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Introduction: Augmented reality (AR) technology has demonstrated potential on various
areas of healthcare practice. Its role on medical education is starting to emerge. This study
aimed to investigate students’ perspectives on using AR as learning tools in undergraduate
pharmacy education.

Methods: Four AR micro modules on post-stroke management and chronic obstructive
pulmonary disease (COPD) were developed for third year undergraduate pharmacy
students to study. Students played the role of pharmacists in the AR micro modules.
They collected information to identify patient’s chief complaints, history, risk factors,
comorbidities, and other problems, and provided recommendation on patient’s
treatment plans. Teacher guided the discussions and addressed student’s enquiries.
Student’s feedback was collected by pre- and post-intervention survey.

Results: A total of 54 students participated in the current study. The was no significant
change in students’ perceived knowledge on post-stroke management and COPD, as well
as their confidence in providing patient counselling on relevant topics. Students expressed
that their learning experience with AR was not positive. Technical problems were the major
difficulties that students encountered.

Conclusion: There was no significant difference in pharmacy students perceived clinical
knowledge and confidence on patient’s counselling after completing the AR modules.
Technical issues were the major hurdles that hindered student’s learning experience
with AR.

Keywords: pharmacy education, augmented reality, pedagogy, active learning, practice experience

INTRODUCTION

As future healthcare professionals, pharmacy students must be equipped with knowledge and skills
to provide patient-centred care in a team-based approach. (Zgheib et al., 2010; Miller et al., 2017;
Lang et al., 2019) The Accreditation Council for Pharmacy Education emphasizes that pharmacy
programs provide students with the knowledge, skills, and abilities to provide patient-centred care
and solve problems. (Accreditation Council for Pharmacy Education, 2015) Practice experience is

Abbreviations: AR, Augmented reality; COPD, Chronic obstructive pulmonary disease; CUHK, The Chinese University of
Hong Kong.
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essential for students to polish their communication skills and
problem-solving skills. (Svensberg et al., 2018; Teramachi et al.,
2018) Nevertheless, actual practice experience could be
influenced by numerous factors, such as the availability of
clinical sites, patient cases, and teaching staff. (Wartman, 2019;
Shrestha et al, 2020) As information technology and
communication technology advances, it is suggested that the
challenges could be overcome by using simulated cases.
(Okuda et al., 2009; Ray et al., 2012; Shin et al., 2015)

In recent years, augmented reality (AR) has demonstrated
potential on various aspects in the medical field, including
diagnosis, assessment, and treatment. (Freeman et al, 2017;
Laver et al, 2017; Rothgangel et al.,, 2018; Chen et al., 2019;
Feng et al., 2019) AR is an enhanced version of the real physical
world that is achieved through the use of digital visual elements,
sound, or other sensory stimuli delivered via technology.
(Investopedia, 2020) One advantage of AR in medical
education is the ability to visualize body tissues, for example,
the skin, organs and muscles. (Sayadi et al., 2019; Yu et al., 2019;
Siyar et al., 2020) Another advantage is that AR can repeat a
simulated procedure as many times as desired, which is not
practical in real patients or real environment. (Izard et al,
2018; Cao and Cerfolio, 2019) Pilot studies suggested that AR
was a useful tool to create engaging and easy to use learning
experiences in pharmacy education. (Salem et al., 2020; Schneider
et al, 2020) Pharmacy students showed improvement in drug
knowledge after completing the AR exercise and reported high
usability and acceptability of AR for learning. (Salem et al., 2020;
Schneider et al., 2020) AR technology can engage students into an
active learning environment, which has been proven to be more
effective than passive learning. (Ramnanan and Pound, 2017;
Styers et al., 2018; Coyne et al., 2019) The technical capabilities of
AR can support a learning-by-doing approach stressed by the
constructivist learning principles. (Chen, 2010) They are also
useful tools for delivering knowledge through embodied
cognition, which emphasizes the interaction between learner
and the environment. (Dunleavy and Dede, 2013) Nonetheless,
AR is still considered as new technology in terms of pedagogy.
They have not been widely adopted in the curriculum, and most
teachers and students have limited experience of applying AR in
education.

The current study aimed to investigate student’s perspectives
on using AR as learning tools in undergraduate pharmacy
education.

METHODS
Study Design and Study Population

Our study population included third year undergraduate
pharmacy students from the Chinese University of Hong Kong
(CUHK) in 2018/2019 school year. Yearly, we admitted up to 60
pharmacy students. The pharmacy curriculum lasted for 4 years.
In the first 2 years, students learnt the basic biological concepts
and laboratory skills. In the third year, students had in-depth
training on drug pharmacology and therapeutic uses. In the
fourth year, students had clerkship training at clinical sites.

