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Introduction

Abstract

Background: Augmented reality (AR) and gamification, which involve the use of mobile
devices, tablets, and laptops to enhance learning experiences, are relatively new in tertiary
education. This article calls for the implementation of AR and gamification in pharmacy
education in African countries and other low-resource settings. Method: A search
strategy was conducted using the following keywords: ‘gamification’, ‘augmented reality’,
‘game-based learning’, ‘pharmacy education’, ‘African Countries’ and ‘low resource settings’
on PubMed, PubMed Central and Google Scholar databases. Results: Pharmacy students
in African countries and other low resources settings face challenges which include: a limited
number of lecturers, underdeveloped infrastructure, paucity of knowledge, and restricted
educational resources coupled with a lack of pedagogy related to teaching courses.
Incorporation of AR and gamification systems into their learning process will enhance
student motivation and understanding. Conclusion: Pharmacy schools and concerned
stakeholders in African countries and other low-resource settings should consider the
rapidly evolving technology by developing appropriate and productive AR and game-based
learning concepts that would enhance learning experiences, given its numerous benefits.

visitation of learning content at any time or location
outside of classroom settings (Schneider et al., 2020).

Augmented reality (AR) is an immersive technology
that superimposes digital objects into the physical
world; It creates a reality where users can engage with
a virtual environment without losing the authenticity of
the real world. For students, AR can provide a realistic
learning experience. AR in education is a student-
centred learning approach that augments traditional
teaching methods such as face-to-face learning. AR
enhances the understanding of complex and abstract
topics by its ability to turn conceptual and difficult-to-
visualise subject topics into fundamental and
observable concepts, thereby increasing the
motivation to learn. AR tools also serve as flexible
learning platforms allowing easy accessibility and
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Gamification, also known as game-based learning,
involves using game mechanics in a non-game context
to digitally engage and motivate people to construct
new knowledge, achieve their goals and solve real-
world problems. Game mechanics are tools,
techniques, and applications that increase users'
interactivity, rewards, and motivation (Sera & Wheeler,
2017). Goals, competitions, badges, scores and
leaderboards are examples of mechanics used to
motivate learners (Dabbous et al., 2022). Although
commonly used in marketing strategies, gamification is
now being introduced into educational programmes. It
helps educators find the balance between achieving
their set objectives and catering to evolving needs of
students. A common problem students encounter in
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the learning process is a low willingness to complete a
task due to a multitude of reasons (Huang & Soman,
2013). However, with today’s digital generation,
students are motivated to engage in gamification as it
presents a tactic to transform a simple or mundane task
into an addictive learning process (Dabbous et al.,
2022; Huang & Soman, 2013). An integration between
gaming and teaching, as well as a balance between
enjoyment and education, triggers interest among
learners and enables them to meet the intended
learning outcomes (Dabbous et al., 2022). Through
virtual learning environments and classroom activities,
gamification has been introduced to higher education.
Gamification improves students’ academic
performance as a result of a change in teaching
methods which leaves behind the traditional
unidirectional teacher-student teaching model to
incorporate  gamified active learning through
challenges and significant tasks (Manzano-Ledn et al.,
2021). Gamification helps to achieve learning outcomes
through its innovative way of promoting active
learning, which boosts information retention and
performance (Dabbous et al.,, 2022). This learning
process encourages specific behaviours, increases
motivation and engagement, and reinforces desirable
study habits (Huang & Soman, 2013; Manzano-Ledn et
al., 2021). Socrative, Kahoot!, FlipQuiz, Duolingo,
Ribbon Hero, ClassDojo, and Goalbook are among the
most popular gamification tools for education
(Kiryakova, Angelova, & Yordanova, 2014).

