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Introduction
Problem-based learning (PBL) is a student-centred instructional strategy that is charac-
terised by three elements: triggers, tutors and students (Mustard, 1982). A PBL involves 
small group discussion and presentation, whereby the students learn using authentic 
real-world problems, guided by a tutor. The quality of these elements and the dynamic 
interactions among them determine the success of a PBL session. Triggers usually con-
tain case scenarios or problems created by content developers to initiate students’ dis-
cussions in the PBL sessions, and thus facilitate the problem-solving process (Schmidt 
et al., 2011). Hence, PBL is an effective platform for integrating the basic sciences with 
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clinical knowledge (Azer et al., 2012; Hmelo-Silver, 2004). In addition, the trigger should 
be designed in a way that can stimulate students’ enquiry and promote sustainable group 
discussion to ensure the achievement of a possible solution (Majoor et al., 1990).

A PBL tutor also plays a major role in ensuring the smooth running of discussions dur-
ing a PBL session by establishing a mechanism that would allow all students to actively 
partake in the discussion. Such mechanisms include obtaining students’ consensus in 
assigning learning roles and asking mind-blowing questions that can stimulate discus-
sion (Azer, 2004; Schell, 1998). Furthermore, a tutor needs to instil students’ interest 
and motivation by encouraging the group members to share their experiences that are 
related to the learning context (Azer et al., 2013).

The students’ role in PBL is to discuss the triggers in a small group of eight to ten stu-
dents, whereby they need to identify and clarify any new terminologies, categorise issues 
related to the problem, brainstorm possible hypotheses based on their prior knowledge, 
develop an enquiry plan and refine their hypotheses based on the evidence from the 
provided information in the problem scenario (Hendry et al., 1999; Orrill, 2002). Sub-
sequently, the students need to formulate suitable learning issues and agree upon these 
issues before proceeding with task distribution and execution. During self-exploration 
and self-study, students need to gather all resources related to the learning issues and 
integrate the new information into the issues raised during the discussion. The findings 
of the self-task will be presented to the group members during the second PBL session 
(Wood, 2003). It is worth highlighting that the primary aim of PBL is to stimulate discus-
sion and integrate various branches of knowledge while attempting to solve problems 
(Taylor & Miflin, 2008).

PBL has gained popularity as an effective method to instil problem-solving skills in 
undergraduate medical students (Demirören et  al., 2016; Karunathilake, 2019; Tayyeb, 
2013). Several recent reviews have documented the positive impact of PBL on students’ 
learning. Torre et  al. (2016) revealed that PBL has the capability to enhance students’ 
intrinsic motivation and active learning, which consequently promotes a deep learning 
approach. Norman and Schmidt (1992) concluded that students who attended PBL ses-
sions achieved a higher retention of knowledge over a period, acquired essential skills 
for integration of basic sciences with clinical knowledge and strengthened their self-
directed learning skills throughout the medical programme.

Prince et al. (2005) revealed that medical graduates who attended a PBL-based curric-
ulum perceived their communication skills as well-developed, as they could confidently 
communicate with others during their internship. The application of PBL during med-
ical school also prepared students to be competent in decision-making, which is well 
aligned with the needs of future physician (Schmidt et  al., 2006). A systematic review 
of the impact of PBL-based curriculum also revealed a positive achievement of medi-
cal graduates’ competencies, namely related to cognitive and affective learning domains 
(Koh et al., 2008).

However, the implementation of PBL has some limitations. A survey by Al-Naggar and 
Bobryshev (2012) revealed the low receptivity of this method among medical students. 
Students in the PBL-based curriculum perceived their workload during PBL learning 
as taxing, not rewarding and time-consuming compared to traditional lectures (Dol-
mans et al., 2016). As a result, students opted for a simple, short-cut discussion before 
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making an immediate diagnosis, rather than exploring the process to achieve the diag-
nosis (Moust et al., 2005). Most of the students failed to engage in self-study and were 
thus unprepared for the second session. Consequently, the PBL discussion was ineffec-
tive and failed to construct new knowledge (Hung, 2011; Moust et al., 2005). Therefore, 
educational researchers need to evaluate and explore different strategies in which PBL 
can be integrated with other pedagogical approaches to augment the positive effects of a 
single approach. One way of doing this is by utilising gamification in PBL.

