, and percep-

tions of accuracy with the AR tooth identiication test.

Discussion
Thus far, only a limited number of studies have 

investigated the use of stereoscopy with anaglyph 

images in oral and maxillofacial radiography, aug-

mented reality for operative dentistry, and virtual 

Table 2. Categorization of comments on survey questions 1, 2, and 3 regarding virtual reality (VR) and augmented 
reality (AR) by top categories of codes, number of times code was used, description of code, and illustrative comments 

Question, Category Number Description Comments

Question 1

Viewing 32 The real tooth was easier to 
see; VR made it difficult to 
see the tooth.

“I prefer to see the real teeth in actual 3D dimension.”

“I felt it was very hard to see certain features in the AVMR.”

Manipulation 19 It was difficult to move the 
teeth in AR.

“It is easier to see fine details using the real tooth and it is much 
easier to manipulate.” 

“The teeth on the AR were not as easy to see and not as easy 
to quickly manipulate and move around to look for all defining 
features.”

Time issues with 
technology

18 Application took a long time 
loading and to operate.

“Glitchy app wouldn’t load files, took forever to view whole 
tooth, poor scanning quality.” 

“It was confusing opening and closing windows, and I was losing 
time.”

Question 2

Time issues with 
technology

33 Application took a long time 
loading and to operate.

“Took too long. Easier to just have the tooth in my hand.” 

“I wouldn’t say it was hard, but the time it took to load and the 
fact that you have to navigate to Files and THEN layers kind of 
took too much time.” 

“The AR tool . . . was not ideal because it did not load the 
questions efficiently.”

Ease of using AR 27 AR was either easy or 
difficult to use; about 1/3 
thought it was difficult.

“Simple to use once explained.”

“It really wasn’t as easy to use as I had hoped. It took so long to 
get certain teeth to load [that] I wasn’t able to even see the file 
before it was taken off the list.”

Manipulation 18 It was difficult to move the 
teeth in AR.

“Rotating and manipulating the tooth on screen was difficult to 
adapt to, but perhaps more practice with the software would be 
beneficial.” 

Viewing 12 Tooth was difficult to see 
against the background.

“Difficult to see on the white paper background.”

“It was difficult to see characteristics and features of the teeth, 
especially due to all surfaces being the exact same color.”

Battery 12 Battery drained when app 
was used.

“The app overheated our phones and quickly killed our 
batteries.”

Question 3

Accuracy 24 About half thought it was not 
accurate, and half thought it 
was inaccurate.

“I do not think this performance reflects my knowledge of dental 
anatomy; I was more confident with my answers when I was 
tested using real teeth.” 

“The virtual teeth tested my knowledge and ability to identify teeth.”

Viewing 24 The real tooth was easier to 
see; VR made it difficult to 
see the tooth.

“The lack of color and poor contrast (white teeth on the white tag 
paper) made it difficult to distinguish some details.” 

“Real teeth are easier to compare size, shape, color, etc.”

Note: The survey questions (with number of responses and response rate) were as follows: Question 1, “I did better using real teeth for 
the tooth ID exam” (n=60, 65%); Question 2, “Augmented reality tool for the tooth ID exam was easy to use” (n=58, 62%); and Ques-
tion 3, “Using virtual teeth accurately tests my knowledge and ability to identify the teeth on a test” (n=48, 52%). Only categories with 
more than ten codes are shown.

reality for jaw surgery simulation.19-23 Our study 

aimed to investigate the validity of an AR virtual 

tooth identiication test and user experience of the 
testing method. A validity study is important and 

necessary to support changes to the exam format 

and content. Validity refers to accumulation of the 
gathered evidence from multiple sources to support 

the claim that the assessment is indeed evaluating 

the speciic knowledge and skills being tested.24 
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When a new method of testing is contemplated, a 

validity study to examine format, content, context 

efects, and ease of use should be conducted prior to 
implementation.13 

The results of this study found moderate cor-

relation of the AR virtual tooth identiication test 
and the traditional real tooth identiication test with 
other criterion measures used to determine student 

performance in the dental anatomy course. The AR 

virtual tooth identiication test was able to show that 
students’ cognitive knowledge that can be interpreted 

from the results of real tooth identiication tests, a 
inal comprehensive exam, and the inal grade for 
the course can also be interpreted from the results of 

the AR virtual tooth identiication test. Correlation 
with the comprehensive inal exam was stronger for 
the AR tooth identiication test (r=0.489) than the 
real tooth identiication test (r=0.254). Although 
the reasons for diferences in the correlation are not 
clearly understood, it is possible that it may be related 