AR and gamification in pharmacy education has a wide
range of uses. For example, pharmacy education
requires continuous lessons on the use of medicines as
students are required to have comprehensive know-
ledge about an extensive range of medicines and
devices. The students are also expected to be versatile
in the application of this knowledge to optimise patient
care through the provision of appropriate medication
and device counselling. However, accessibility to these
medicines and devices during the learning process is
difficult because of cost, expiration, handling and
storage, access restrictions such as for opioids, and
product design or packaging changes over time. This
difficulty also extends to when students are not in the
classroom or not enrolled in a particular subject.
However, using AR in pharmacy teaching provides a
solution to these limitations both inside and outside of
the classroom setting. By purchasing one product or
device, media such as 360-degree photos or videos can
be produced and the components of such product can
be captured. This provides visual images superimposed
with the natural world and can be incorporated into
interactive learning modules, negating the need to
purchase multiple medicines and devices every time
they are needed (Schneider et al., 2020). In addition,
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students in Australia have described the use of AR for
learning using HP Reveal as enjoyable, stimulating,
motivating, and aiding their learning (Salem et al.,
2020).

Similarly, in the context of gamification, incorporating
different styles of games into pharmacy education aids
students in preparing for real-life experiences. It can be
used to expose them to several scenarios that they may
encounter. Thus, allowing their critical thinking and
communication skills to handle these scenarios best
(Shawaqgfeh, 2015). Gamification also increases
learning outcomes through rewards, levelling-up,
badges, and a leaderboard (Jones & Wisniewski, 2019;
Kiryakova, Angelova, & Yordanova, 2014). Examples of
gamification in pharmacy range from electronic
flashcard quizzing via Quizlet and computer games to
escape rooms and simulation games (Jones &
Wisniewski, 2019). In the United Kingdom, a web-based
game was developed by a university to allow pharmacy
students to review various aspects of the curriculum in
preparation for their licensing examinations. Designed
as a timed multiple-choice trivia quiz, a post-
intervention survey found that 59.3% of respondents
claimed they would use the game for other works in the
future, and 60.4% of respondents would appreciate a
similar activity for other pharmacy modules (Dudzinski
etal., 2013, as cited in Sera & Wheeler, 2017). Likewise,
a study at the University of North Carolina Pharmacy
School, United States of America, to determine the
effects of adding games to traditional lectures
concluded that most students found the games
enjoyable and helpful for gaining confidence while
exposing them to real-life experiences (Persky, Stegall-
Zanation, & Dupuis, 2007). Similarly, participants of a
pilot study of PharmacyPhlash, an educational board
game developed for pharmacy students at the
University of KwaZulu-Natal, South Africa, described
the game as a fun way of reinforcing learning (Bangalee
etal., 2021).

Limited research, however, has been conducted on AR
and gamification in pharmacy education in low-
resource settings. Low-resource settings are settings
with a complex network of interrelated concepts of
financial pressure, suboptimal healthcare service
delivery, underdeveloped infrastructure, paucity of
knowledge, research challenges and considerations,
restricted social resources, geographical and
environmental factors, human resource limitations,
and the influence of beliefs and practices (van Zyl et al.,
2021). Low-resource settings include most low-income
countries and some regions in the middle and high-
income countries (Wootton & Bonnardot, 2015). Of the
28 low-income economies, according to the World
Bank (2021), 24 are African countries. This paper calls
for the implementation of AR and gamification in
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pharmacy education in Africa and other low-resource
settings. The authors discuss the historical perspective,
challenges, rationale for adoption, and a proposed
framework.

Method
Search strategy

A search for relevant articles was conducted on three
databases (PubMed, PubMed Central, and Google
Scholar). The following keywords were used in the
search: ‘gamification’, ‘education’, ‘augmented reality’,
‘game-based learning’, ‘medical education’, ‘pharmacy
education’, ‘low resource settings’, ‘history’, ‘rationale’
and ‘challenges’. Combinations meant to capture AR
and gamification in pharmacy education, their
rationale, framework design, history, and challenges
were among the search terms.

Eligibility criteria

The articles that were included in this review were: (1)
Studies conducted using game-based learning
applications or AR to assess their use and impact
amongst students in tertiary institutions, (2) Studies
conducted on game-based learning and AR towards
pharmacy education, (3) Studies on implementation of
AR and game-based learning in tertiary education and
(4) Studies that identified challenges in implementing
the AR and game-based learning in tertiary education.
Papers that were not written in English were excluded.

The search was restricted to articles published between
1997 and 2022. It contained articles that provided a
timely overview and history of AR and gamification. The
search included a thorough screening of full-text
publications, reviews, and reports, with only those
highly relevant to this study being chosen. The
reference lists of the identified articles were screened,
and articles were selected if they met the eligibility
criteria.