Gamification is the utilisation of game design elements or experiences in a non-gam-
ing context to increase student engagement and stimulate their active participation, 
thus enhancing educational outcomes (Deterding et  al., 2011). Lazzaro (2004) stated 
that game elements stimulate human emotions, such as enjoyment, amazement, sense 
of achievement, happiness, greed and frustration. Gamification motivates and enhances 
learners’ engagement and promotes the achievement of learning outcomes (Hamari 
et al., 2016; Mahmud et al., 2020; Ott & Tavella, 2009). Gamification also increases stu-
dents’ participation in class, strengthens their collaboration, motivates them to perform 
self-study and complete assignments, promotes exploratory approaches to learning and 
enhances their creativity (Dichev & Dicheva, 2017). Hence, gamification is an effective 
way to enhance learners’ engagement and collaborative skills in problem-solving (de la 
Peña Esteban et al., 2020; Huang et al., 2010).

The backbone of gamification is the game design elements that help students to 
achieve task performance. A seminal study by Toda et  al. (2019a, 2019b) synthesised 
21 game elements for gamification relevant in the educational context. The study was 
based on a survey conducted among 19 gamification and educations experts. The game 
elements synthesised in the study include: (1) acknowledgement: appreciation given to 
the players in the game; (2) chance: possibility of certain actions to occur; (3) compe-
tition: players strive towards common goals; (4) cooperation: players working together 
to achieve common goals; (5) economy: using monetary transactions within the game; 
(6) imposed choice: decisions that must be made by players to proceed in the game; (7) 
level: hierarchical layers present in a game; (8) narrative: chronological events that occur 
in a game; (9) novelty: new and updated data and information; (10) objectives: guides 
the players’ actions; (11) points: unit awarded for players’ achievement; (12) progres-
sion: unit to measure players’ progress; (13) puzzles: challenges in a game to stimulate 
thinking in players; (14) rarity: application of limited resource elements in the game; (15) 
renovation: act of a player that can repeat; (16) reputation: recognition that players accu-
mulate in a game; (17) sensation: players create new experiences and connections in a 
game; (18) social pressure: peer pressure interaction within the game; (19) stats: data 
that represent players in a game; (20) story telling: activity of a game that is told; and (21) 
time pressure: pushing factor through time within a game.

Successful gamification is not just applying game elements or game experience. Learn-
ers also need to consider other instructional elements, namely the context of instruction 
that is gamified (Hamari et al., 2014), and the theoretical application that is suitable for 
that context (Van Gaalen et al., 2021). Among various established educational theories, 
self-determination theory (SDT) is aligned with the implementation of gamification in 
PBL as this theory emphasises the function of motivation in a social context to drive 
individual and collaborative learning (Ryan & Deci, 2000). According to Ryan and Deci 
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(2000), motivation is the desire to perform a task, explained in two ways: (1) intrinsic 
motivation—defined as internal desire to perform a task because of love and enjoyment; 
and (2) extrinsic motivation—defined as doing a task solely for the outcome purpose.

The SDT satisfies three basic psychological and social needs that could stimulate their 
intrinsic motivation to learn: autonomy, competence, and relatedness. Autonomy refers 
to the sense of will when performing a task. For example, when a learner performs an 
activity by his or her own personal will and interest, the learner perceives high learning 
autonomy, which subsequently enhances his intrinsic motivation (Van den Broeck et al., 
2010). Competence refers to the need of learners to be efficient in performing a task 
and willingness to participate in challenges. To improve learners’ perceived competence, 
constructive feedback is given by instructors or tutors during and after each task com-
pletion to improve students’ intrinsic motivation (Sailer et al., 2017). Relatedness refers 
to a learner’s feeling of being connected to other group members and the tutor. By hav-
ing the sense of relatedness, a learner perceives receiving full learning support, which in 
turn increases their intrinsic motivation (Ryan & Deci, 2000).

