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Objectives: The study of biological materials under a microscope is known as histology, which is one of the most challenging
subjects for students. Our objective was to develop a learning tool that can reduce the extrinsic load of studying histology and
make learning enjoyable and flexible. We used augmented reality (AR) to create a cellphone application called Dental AR.
With Dental AR, students can use their cellphones as dynamic flashcards to hide or reveal the annotations of a histology slide.
Our application enables students to study, practice, and self-test oral histology knowledge at their own pace. Methods: We
used Unity3D with Vuforia to develop Dental AR. To generate a set of target images, oral histology glass slides were scanned
and converted to digital images. Annotated versions of the slides were used as output for the corresponding target images. To
understand user experiences and satisfaction with Dental AR, first-year dentistry students were invited to complete an online
survey. Results: Dental AR was successfully developed and released on both the Apple and Google Play online app stores.
The survey of dentistry students indicated overall satisfaction with Dental AR and willingness to use similar applications in
other subjects. Conclusions: Dental AR can be used for in-class activities, gamification, and providing students with practice
questions to study and self-test outside the classroom. This application can be expanded in the future to incorporate more
target images, videos, and interactive components to make learning histology less challenging and more enjoyable.
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Histology, the knowledge of cellular and tissue structures at
the microscopic level, is essential for dental, medical, and
health sciences education. However, this branch of science is
intrinsically challenging to learn [1,2]. Traditional histology
teaching includes classroom lectures complemented with a
microscopy laboratory component. Learners need to form
an integrated mental schema of the location, structure, and
function of the microscopic tissue components, which is a
heavy cognitive load [1]. According to a student survey, the
key features that make histology “difficult” include unfamil-
iar terminology, complexity of the subject, insufficient time,
and inadequate photomicrographs [1].

Students studying dentistry and dental hygiene at the
University of Alberta extensively study oral histology to un-
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derstand the microanatomy and development of tooth and
oral structures. Teaching oral histology at the School of Den-
tistry relies on PowerPoint presentations with images from
textbooks, supplemented with light microscopy labs. One
primary learning expectation is that the students recognize a
given histological section and identify the underlying struc-
tural components. Students appreciate having access to more
photomicrographs and practice labeling exercises to study
on their own outside the class time. We created an alternate
modality for students to reduce the cognitive load and time/
location barriers of learning histology. We developed an aug-
mented reality (AR) cellphone application called Dental AR
(Figure 1) to help students develop mental models of cellular
structures at their own pace.

Cognitive load theory explains how learning occurs and
how educational technology can facilitate learning [3]. The
information that we learn can be either primary or second-
ary [4]. Humans are evolutionarily programmed to acquire
primary knowledge, such as speaking, without assistance. In
contrast, secondary information requires learner’s conscious
efforts and is aided by explicit instruction [5]. Learning to
identify histological structures is an example of secondary
information.

A critical part of learning is memory formation. Our cog-
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nitive system has a working memory with a limited capacity
[5,6]. The learning load of working memory is affected by
the underlying nature of the subject matter (intrinsic load)
and how the topic is presented (extrinsic load). The intrinsic
load is not readily changed for a given subject matter, but the
learning process can be eased by changing the way the sub-
ject is presented (extrinsic load). The introduction of gami-
fication using Kahoot in a histology course, for example,
presented histology exceptionally well, stimulated learning
and improved participants’ satisfaction [7]. With our Dental
AR application, we hope to complement traditional teaching
methods and reduce the extrinsic load by providing an alter-
nate scaffold for learning histology.