Historical perspective

Technology's evolution can be seen in its influence on
the world in the past 25 years, as new ideas, concepts,
and products aimed at improving the life of mankind
are introduced into different aspects of life, including
the industrial, commercial, and educational sectors. A
prominent are of technological innovation today is the
concept of AR. While the idea of using virtual images to
improve day-to-day activities in the real world has a
long history, the concept of AR can be traced back to
the work of a computer interface pioneer, lvan
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Sutherland, in 1965. With Bob Sproull, Ivan Sutherland
created the first prototype AR system, called ‘Helmet
Mounted Display’ (Billinghurst, Clark, & Lee, 2015).
Although the term ‘Augmented reality’ was coined by
Tom Caudell and David Mizell in 1992, its application in
the education sector has only been established
recently. Researchers and educational professionals
are now improving their learning systems by applying
AR at primary, secondary, and tertiary levels.

Gamification, however, was introduced as an
innovation targeted specifically to increase individuals'
motivation and compliance by adopting elements from
games. The concept of gamification began in 1961
when French sociologist Roger Caillois wrote an article
titled Man, Play, and Games; In the article, he discussed
sophisticated forms of games that entertain (Pandey,
2017). However, the first paper introducing the modern
meaning of gamification to the world of academic
research, written by Sebastian Deterding, Dan Dixon,
Rilla Khaled, and Lennart Nacke, was published in 2011
(Deterding et al., 2011; Pandey, 2017).

Results

Rationale for adoption in Africa and other low-
resource settings

One of the most critical challenges faced by pharmacy
students is understanding the content of the course;
this often creates negative emotions and experiences,
leading to increased rejection and dropout rates from
pharmacy school (Mellado et al., 2014; Vidakis et al.,
2019). The limited number of lecturers,
underdeveloped infrastructure, paucity of knowledge,
research challenges, restricted educational resources,
and lack of pedagogy related to teaching courses are
challenges faced by pharmacy students in low-resource
settings like Nigeria and wider Africa (van Zyl et al.,
2021). Furthermore, enhancing the way students
investigate and understand phenomena and concepts
while promoting active and scientific thinking is critical
(Hug, Krajcik, & Marx, 2005; Slykhuis & Krall, 2011).
Therefore, the integration and adoption of AR and
gamification in pharmacy education would significantly
improve the learning and teaching processes in these
low-resource settings. AR application has become more
widespread with the rapid developments in handheld
devices and subsequent ease of use which creates a
student-centred approach to learning (Azuma et al.,
2001). The design and predicted learning effectiveness
of AR are underpinned by constructivist learning theory
and situated learning theory. This enables students to
be involved in active learning and experiential ways,
which enables them to construct their own context,
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knowledge and understanding through reflection
(Dunleavy, DeDe, & Mitchell, 2008; Wen et al., 2019). A
study by Thompson and Chapman (2022) involving 68
undergraduate pharmacy students revealed that AR
increased their motivation towards learning when
compared with a conventional method and, as such, is
a useful learning tool. Moreover, with the success of
digital games in education, gamification is becoming
increasingly accepted as an effective learning strategy
for creating highly engaging learning experiences.
Many studies have investigated the effects of
gamification, producing results in support of its
potential to improve: motivation, engagement, and
social influence while allowing students to immerse
themselves in experiential learning (Groening &
Binnewies, 2019; Lopez & Tucker, 2019). The
adaptation of gamified concepts will enhance
pharmacy students' positive learning outcomes, most
especially in low-resource settings in low-and-middle-
income countries, specifically the global south such as
Africa.