The SDT has been proven to be beneficial in medical science disciplines that involves 
collaborative learning activity. A qualitative study by Patiwael et al. (2021) that explored 
students experience in learning physical examination skills unearthed several themes 
related to collaborative learning, namely “interaction”, “thinking for themselves” and 
“active participation”. These themes also comply with the framework of the SDT. Simi-
larly, Burgess and Ramsey-Stewart (2014) reported the use of SDT elements in whole-
body dissection group activities facilitated by surgeons that could facilitate student 
motivation. The sessions had instilled students’ enthusiasm, the sense of having group 
support and good learning achievement, and provided optimal challenges in group 
activities, which consequently facilitated their motivation to learn (Burgess & Ramsey-
Stewart, 2014). Hence, this scoping review aims to unearth the persuasive gamify ele-
ments related to PBL and collaborative learning that fulfil the three psychological needs 
of SDT.

Methods
Scoping review protocol

Two ethical approvals were obtained prior to the review (Human Research Ethics Com-
mittee Universiti Sains  Malaysia,(USM/JEPeM/19120849) and  International  Islamic 
University Malaysia Research Ethics Committee (IREC 2019-242).This scoping review 
was performed using the protocol by Arksey and O’Malley (2005), which comprises five 
phases: (i) identification of research questions; (ii) identification of relevant articles; (iii) 
selection of relevant studies; (iv) data collection and charting; and (v) collating, summa-
rising and reporting the results.

Identification of research questions

This scoping review aims to capture the persuasive gamify elements that could be gener-
ated from PBL instruction by answering one research question: What are the persuasive 
gamify elements related to PBL? For review purposes, the persuasive gamify elements in 
PBL were defined as gamify elements that have been proven to successfully promote the 
achievement of desired learning outcomes—either quantitatively or qualitatively—in a 
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PBL setting. The positive outcome variables include students’ and faculty perception of 
the educational intervention, students’ learning experience and task performance after 
the educational intervention, experts’ judgement of learning context, and other indirect 
variables such as students’ attendance rate, participation, interactions and improvement 
in communication skills in a PBL setting.

Identification of relevant articles

An electronic search was performed using three databases—PubMed, Google Scholar 
and Scopus. PubMed and Scopus cover a wide range of indexed databases (Balhara, 
2012), while Google Scholar is the most comprehensive academic search engine yield-
ing 389 million academic records (Gusenbauer, 2019). By combining multiple databases, 
the comprehensiveness of the literature could be achieved (Xiao & Watson, 2019). The 
searches were conducted on articles published in English between 2016 and 2020. Five 
search terms with Boolean combinations were used, whereby the keywords were iden-
tified from the Education Resources Information Center (ERIC) and Medical Subject 
Headings (Mesh) databases. The search terms were tested and refined using multiple 
test searches. The final search terms with the Boolean operation were as follows: “prob-
lem-based learning” AND “persuasive OR gamify OR gamification OR game”. The final 
search for this study was conducted on 30 January 2020.