Augmented Reality in Pharmacy Education

They needed to review patients’ conditions and propose
treatment plans for them independently. After graduation,
they would receive internship training at workplaces for 1 year
before registration.

The AR micro modules were used in the course “Clinical
Assessment and Monitoring”, which was a 3-units (3 h per week
for a total of 13 weeks) compulsory course for third year
pharmacy students at CUHK. It was a preparatory course
prior to the clinical clerkship for the pharmacy students at the
teaching hospital. This course involved classroom teaching on the
theories on drug therapy assessment and therapeutic outcomes
monitoring skills, as well as practicum in which students needed
to apply previous knowledge on therapeutics to evaluate real
patient cases in the teaching hospital. Upon completion of the
course, students should be able to obtain medication-related
information accurately, retrieve laboratory test results and vital
signs, identify and utilise drug information resources to assist
with patient-specific drug therapy monitoring, and present
patient cases comprehensively.

Traditionally, learning activities of “Clinical Assessment and
Monitoring” included lectures, discussion, medication chart
review, and presentations. Teachers illustrated the technique of
patient assessment by showing students some written case
summaries, photos, and videos during lectures. Afterwards,
students needed to review real patient cases, present the cases
in class, and provide their recommendations. In the current
study, four AR modules on post-stroke management and
chronic obstructive pulmonary disease (COPD) were
developed to illustrate clinical cases during lectures. These two
topics were chosen for two major reasons. Firstly, pharmacology
and therapeutics knowledge on COPD and stroke were covered in
the course ‘Pharmacology and Therapeutics I’ (offered in year 2
semester 2) and ‘Pharmacology and Therapeutics II" (offered in
year 3 semester 1), respectively. Students taking the course
‘Clinical Assessment and Monitoring’ (offered in year 3
semester 2) should have adequate knowledge on the
pharmacological management of COPD and stroke. Thus, the
AR modules could focus on training students’ drug therapy
assessment skill and patient counselling skill. Conversely, if
diseases covered in ‘Pharmacology and Therapeutics IIT
(offered in year 3 semester 2) or ‘Pharmacology and
Therapeutics IV’ (offered in year 4 semester 1) were chosen,
extra time and effort would be needed to introduce the
fundamental knowledge of disease management. Secondly,
COPD and post-stroke management involved different
pharmacist assessment skills, such as assessing disease control,
inhaler technique, pharmacological and non-pharmacological
treatment to improve patients’ outcomes, etc. Previous
students taking the same course often found them difficult to
gather information and give advice when working on the real
patient cases. The AR modules allowed students to practise their
patient interview and counselling skills before working on the
real cases.

Materials
Four AR micro modules on post-stroke management and COPD
were launched. In each micro module, students were provided
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Case background
Mr. TM Chan, a 68-year-old male, reports that he has bad respiratory problem.

You are conducting a health interview with Mr. Chan at a community outreach event. With further
questions, you learn that he has been diagnosed with Chronic obstructive pulmonary disease (COPD)
for more than 10 years. He reveals that he recently paid a visit to his family doctor for the flu and poor
coughing. He shows you the medication bags with label. He claims that he is getting better with the
medications, He asks for your comment and recommendation on whether he should keep getting the
medications elsewhere.

A Case background

B Photo of patient’s medications (Trigger image)

“The blue one, 4 times a day, 2 puffs each time. I have been using it for 10 years. The red one, twice
per day, 2 puffs each time. I have tried my best to follow the instructions. But I sometimes forget to
bring them with me when I'm out for work.” TM Chan.

“I have a follow-up appointment next week and I will probably get a bunch of drugs. There are still a
few unused inhalers at home. I think the drugs are not really useful.” TM Chan.

C Script of the video clip (Overlay)

FIGURE 1 | Content of a COPD micro module with case background, picture, and video script.

with a brief description of patient’s case background and pictures
showing hospital or clinic settings. Students needed to collect
information on patient’s chief complaint, past medical history,
social history, current medications, and laboratory tests results in
order to assess patient’s disease control and recommend
treatment plans. To collect the required information, students
needed to use an AR scanning application, Layar, in their mobile
device to scan and view the hidden items on each picture. The
items included videos, audios, texts, and graphics. Students would
be able to identify patient’s chief complaints, history, risk factors,
comorbidities, and other problems in the process. An example of
COPD module was shown in Figure 1. A short paragraph
describing the case background was first given to students.
Then, students should scan the pictures (trigger images)
located in different part of the classroom using Layar. By
scanning a picture (trigger image) of an inhaled medication,
students would get a video describing how the patient used the
inhaler (overlay). By scanning a picture (trigger image) of a
health questionnaire, students would get a patient interview
audio describing patient’s lifestyle, smoking habit, and sleep
pattern (overlay). With the hidden information collected,

students would be able to assess patient’s condition and
propose treatment plans.