to the similarity in testing format of the AR virtual 

tooth identiication test to the inal exam. Neverthe-

less, there appears to be evidence to suggest that the 

scores on the AR virtual tooth identiication test had 
a correlation at least equal to the traditional real tooth 

identiication test using the same criterion measures. 
Although this was an exploratory study involving a 

short-term intervention that was implemented in a 

single course, given that efect sizes in educational 
research tend to be small, these indings are still prac-

tically relevant and may support a recommendation 

for change in exam format based on the validity of 

the AR virtual tooth identiication test. One potential 
advantage of the AR virtual tooth identiication test 
is eiciency. Once created, the test can be given to a 
number of students without the physical need for test-

ing space and on multiple occasions. Using extracted 

human teeth as test items and having students rotate 

through tooth identiication stations can be diicult 
to organize and coordinate and be time-consuming 

for the faculty. With the AR application, students can 

also have access to examples of previous test items 

for self-study and review at any time. With the tradi-

tional testing method using real teeth, student review 

of test items can be challenging due to limited access 

to a single example. 

This study also evaluated students’ experience 

with the AR virtual tooth identiication test. Vision-
based AR interface environments are dependent on 

marker implementation, calibration, type of user 

interface, and efective viewing and manipulation.9 

The free responses indicated that the users had some 

diiculty in viewing and manipulating the AR ap-

plication using their smartphones. Additionally, due 

to technical diiculties including prolonged load-

ing time and loss of battery life on phones, there 

was a sample attrition rate of approximately 30%. 

Prolonged loading time of the test items, which was 

partly due to inadequate bandwidth and multiple 

users’ trying to access the network simultaneously, 

proved to be problematic for conducting the test. 

For students to be able to load the test item and have 

adequate time to respond, additional time to load had 

to be incorporated into the test structure and format. 

Even though extra time to load was given during the 

test session, many students were unable to answer 

the questions and complete the test. The technologi-

cal problems with bandwidth, software, and phones 

diluted the AR intervention experience. We recom-

mend that any future study on AR simulation address 

these issues with preliminary testing of the software. 

Another potential reason for unfavorable user 

experience is that the students were unfamiliar with 

the AR application even though they were provided 

with instructions on how to use the application on two 

occasions (one week prior to and immediately before 

the AR tooth identiication test). When we evaluated 
the user login data, there were 87 user login sessions 

with an average duration of seven minutes over the 

ive days prior to the exam. Just one hour prior to the 
test, there were 71 user login sessions with an average 

duration of 49 minutes. It appears that many students 

spent the majority of the time getting familiar with 

the application immediately before the test, which 

may have afected their ability to become comfortable 
and conident using the application and new testing 
mode. Finally, although students reported feeling that 

the Virtual Dental Library can be an efective study 
tool, they were concerned that the variety of phone 

models used may give an advantage to those students 

with newer and better phones; this concern can create 

additional stress and the perception of an unequal 

“playing ield” during a high-stakes test situation. 
This study had several limitations. Technical 

problems with the AR virtual tooth identiication 
test created delays during the implementation and 

led to 30% of the participants not completing the 

test. User satisfaction requires intuitive interaction 

that supports natural 3D object manipulation of the 

AR system. Although we found the AR virtual tooth 

identiication test may be a valid part of overall 
assessment in dental anatomy, an iteration of the 

current AR application is currently being developed 

to improve and resolve viewing, manipulation, and 
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technical issues before the next virtual tooth identii-

cation test. The results may also have been afected by 
students’ unfamiliarity with this technology. Prior to 

virtual tooth identiication tests in the future, multiple 
practice assignments should be given to ensure that 

students are familiar with the new technology and 

modality of testing. Finally, the results were based 

on a single cohort of volunteer students at one dental 

school, limiting the generalizability of the indings. 
Our study needs to be replicated with additional 

cohorts and across multiple settings.

Conclusion
Research and development in VR and AR tech-

nology as well as the growing VR and AR industry 
focus in the educational sector have centered on ap-

plications, educational content, and mobile learning 

using smartphones, collaboration, and 3D spatial 

interactions and experiences. Challenges remain for 

VR and AR in educational practices, illustrated by 
the technical problems encountered in our study and 

the limited support among these students for the AR 

tool. Nevertheless, the correlational analysis sup-

ported the validity of the AR virtual assessment tool 

for tooth identiication. With a continued iterative 
process of user feedback and improvements with 

the VR and AR hardware and software, learning and 
assessment tools such as the Virtual Dental Library 
and the virtual tooth identiication test may become 
more efective, eicient, user-friendly, and valid tools 
for use in dental education.
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