Gamification in higher education involves applying
game-based mechanics and aesthetics (such as
achievements and scoring systems) to motivate and
support learning activities within the classroom or
embedded within a virtual learning environment (VLE)
(Kapp, 2012). The mechanics of gamification include
aspects such as role-play, rules, cooperation and
competition, resistance, problem-solving activities,
feedback mechanisms, and resources to promote or
impede progress, and all of these closely resemble
video games (Des Armier Jr., Shepherd, & Skrabut,
2016). Students can develop their understanding
through problem solving or exploring learning activities
within the gamified environment because memory is
activated through collecting or matching tasks. Other
aspects of the gamified environment are avatars,
challenges, narrative and changes can positively impact
learning and motivation (Kapp, 2012; Kapp, Blair, &
Mesch, 2014). A survey conducted by Project Tom-
orrow found that gamification increases student
achievement (Caise, 2019). Palomino and colleagues
(2019) found that traditional teaching methodologies
implemented alongside gamification also achieve
positive results. Gamification is therefore a useful
addition to traditional teaching methods as it has the
potential to enhance student achievement. Tsay,
Kofinas and Luo (2018), however, found that learners
achieved higher scores overall in practical assighments,
but performed poorly in written assignments with less
participation in class activities. Therefore, it would be
important to consider the specific goal and context of
the implementation that would align it to the highest
likelihood of success and the decrease potential effects
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on other learner behaviours. This should serve as a
caveat to the implementation of gamification.

Furthermore, according to van Loenen (2019), serious
games can make use of both low-cost and high-cost
simulators, and they are scientifically validated since
they are validated by researchers and experts during
the development phase. Many serious games in the
field of e-health have been developed in the last
decade (Roubidoux, Chapman, & Piontek, 2009), and
these games deal with a variety of aspects such
as surgeon training, radiography operations, cardio-
pulmonary resuscitation (CPR), and patient care. Gostin
(2000) highlighted the importance of well-trained and
educated healthcare professionals to avoid medical
errors. This indicates that the use of serious games in
health education can provide an additional means to
develop an interest in learning, training, and evaluating
the performance of patients and health professionals.
From the patient’s perspective, games can have direct
or indirect positive physiological and psychological
effects on individuals (Watters, Oore, & Kharrazi, 2010),
which is precisely the aim of serious games in
healthcare. Watters, Oore and Kharrazi (2010)
investigated the use of games for children with long-
term treatment regimes, where the motivation for
compliance is a critical factor in the termination of the
treatment.

Students can use AR to learn from their mistakes,
obtain feedback from teachers instantaneously, reflect
on their mistakes, and try again. This could be very
helpful for pharmacy students learning about patient
safety, critical care, prescription errors, and how to
have difficult conversations (Coyne et al., 2019). The
interactive 3D environment afforded by AR can provide
different perspectives that may make difficult topics
embedded in the pharmacy curriculum easier to
understand and conceptualise. For example, students
could follow the journey of a drug through the human
body to learn about pharmacokinetics (Coyne et al.,
2019). Also, some topics are tedious and/or boring for
students to learn; AR can add an element of fun
through interactivity or even gamification (Upwork,
2018). Shawagfeh revealed that memorising the brand
and generic names of drugs could be developed into a
game to increase engagement (Shawaqfeh, 2015).

Whilst face-to-face pharmacy teaching allows students
to interact with real medications and devices, which
helps them become more comfortable with them, it
requires that students purchase a vast number of
different drugs and devices in order to use them in
class. The acquisition of these products can be costly,
and in some situations, the cost of these products may
prevent them from being purchased for classroom
usage. AR, on the other hand, can provide visual images
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of products and equipment for usage both inside and
outside the classroom, as well as images of foil strips
from tablets or other components contained within the
packaging for use in AR resources (Schneider et al.,
2020). According to Wijma and colleagues (2017), an
AR simulation movie depicting dementia through the
eyes of a patient was found to assist carriers with
insight and understanding. Furthermore, AR could be
used to allow pharmacy students to see what it is to be
a patient, with AR providing the movement of a drug
through the body on the anatomical, cellular, and
molecular level to see how drugs are distributed, how
they affect various organs, structural changes to the
drug during its journey, metabolism, and elimination
(Coyne et al., 2019). AR is also proving to be useful in
patient care by providing opportunities to understand
patients, helping patients overcome phobias,
distracting patients from pain, and motivating patients
to change their lifestyle (Miloff et al., 2016; Morris,
Louw, & Grimmer-Somers, 2009). In providing an
experiential learning opportunity for students, both AR
and gamification learning have been proven to be
effective e-Learning supports that can be used to
simulate and assess clinical techniques. They provide
unlimited access to practice sessions, along with the
quick feedback needed for effective learning while also
allowing for a standardised assessment of the skills
acquired by students (Duta et al.,, 2011). Given the
numerous benefits of AR and gamification, low
resource settings should incorporate these systems
into their learning process so as to enhance pharmacy
student motivation and under-standing.