In the classroom, students first worked on the AR cases
individually, then discussed the clinical problems shown in the
cases with their classmates and provided their recommendation
on the treatment plans. The teacher guided the discussion,
addressed student’s questions, and provided feedback and
suggestions to the proposed treatment plans.

Statistical Analysis

Pre- and post-self-evaluation surveys were used to assess the
changes in students’ knowledge on the relevant topics, evaluate
the changes in their confidence on patient counselling, and collect
feedbacks from students regarding their learning experience.
Students were asked to rate, using Likert Scale of 1 (strongly
disagree) to 5 (strongly agree), their self-perceived knowledge and
confidence on COPD and post-stroke management in the pre-
and post-survey. Data were presented as mean + standard
deviation. The changes in student’s score before and after
engaging in AR learning activities were assessed by Wilcoxon
signed-rank test. Statistically significance was defined as p-value <
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TABLE 1 | Student’s feedback on AR micro modules.
Changes in students’ knowledge

| am familiar with COPD.
| 'am familiar with post-stroke

Changes in students’ confidence in patient counselling

| am confident to give a consultation to a COPD patient
| am confident to give a consultation to a post-stroke patient
Generally speaking, | am very confident with my patient consultation skills

Students’ feedback

AR case studies can enhance my interest in learning certain disease topics
AR supports authentic learning

AR allows me to experience patient cases which would be impossible to generate in normal classroom environments

AR develops an immersive learning experience
| enjoy using AR as a learning tool

AR: augmented reality; COPD: chronic obstructive pulmonary disease.

0.05. All statistical analyses were performed using IBM SPSS
Statistics version 26. All students provided their written informed
consent before participating in this study.

RESULTS

A total of 54 third year pharmacy students participated in the
current study. There were 50 (92.59%) and 44 (81.48%) students
who completed the pre-test and post-test respectively.

Table 1 summarized the changes in student’s knowledge,
confidence in patient counselling, and their learning
experience with the AR micro modules. Students perceived
that they were more familiar with COPD and post-stroke
management, and were more confident with patient
counselling. The changes were not statistically significant.
However, students expressed negative feeling on their learning
experience and gave lower scores in the post-test when asked
whether they enjoyed using AR as learning tools and whether AR
could support learning.

Students left both positive and negative comments on the
survey. In general, students appreciated teacher’s effort in
designing the micro modules. They thought that the AR
exercise could resemble real life practice, in which they needed
to search for scattered patient information. One student wrote “I
think it is good, since it is in outreach settings, some medical
information about the patient cannot be obtained, and we have to
analyze the case based on limited information, which is quite
realistic.” The major issue students raised was technical problem.
A student wrote “Many of us cannot scan very well, especially in
the lecture theatre.” Another student wrote “T'ake too much time
scanning, but actually can put the images online in advance.”
Some students though there was not a big difference between AR
micro modules and their usual case study exercises.

DISCUSSION

In recent years, the scope of AR application has expanded,
ranging from entertainment, urban planning, travelling,

Augmented Reality in Pharmacy Education

Pre-test (n = 50) Post-test (n =44) p-value
2.74 + 0.88 2.80 + 0.85 p=0.79
2.22 + 0.95 255 + 0.87 p=0.17
2.34 +1.02 2.55 + 0.98 p =043
2.06 + 0.98 243 + 0.97 p =0.09
2.30 + 0.93 2.61 +0.89 p=0.15
3.40 + 0.83 2.90 + 1.01 p =0.06
3.48 + 0.71 2.81 +1.06 p < 0.01
3.56 + 0.81 295 +1.12 p =0.01
3.48 + 0.68 2.84 +1.06 p < 0.01
3.24 + 0.85 275 +1.12 p =0.02

education, to healthcare. The use of AR in medical education
has increased with the intention of achieving the potential
benefits. One advantage is to make a patient case reproducible.
(Izard et al, 2018; Cao and Cerfolio, 2019) In pharmacy
education, AR exercises allow students to practise their drug
therapy assessment skills and patient counselling skills anytime.
(Fox and Felkey, 2017; Ventola, 2019) Previous studies had
revealed an important benefit of virtual reality (VR) and AR
exercises, which was to allow students to make mistakes while
showing them the consequences of making a wrong decision.
(Davidson et al., 2012; Nifakos et al., 2014) It could strengthen
their memories on clinical knowledge and skills. Besides, VR and
AR exercises allow each student to participate in the cases. In
ward round settings, it is not feasible for each student to interview
the same patient. VR and AR exercises can eliminate the time
constraint and avoid disturbing the patient. (McGrath et al., 2018;
Fealy et al., 2019) In addition, a teacher could run several
simulated exercises at the same time, which further reduce the
time constraint of teaching staff and students could gain more
practice experience. (Caudell et al., 2003) Our study population,
third year pharmacy students, had not started bedside learning.
They did not have hands-on experience of reading case notes,
taking patients history, or counselling patients. The AR exercises
offered students the chance to practise and polish their skills
before they entered clinical year and internship.