Selection of relevant articles

The relevant articles were identified, reviewed and selected based on several selection 
criteria (Table 1). These criteria were tested on a sample of titles and abstracts to ensure 

Table 1 Inclusion and exclusion criteria

Criteria Inclusion criteria Exclusion criteria

Abstract selection The abstract The study context mentioned in the abstract 
is primary and secondary education 

 Has at least one persuasive gamify ele-
ment in PBL or collaborative setting in 
higher education

 Provides evidence of a robust study 
design, not limited to randomised 
controlled trials

 Provides evidence of evaluation and 
highlights quantitatively and qualita-
tively measurable outcomes

Full article selection The article Review articles, published theses, books, 
research report, editorial and letters will be 
excluded from the searching process 

 Provides elaboration on effective persua-
sive gamify elements 

 Provides well-designed research inter-
vention with clear methodology on the 
measurement of the outcome

 Describes PBL or collaborative learning 
as the context of study

 Describes a functional element that has 
been proven to promote learning
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their robustness in capturing articles related to persuasive gamify elements in PBL. The 
eligible articles were reviewed by two researchers, and consensus was reached either to 
accept or reject the articles.

Data charting

The extracted data were charted in a table, and these include author(s), publication 
year, discipline, intervention performed and outcomes.

Collating, summarising and reporting the results

A thematic analysis was performed to identify the persuasive gamify elements in the 
literature. The elements were selected based on SDT psychological and social needs 
and were organised into several themes and subthemes. This process was performed 
by two independent researchers. The inputs from both researchers were triangulated, 
and consensus was made either to accept or reformulate the themes and subthemes.

Results
Literature search

Based on the keyword search, 5532 articles were obtained, from which 5343 dupli-
cates and resources that were not original articles were removed. Based on the inclu-
sion and exclusion criteria for abstract selection, the eligibility of the remaining 126 
abstracts was evaluated. The abstracts that did not fulfil the criteria were removed, 
leaving 35 articles for the subsequent evaluation. The 35 full articles were evalu-
ated for eligibility based on the inclusion and exclusion criteria for the full article. 
Finally, 14 articles were selected for the final review, and important information 
was extracted. Table  2 summarises the study characteristics. The selection stage is 
explained using a PRISMA flow chart (Moher et al., 2009) (Fig. 1).

Results of the thematic analysis

The thematic analysis yielded six main themes of persuasive gamify elements: high-
fidelity simulation, inquisitive exploration, collaborative learning, interactive instruc-
tion, guidance and feedback, and rewards. These themes comprise 16 subthemes, 
which are described in detail in the next subsections. Table 3 summarises the results.

Theme 1: high‑fidelity simulation

High-fidelity simulation involves a simulation that is authentic to the learning con-
text. For instance, students can perform a role-play according to the given scenario 
and learning objectives of PBL (Duncan et al., 2018). Adopting the clinical scenario 
into the role-play will make the session more lively, and students could appreciate 
the learning through verbal and non-verbal acts (Novak et al., 2018). During the role-
play, the students can simulate their role not only as a doctor, but also as a patient, 
family member or even a technician in handling medical equipment (Duncan et al., 
2018; Mutter et al., 2020).

In addition, simulation requires the use of real equipment that is normally used in 
the actual or clinical setting. These include using a sphygmomanometer and cardiac 
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monitoring for cardiovascular-related triggers, intravenous solutions to explain fluid 
physiology-related cases and oxygen therapy equipment in respiratory-related trig-
gers (Mutter et al., 2020). Plastic manikins that resemble patients can also be used to 
explain and demonstrate the physical examinations discussed during the PBL session 
(Mutter et al., 2020).

The authenticity of the case scenario also plays an important role in ensuring the 
success of the simulation; hence, expert advice should be sought when creating the 
clinical scenario (Mutter et  al., 2020). The case should be constructed using real 
patient information so that it could mimic patient experience and emotion that they 
might encounter in their future career (Duncan et  al., 2018; Rozali & Zaid, 2017). 
Nevertheless, these data should be modified and de-identified to ensure anonymity 
(Prochazkova et al., 2019).