Discussion
Proposed framework

AR and gamification technology have been simplified to
be readily accessed and operated via tablets, personal
computers, and mobile phones (referred to as Mobile
AR) in the form of apps that improve visual learning and
critical thinking (Behmke et al., 2019). Several studies
using AR-based games and applications to understand
the influence of AR and gamification in education have
demonstrated this; For example, Tosti and colleagues
(2014) found that the AR-based and gamified approach
increase learner’s motivation through its ability to
provide rapid feedback and relevant learning
information.

In China, researchers investigated how environmental
education, mobile AR, and gamification may be
combined to function at a low cost and be accessible at
tertiary institutions (Mei & Yang, 2019). The study by
Mei and Yang (2019) used ARIS as a design tool to
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create a mobile AR-based platform for learning and
teaching. It enabled increased student interaction with
the campus environment. ARIS focused on using the
features, such as plants, in understanding English terms
associated with the campus environment. Botanical
plants will need to be sampled for identification. The
identified features from sampling are converted into
meaningful data, which is important in creating an AR-
based platform such as ARIS to aid students learning in
pharmacy education. There is a need to begin
employing the physical and social environment to
design concepts such as plant puzzles, nomenclature,
and other pharmacognosy concepts.

The overall AR-based learning experience would have
to be monitored. AR-based learning should increase
overall learning from the theory covered in the
classroom, ensuring that concepts taught in classes can
be better understood. AR game-based learning will
help promote experiential learning in pharmacy
education in low-resource settings, such as Africa.
Transforming the usage of low-impact lessons into a
more exciting experience that adds to students'
knowledge (Lu et al., 2021).

Another study in Hong Kong, China, assessed students'
understanding of a fourth-year undergraduate
Chemistry course using an app developed by the City
University of Hong Kong (CityU) (Lu et al., 2021). An AR-
based flipped learning was presented to supplement
the students' learning and programmes using 3D-model
references, Adobe Photoshop, chemical items,
interactive and gesture control, AR image
identification, and game logic software. The gaming
app allowed students to identify a chemical by
providing information about its properties, usage, and
toxicity. Students were allowed to evaluate the
principles of misplaced chemicals in a relational
environment such as their own homes. Their lecturers
also required them to form cohorts to conduct a mini-
research on the chemicals assigned to them and
present their findings to others. The experience
allowed collaboration as team members before
gathering to discuss their findings. Students from
different groups can learn from their colleagues' mini-
research and receive comments on their work. This AR
tool was also designed for online self-learning, in which
students can access and review unclear topics and
courses at their leisure (Lu et al., 2021). The fashion of
learning that this AR-based learning proffers for the
students is a credible method of designing and learning
educational concepts and lessons. Therefore,
collaboration, self-learning, and discussion should be
considered while incorporating AR-based technology
design in pharmacy education in Africa and other low-
resource settings.
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Between March and October 2018, researchers at the
University of Newcastle, Australia, investigated AR in
pharmacy education, which resulted in the creation of
the AR MagicBook device. AR can generate visual
images of items and devices utilised inside and outside
the learning environment. The app includes trigger
images produced from photographs of medication
boxes, videos, and cartoons to deliver medication
information such as the generic name, pharmacology,
indications, and prescriptions. As a result, when a
mobile device such as a tablet or an iPhone with HP
Reveal installed is held over a medication box, it
instantly displays drug information (Schneider et al.,
2020). Although, naloxone was employed in this study
(Schneider et al., 2020), additional drugs of therapeutic
importance in pharmaceutical care and clinical practice
can be synced into the app to achieve the same learning
goals in wider pharmacy education, especially in a more
practical setting like industry, hospital, and community
pharmacy. Students' knowledge of medicines will be
improved significantly with the inclusion of exercises in
their modules to test their cognitive ability regarding
the lessons they have learnt.