Dental AR development was guided by Keller’s attention,
relevance, confidence, and satisfaction (ARCS) model [8].
According to the ARCS model, students are more likely to
engage with the study material if their attention is captured,
their confidence is increased, they are satisfied with the
material, and the subject’s relevance is apparent. To address
the “attention” component, we developed Dental AR as a
cellphone application, usable on any mobile device. Stud-
ies show that students regularly use their mobile devices for
academic activities at the post-secondary level and consider
these devices essential to their academic success [9]. Atten-
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Figure 1. Dental AR in action. Dental AR receives access to the device camera. When the camera is pointed at an image, the applica-
tion detects the target image and replaces the target with the pre-defined output, the annotated version of the histology
slide. The application detects target images equally well from paper printouts (A) and computer screens (C). (B) Dental AR
also contains videos explaining tooth and palate development. (D) The output of a tooth development slide from the cell-
phone screen. (E) The logo of our AR application. (F) The QR code directs you to the app store to download Dental AR. AR:

augmented reality.
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tion can also be gained by perceptual arousal, inquiry arous-
al, and variability [8,10]. Dental AR contains a collection of
photomicrographs, videos, and audio that can be presented
as questions to stimulate perceptual and inquiry arousal
(Figures 1, 2).

When creating Dental AR, we implemented AR, a technol-
ogy that incorporates digital data into the real-world space
[11]. Users can use their smartphone camera to scan a target
histology image and toggle to hide or display the image’s
annotations (Figure 1). This allows students to use their cell-
phones as flashcards [12] and perform self-assessments of
their oral histology knowledge. The application also includes
videos that can assist in the formation of robust mental mod-
els. When an appropriate target image is scanned, a narrated
video is displayed, explaining palate and tooth development
mechanisms (Figure 1). Students can repeatedly interact
with the material to improve their confidence. Dental AR al-
lows students to test their knowledge in a just-in-time man-
ner, building motivation through satisfaction [13].

Il. Methods

1. Development of Dental AR
The technical details of application development were previ-
ously described [12]. In brief, the School of Dentistry has a
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collection of histology glass slides for teaching oral histology
using light microscopes. Representative slides were selected,
scanned, and uploaded to a database to create target images
(Figures 2, 3). An annotated copy of the same image was
used as the output for the corresponding target image. Cur-
rently, Dental AR has a database of 33 different oral histol-
ogy target images that include tooth structures, the develop-
ing tooth and palate, oral mucosa, cell layers, salivary glands,
and other supporting oral structures (Figure 2).

2. Student Acceptance and Satisfaction with Dental AR

1) Participants

Oral histology is currently taught to first-year dentistry stu-
dents in an online format due to coronavirus disease 2019-
related restrictions. Dental AR was introduced to these
students in a virtual meeting, and they were encouraged to
download the application. A set of practice questions pre-
pared using the Dental AR target images was posted on the
online course learning management system for the students
to practice oral histology at their own pace, using their cell-
phones and Dental AR.

2) Data collection
After the course, the students were invited by email to par-

Ground section of tooth

Figure 2. Some representative target images used in Dental AR. The target image set of our application includes photomicrographs of
teeth, oral structures, tooth and facial development, salivary glands, oral epithelium, and oral mucosa. AR: augmented reality.
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Figure 3. Sample target image in the Vuforia database. Images are uploaded in the Vuforia database, where the photomicrographs are
tested for their augmentability. The images in the Vuforia database are assigned a score on a scale of 1-5, which indicates
how well the image can be detected by Unity3D. The figure shows an oral histology photomicrograph (A), scanning into the
Vufroria database for augmentability (B) and the annotated output of the histology slide (C).

ticipate in an anonymous online survey to evaluate their
acceptance, satisfaction, and feedback on improving Dental
AR for the future. The online survey contained questions to
be answered with Likert scale ratings and fields for descrip-
tive comments.

3) Data analysis

For the quantitative survey, each question was scored on a
scale from 1 to 5. The mean score was calculated for each
question. The descriptive comments were reviewed to un-
derstand students” acceptance and suggestions for improve-
ment of the AR application.