Theme 2: inquisitive exploration

Inquisitive exploration involves the use of gamified instructions that promote discov-
ery of gaps in students’ knowledge. Gamified instructions stimulate curiosity in learn-
ing through various mechanisms, such as randomness in selecting tasks (Shukor et al., 
2019), uncertainty of the task outcomes (Novak et al., 2018), readiness in conducting any 
unknown task (Duncan et al., 2018) and anticipating consequent tasks after completion 
of the prior task (Prochazkova et al., 2019). In addition, more emphasis is given to pro-
vide a creative problem-solving process rather than finding solutions (Jensen, 2017). The 
second subtheme that contributed to inquisitive exploration is the provision of positive 
learning environment which includes the involvement of a secure psychological learning 

Fig. 1 PRISMA flowchart of the articles selection process
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Table 3 The results of thematic analysis

Theme Subtheme Elements 

High-fidelity simulation (autonomy) Role playing simulation Simulate the role

 According to the given  taskg,j

 Align with learning  objectivesg

 After understanding the  contenta

Equipment simulation Equipment simulation via

 Medical  equipmenta 

  Manikina

Authenticity of case scenario Realistic case scenario that based on

 Real life  experienceh,j

 Modify or de-identify from real 
 dataf

 Their future  practicej,k

 Discussion with content  experta

Inquisitive exploration (autonomy) Stimulate curiosity in learning Adding element of

 Randomness in selecting a  taskc

 Uncertainty or suspense of the 
 outcomeg

 Readiness in conducting any 
unknown  taskj

 Anticipating consequent tasks 
after completion of the prior  taskf

Emphasize on creating a creative 
problem-solving process rather than 
the finding  solutionl

Provide positive learning environ-
ment

Encourage student 

 To learn at their own  pacel

 To comments with an open mind 
and without  criticisml

Collaborative learning  (relatedness) Functional group dynamic Encourage participation by 

 Giving equal chance to 
 participatec

 Apply turn-taking  mechanisme 

 Visualizing evidence of student 
 participationm

Setting a defined rule to

 Governed individual learning 
 behaviourl 

 Limit dominant  behaviourc

Intergroup competition Intergroup Compete to Complete 
a  taskm

Intragroup cooperation Intragroup active information 
 sharingm

Interactive instruction (autonomy) Interactive learning tools Blend the learning with the use of

 Graphical tools such as sketching 
or data  presentationl

 Audience response system 
such as TurningPoint, Kahoot, 
 Socrativeg,n 

 Mobile  gamesk

 Virtual reality system  visualizationl

 Live  animationsh

 Facebook or  WhatsAppm
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environment. The safe learning environments encourage students to learn at their own 
pace and give students a chance to comment openly without any criticism during the 
discussion sessions (Jensen, 2017).

Theme 3: collaborative learning

Collaborative learning ensures that all students play their role and fulfil their respon-
sibility in PBL. For instance, students’ full participation in PBL can be encouraged by 
giving students an equal chance to talk or conduct activities through a turn-taking 
mechanism (Shi et  al., 2019; Shukor et  al., 2019). Displaying evidence of student’s 
participation can motivate them to interact among themselves during the dis-
cussion session (Arnab et  al., 2016). In addition, setting up rules in the PBL may 
govern individual learning behaviour by encouraging contribution from quiet stu-
dents and limiting the involvement of dominant students. Collaborative learning 
is also enhanced through intragroup cooperation and intergroup competition. The 

a Mutter et al. (2020), bSouza et al. (2020), cShukor et al. (2019), dDandge & Desai (2019), eShi et al. (2019), fProchazkova et al. 
(2019), gNovak et al. (2018), hTopalli and Cagiltay (2018), iMayer et al. (2018), jDuncan et al. (2018), kRozali and Zaid (2017), 
lJensen (2017), mArnab et al. (2016), nCusick (2016)

Table 3 (continued)

Theme Subtheme Elements 

  Emailm

 Discussion  boardg

 Challenging instruction The instructional content is

 Setting multiple levels of goals 
that align with the learning 
 outcomea,k

 Applying various degree of diffi-
culty that align with student levels 
of  knowledgek

Interesting narration Narrative that based on

 Single long case scenario that is 
divided into smaller sections of 
story  plotsg,f