Researchers have also previously used AR in healthcare
education settings by simulating neurons, membranes,
and cardiovascular system components like the heart
and blood. Smartphone apps project 3D structures and
connect them to anatomy textbooks (Pantelidis et al.,
2018). Shawagfeh, in a review, highlighted specific
game-based learning approaches in pharmacy schools
found to enhance critical thinking among students. The
approaches were concept mapping for a pharmacy
communication course, patient simulation utilising
mannequins for a critical care pharmacotherapeutic
class, and crossword puzzles for interactive teaching in
clinical pharmacy. Incorporating various types of these
games into the pharmacy curriculum may help students
prepare for real-life experiences by introducing them to
potential scenarios (Shawagfeh, 2015). There are
enough topics that concern real-life experiences in
pharmacotherapy and clinical pharmacy. With the
rising focus of pharmacy education in pharmaceutical
care and patient counselling, it will be critical and
instrumental to design an AR invention that simplifies
concepts in areas where the focus is being centred.

According to the findings of the studies: (1) the use of
AR-based and gamified apps is reachable in low
resource settings, and (2) AR increases the quality of
learning and will benefit undergraduate pharmacy
students.

AR-based apps and games can be used to create online
self-paced modules with explicit instructions before or
after a physical class. Lecturers will need training on
how to utilise the platform in the conduct and
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assessment of their courses. Specifically, a study similar
to the ones identified in several articles (see: Behmke
etal., 2019; Luetal., 2021; Mei & Yang, 2019; Pantelidis
et al., 2018; Schneider et al., 2020; Shawaqfeh, 2015)
can be undertaken in Africa and other low resource
settings to assess students' perceptions and
acceptance of AR in learning. AR and game-based
applications utilised as learning resources must be
compatible with today’s educational system to remain
popular and effective for students. Their
implementations must be transferable to different
formative settings (Schneider et al., 2020). Because AR
frequently uses a computer or smartphone as
hardware for running AR applications (Pantelidis et al.,
2018), emphasis should be on ensuring that students in
Africa and other low-resource settings have access to
digital facilities and training in tertiary institutions if
necessary. This can be achieved by establishing a long-
term framework that addresses pharmacy school
inconveniences and secures the benefits of students
from varied backgrounds. In addition, pharmacy
schools in Africa and other low-resource settings
should continue to look for ways to include productive
AR-based learning into their curriculum.

Landers and colleagues (2015) identified a gap in the
current theories of gamified instructional design;
therefore, there is a need for studies to create
theoretical knowledge and background for gamification
in education, especially in advanced schooling. Two
instructional design processes relevant to psychology
were identified: learning and motivational theories.
This highlights the ways game elements in gamification
are used to influence the pattern of learning. The
motivation theories were identified as expectancy-
based, goal-setting, and self-determination theories. It
further suggested that gamification must be designed
to control a specific character, attitude, or behaviour.
The theory pointed out that the result of the targeted
behaviour will differ depending on the exact nature of
the mindset. If gamification is to augment learning
experiences by creating better experiential learning
experiences, then it must be that experiential learning
experiences will improve learning directly. Similarly, in
their work, Bedwell and colleagues (2012) mentioned
some specific aspects of games in gamification, such as
action language, assessment, control, immersion,
environment, human interaction, and rules/goals. It is
also critical that learners consider the reward for such
gamification necessary when learning via game-based
learning. When designing the game instructions for
learning, it should be ensured that goal setting and
progress are likewise monitored (Reiners & Woods,
2015).

The Octalysis framework, a concept developed by Chou
(2015), consists of eight core drives that express the

12
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motivation exhibited by gaming users. It examines and
evaluates the characteristics embedded in a game
application to ensure that the intended goal of effective
learning is met. Chou (2015) examined numerous game
applications and determined the underlying motivation
based on their success. These core drives may be
identified in the design of a framework for a game-
based learning application. It also emphasises the
importance of monitoring and management when
using gamification. The Octalysis Framework, alongside
Gamification Design Framework, has since been used in
an investigation of five commerce products in
Indonesia (Yudhoatnojo & Ramadana, 2016). The eight
core drives of the Octalysis Framework are epic
meaning and calling, development and
accomplishment, empowerment of creativity and
feedback, ownership and possession, social influence
and relatedness,  scarcity and  impatience,
unpredictability and curiosity, and loss and avoidance
(Yudhoatnojo & Ramadana, 2016; Chou, 2015). Players
will be unmotivated and may abandon the game if the
core drives are not discovered in gamification. Chou
exemplified the catalysis processes further into ‘Level
1, ‘Level 1I,” and ‘Level Ill,” all of which could be
resourceful in the design of game applications for
tertiary education (Chou, 2015).