Despite the theoretical benefits that AR exercises can bring to
medical education, studies have identified the limitations and
problems in actual practice (Uruthiralingam and Rea, 2020). A
systematic review by Gerup et al. analysed 26 studies involving
AR or mixed reality in healthcare education. (Gerup et al., 2020)
Gerup et al. pointed out the weaknesses of the studies, as well as
the common difficulties with using AR as reported by the studies.
(Gerup et al., 2020) One major problem identified was the
inadequate evidence for improving learning. Studies were often
designed as single group user studies, (Ma et al., 2016; Wang et al.,
2016; Solbiati et al., 2018; Mewes et al., 2019) and many presented
descriptive findings from self-reported evaluations without
statistical analysis. (Sutherland et al., 2013; Bifulco et al., 2014;
Ma et al., 2016; Wang et al., 2016; Kugelmann et al., 2018; Solbiati
et al,, 2018; Zhu et al., 2018; Mewes et al., 2019) This limited the
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generalisability of study results. Moreover, a portion of the studies
reported no significant impact of AR on enhancing student’s
learning outcomes. (Moult et al., 2013; Moro et al., 2017; Noll
et al,, 2017; Rochlen et al.,, 2017; Siebert et al., 2017; Wang et al.,
2017; Huang et al, 2018) Technological limitations were the
common challenge reported among the studies. (Gerup et al., 2020)

In view of the conflicting results, there is a need to conduct a
thorough assessment on how AR technology can facilitate
student’s learning, as well as evaluate student’s perspectives on
the new pedagogy. Our results echoed that reported in literature.
Technical issues were the major problem that teachers and
students encountered. Extra effort was needed to play an AR
or VR video in usual classroom settings, as compared to a plain
video. (Caudell et al., 2003; Samaniego Villarroel, 2016) For
example, it took longer time for teachers to set up the devices
in the classroom and for students to download the videos in their
laptops. If the classrooms were not covered with stable network, it
would take much more time for downloading the videos and
graphics in class. In addition, playing AR or VR videos drained
away the battery in the laptops quickly. It would be un-user-
friendly if hardware supports were inadequate. As a result,
student’s learning experience was not positive. On the other
hand, there was no significant difference in student’s perceived
knowledge and confidence with the topics. It might be because the
AR exercises mainly simulated the patient interview and data
collection process. Students evaluated their performance mainly
through in-class discussion with peers and by listening to
teacher’s comments after class. Instant feedback from the AR
exercises was limited. Thus, some students thought the learning
objectives could be achieved by using conventional paper cases,
which requires less preparation time and manpower.

With e-learning being more and more dominant in education,
the prevalence of using AR in teaching is expected to grow. (Bacca
et al,, 2014; Lilly et al., 2019) Under the continued influence of
Covid-19 pandemics, a lot of teaching activities such as
practicum, clerkship, and clinical attachment had been called
off. (Ahmed et al., 2020; Newman and Lattouf, 2020; Rajab et al.,
20205 Singh et al,, 2020) AR cases could provide alternative
channels for students to learn. As technology advances, AR
are getting more common in medical practice. (Li et al., 2017)
It is expected that students will come across AR in their future
careers. It would be beneficial for students to adapt to the
technology during university study. Thus, the role of AR in
the pharmacy curriculum should be further explored. Still, to
ensure that AR technology can really add values to medical
education, it is essential to define the learning objectives
clearly and conduct structured evaluation on student’s learning
outcomes. Given that the time and financial cost required to
produce an AR video are much longer than that of a plain video, it
is crucial to select suitable topics when designing the teaching
materials. Otherwise, AR exercises may not be cost-effective if the
knowledge can be conveyed in a more straightforward way.

There are a few limitations in the study. Firstly, the impact of
AR micro modules on student’s learning was evaluated based on

Augmented Reality in Pharmacy Education

self-assessment. The cases were discussed in class to make sure
students knew the right answers, but there was no specific quiz
to formally assess the gain in knowledge among students. A
more concrete relationship between the use of AR and
student’s performance could be established if their
examination results were compared. Secondly, the sample
size of this study was limited by the class size of pharmacy
department. Student’s opinions and suggestions had been
collected in the study. The tools should first be modified,
then the survey can be repeated in the subsequent years to
increase the sample size.

CONCLUSION

There was no significant difference in pharmacy students
perceived clinical knowledge and confidence on patient’s
counselling after completing the AR modules. Technical issues
were the major hurdles that hindered student’s learning
experience with AR.
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