I1l. Results

1. Students’ Acceptance and Satisfaction with Dental AR
The class of 32 students downloaded Dental AR when the
app was introduced in an online synchronous session. Nine
students completed the survey, corresponding to 28% of
the class. Eight out of the nine participants (89%) either
agreed or strongly agreed that Dental AR is an effective and
beneficial learning tool, while 78% affirmed that Dental AR
motivated them to learn more about the subject area. Fur-
thermore, 89% of the participants thought that Dental AR
made learning easier and enjoyable. All participants agreed
that the application’s content was adequate for their learning,
and they would recommend using Dental AR to their fellow
learners. Two-thirds (67%) of the participants stated that
they would like to use Dental AR or a similar application in
other areas of their studies (Figure 4).
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2. Students' Opinions on using Dental AR and Suggestions
for Improvements

To better understand students’ experiences with Dental AR,

we asked them to describe their overall experiences with the

application. Some examples of participants’ comments in-

clude:

“It was very convenient to use as both a learning and a self-
testing tool”

“I found it really convenient to be able to view the histo-
logical structures on a slide using this app. I liked how easy
and quickly I could see the structures over my phone. The
labelling was clear and it was very quick and convenient.”

Recommendations on improving Dental AR in the future
included expanding the application to other courses and
subject areas:

“Expanding the images that work with it. I found that al-
though I found it useful, I didn’t really use it much since it
only applied to <10% of questions on the exams.”

IV. Discussion

Histology has always been a relatively unengaging and in-
trinsically challenging topic for health professional students.
To reduce the extrinsic load of learning histology, Dental AR
creates an alternate way to present histology to students.
Although the survey response rate was low, it is consistent
with what is typically observed with surveys of this type,
and students who completed the survey represented 28% of
the entire cohort. According to the students, both the confi-
dence and satisfaction components of Keller’s ARCS model
were addressed using Dental AR, and this application was an
effective supplement to their learning. One point of feedback
from the students was that the app helped them study for
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A The AR mobile app was very effective as a learning tool. | 4.3 —
Using this app was beneficial to me. | 43 F—
This application has motivated me to learn more about the study area. | 3.9 —
This application has made learning easier and enjoyable._ 4.3 F—
By using this app, | can study and practice at my own pace._ 3.9 —
The app was easy to use. No special technical skills are required._ 4.9 H
| would recommend using this app to my fellow learners. | 43 —
The content of the app was adequate for my Iearning._ 46 i
| want to use the app more and in other areas of my studies. | 4.1 —
1.0 2I.0 3I.0 4i0 5i0
Likert scale
B [ Strongly agree  [1 Agree [ Neutral
The AR mobile app was very Using this app was beneficial to me. This application has motivated me to
effective as a learning tool. learn more about the study area.

This application has made learning By using this app, | can study and The app was easy to use.
easier and enjoyable. practice at my own pace. No special technical skills are required.

| would recommend using this The content of the app was | want to use the app more and
app to my fellow learners. adequate for my learning. in other areas of my studies.

Figure 4. Students' acceptance and satisfaction with the Dental AR application. Students were invited by email to participate in an
anonymous online survey. The online survey contained questions with quantitative values. Nine students participated in the
survey. Each question was scored on a scale from 1 to 5. (A) The mean score was calculated for each question. (B) The per-
cent distribution of students' agreement is shown for each question in the survey. AR: augmented reality.

only 10% of the exam questions. We hope to expand Dental ~ device; however, not all students are privileged to have access
AR by incorporating more target images and videos to cover  to this type of technology. Another possible pitfall of using
more subject areas to address this concern. this type of technology for learning is the potential for dis-

The students at the School of Dentistry are required to have  traction by multifunctional technologies like smartphones.
a computer, and all have a personal smartphone or mobile  Interruptions by text messages, phone calls, or notifications
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can disrupt students” attention and inhibit the formation of
the mental models necessary for effective learning. Despite
these limitations, the amalgamation of computers, AR, cell-
phones, and education improves student satisfaction, in-class
participation [14], and academic performance [15,16]. We
believe that Dental AR has a promising future in facilitating
effective learning.
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