The ACRS approach employs an acronym for four
different words: attention, relevance, confidence, and
satisfaction. It emphasises that game applications must
attempt to catch the attention of end-users learners
and offer realistic requirements and experiences for
the learners in order to establish their confidence in
using the game application. There is a connection
between intrinsic and extrinsic motivation, and their
coexistence aids in the completion of various tasks.
Intrinsic motivation creates confidence in learners to
execute a task. It gives learners the ability to decide and
be able to connect with other competitive learners.
Extrinsic motivation will help learners focus attention
and stimulate their performance by displaying rewards
after a successful performance (Kapp, Blair, & Mesch,
2013).

A gamified simulation's features can vary. However,
critical metrics, such as using single or multiple players
and puzzle elements to engage pharmacy students in
their pharmacy education, should be identified. In this
approach, the enjoyment is preserved, and students
can recognise real-world scenarios and solve them. In
simulation design, creating simulation feedback is
necessary to continue engaging with learners for
continued learning with rewards, points, badges, and
leader boards. The other part of the simulation where
interactivities occur will identify missions, challenges,
puzzles, and collaborative efforts. This concept of
interactivities and feedback was developed by Pirker
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and Gutl (cited in Reiner & Woods, 2015). Also, in the
process to gamify educational simulations, steps that
link the challenges with the feedback loop are ordered
as follows: Pedagogical goal, interactive simulation
elements, game participants, feedback types, and
challenge design (Reiner & Woods, 2015).

To achieve the intended results, instructors in tertiary
education must use game-based learning with caution.
This is because incorporating various gaming
components into educational learning without a robust
design will be less effective in enhancing learning
experiences and supplementing real-world realities
(Kapp, Blair, & Mesch, 2013). The numerous recognised
structures and frameworks act as pointers and guides
to guaranteeing the successful design of gamified
learning content in pharmacy education. These
frameworks create concepts and ideas for instructional
design, implementation, credibility evaluation, and
game-based learning monitoring. In a structural
gamification system for tertiary education, the avenues
students may use to cheat in the system should be
critically analysed. In reducing this form of malicious
acts by students, Kapp, Blair and Mesch (2013)
suggested that aligning the avenues for cheating with
the goals of game-based learning is vital in reducing
cheating. Aside from the narrowing of chances to cheat,
students are focused on attaining the set goals for their
game-based learning.

Challenges and limitations involved in the utilisation
of AR and Gamification

Despite the growing interest in AR and the vast range
of research being conducted in developed and
developing countries, significant problems and issues in
social acceptability, technology, and usability still exist
and must be addressed (Essel et al., 2022). According to
the World Health Organization (WHO), more than a
billion people worldwide live with a disability, and this
number is expected to double by 2050 (WHO,
2018). Despite  significant  attempts and the
demonstrated benefits of AR in special education, the
majority of AR applications for education still lack
accessible features (Garzén, Pavon, & Baldiris, 2019).
Wu and colleagues (2013) reported that very few
technologies are designed for students with special
needs. A study by Georgia Tech’s Wireless Engineering
Rehabilitation Research Center indicated that wireless
devices such as smartphones or tablets are used by 92%
of people with disabilities (Moris et al., 2016). Thus, it
can be deduced that mobile technologies play a critical
role in providing autonomy to students with
disabilities. In this respect, including accessibility
features in AR apps has the potential to leverage the
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technology's various benefits to improve special
needs education (Garzon, 2021).

Usability is another issue associated with AR
applications with several reported studies on the
complexity of using AR systems in education (Akcayir &
Akgayir, 2017; Dey et al., 2018; Garzén, Pavon, &
Baldiris, 2019; Radu, 2014). This is due to the multiple
senses and simultaneous tasks required from students
when using the AR system, which may overload their
attention, thereby affecting the usability of AR systems
(Akgayir & Akgayir, 2017). The usability of Second-
Generation AR in Education (2GARE) applications,
however, has improved notably compared to First-
GARE applications (Garzon, 2021). Usability difficulties
may cause time loss for students and may require
excessive additional lecture time (Wu et al., 2012).
Gavish and colleagues (2015) found that an AR-using
group required considerably longer mean training
periods than a non-AR-using group. Therefore, to help
overcome this challenge of AR in education, it is critical
to consider design strategies that favour the usability of
AR applications in order to ensure that they can be
easily implemented in any educational context, as well
as identify how new deployment technologies can
improve AR system usability (Garzon, 2021).

Furthermore, most AR applications are designed to be
implemented on a specific platform and lack cross-
platform support, which affects their dissemination.
Consequently, to reach more users, developers of AR
applications must go through repeated development
cycles to accommodate multiple platforms, increasing
production time and costs (Qiao et al.,, 2019).
Furthermore, application-based AR necessitates a
lengthy and time-consuming download and installation
process. This leads to users deleting the app after a few
uses in order to free up space on their devices, and
other potential users opting not to download it at all.
To improve adoption, the number of barriers to
accessing the AR experience for the end user must be
reduced, which can be accomplished by eliminating the
requirement to download or update AR programmes
(Garzon, 2021).

More so, when it comes to integrating AR applications
into learning activities, there is a paucity of pedagogical
techniques. Several studies have found this problem,
indicating that most teachers use AR applications
without considering pedagogical aspects, limiting the
effectiveness of the interventions (Huang, Chen, & Hsu,
2019; Turan, Meral, & Sahin, 2018). AR-related learning
activities typically include novel approaches like
participatory simulations and studio-based teaching.
The nature of these instructional approaches, however,
is considerably different from conventional teaching
methods which is teacher-centered, delivery-based
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orientation (Kerawalla et al., 2006; Mitchell, 2011;
Squire & Jan, 2007). Garzon, Pavén and Baldiris (2019)
reported that educational applications based on AR
must transcend technological aspects, as the
technology by itself does not ensure success in the
learning process. Therefore, it is necessary to identify
which pedagogical approaches are the most
appropriate for each educational setting to encourage
stakeholders to consider technology together with
pedagogical strategies to guarantee the best AR for
education (Garzon, 2021).

Furthermore, the time constraints and funding issues,
such as the high costs related to Digital game-based
learning and technology-enhanced learning for
theological education, are challenges faced by low-
resource settings. For instance, in South Africa,
students struggle with connectivity issues, very high
internet costs and some issues relating to digital
literacy (Sawahel, 2019). In order to address this,
African universities need to create innovative spaces
dedicated to game-based learning in order to facilitate
the implementation of the systems.

Conclusion

This study reviewed the need to implement AR and
gamification in pharmacy education in Africa and other
low-resource settings with insights on the historical
perspective, challenges, rationale for adoption and a
proposed framework for the implementation. AR and
gamification technologies have demonstrated the
potential to provide motivating, engaging and
compelling solutions in the educational and learning
context in higher education institutions. Focusing on
health courses such as Pharmacy; however, a large
investment in providing appropriate resources for
training pharmacy students is necessary. AR and
gamification provide a viable alternative to the
traditional provision of physical resources, including
expensive infrastructure that students require to put
theory to practice. More so, these technologies show
pedagogical promise of deepening the student learning
experiences, allowing for more opportunities for work-
integrated learning experiences and reflection. This is
particularly important in developing countries in Africa
that have complex networks of interrelated pressures
of finances, suboptimal healthcare service delivery,
underdeveloped infrastructure, paucity of knowledge,
research challenges and human resource limitations.
AR and gamification have not yet been fully adopted in
developing countries with low resource settings due to
the problems of funding two-dimensional computer
screens, expensive simulation mannequins and limited

14



Babatunde, et al

research on the application of AR and gamification in
pharmacy education. Notwithstanding the challenges
that are posed by these technologies, their potential
benefits are both economical as well as pedagogical in
nature. Students can access these benefits and
potentially overcome some of the issues by using the
widespread accessibility of mobile platforms such as
mobile phones to access the technologies and engage
in ubiquitous experiential learning. Therefore, the
incorporation of AR and gamification in pharmacy
schools in low-resource settings, such as Africa, will
provide pharmacy students and tutors with more
engaging teaching and learning experiences.
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