 The use of memorable PBL 
 characteri

Guidance and feedback (compe-
tence)

Immediate constructive feedback Feedback needs to be

  Immediateg,h

  Continuousg,h

 Visualized on the displayed  boardg

 Converted into leader  boardn

Facilitation, task, and resource 
guidance

Provide students with

 Relevant learning  materialf,g

 Guidance or structure to  followj,l

 Hints on how to proceed next 
 stagek

 Warning to avoid  mistakesk

  Tutorialk

Rewards (competence) Task specific rewards Appreciation given once performing 
or completing certain  taskn,e,d 

Realtime rewards Appreciation given  instantlyn
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intergroup competition enhances communication among group members and sub-
sequently increase intragroup cooperation in finding solution for the given problem 
(Arnab et al., 2016).

Theme 4: interactive instruction

A gamified PBL can be engaging through utilisation of interactive instruction and tools 
that promote active learning. For instance, an audience response or voting system in 
online quiz applications (e.g. Kahoot, Socrative and Turning Point) can create competi-
tive learning environment, thus enhancing student’s engagement (Cusick, 2016; Novak 
et al., 2018). The students can present their material or ideas in PBL using graphical tools 
(Jensen, 2017), a discussion board (Novak et al., 2018), live virtual animations (Jensen, 
2017; Topalli & Cagiltay, 2018) or by converting the material into mobile games (Rozali 
& Zaid, 2017). Students can also utilise social media such as Facebook, WhatsApp and 
email as a tool for knowledge sharing (Arnab et  al., 2016). Besides that, a challenging 
instruction should be incorporated in PBL to stimulate cognitive skills. The instruction 
should impose various degrees of learning content difficulty through setting multiple 
levels of goals that are aligned with the learning outcomes (Mutter et al., 2020; Rozali 
& Zaid, 2017). Furthermore, the case triggers should also be designed into several story 
plots that could cover one or two sub-objective(s) (Novak et al., 2018; Prochazkova et al., 
2019). To make the triggers more interesting, the names of the subjects involved in PBL 
can be replaced with unique memorable characters, such as real artists or cartoon char-
acters (Mayer et al., 2018).

Theme 5: guidance and feedback

Constructive feedback in PBL should be given through the application of structured 
resources and learning task. To ensure constructive feedback is given in real time and 
to trigger discussions, it was agreed that the output of the discussion should be dis-
played on the discussion board to let other team members to comment (Novak et al., 
2018; Topalli & Cagiltay, 2018). The use of a leaderboard can also be a platform to 
provide simultaneous feedback (Cusick, 2016). Students should also be given appro-
priate resources and guidance that can facilitate their learning processes throughout 
PBL (Novak et al., 2018). For example, students should be provided with clear learn-
ing objectives, suitable learning material, detailed instruction, hints, warnings and 
tutorial to assist them reaching the solution (Mutter et al., 2020; Novak et al., 2018; 
Prochazkova et al., 2019; Rozali & Zaid, 2017).

Theme 6: rewards

Rewards represent the gamified appreciation to learners for their achievement in PBL. 
The rewards should be task-specific that focus on the learning process rather than 
the outcome (Cusick, 2016; Dandge & Desai, 2019; Shi et  al., 2019). In addition, the 
rewards can be given in real time as an instant token of appreciation for the tasks they 
performed individually or collaboratively (Cusick, 2016). The findings of each selected 
study are matched with these six persuasive gamify themes and are attached as Addi-
tional 1.
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Discussion
This scoping review outlines six themes of persuasive gamification elements in the 
PBL context: high-fidelity simulation, inquisitive exploration, collaborative learning, 
interactive instruction, guidance and feedback, and rewards. The elements identi-
fied in this review have been empirically proven to be effective in promoting student 
engagement and task performance. An understanding of the mechanisms of these 
elements provides insights for medical teachers into how to venture into persuasive 
gamification in the PBL context.

Gamification is usually based on a real-world simulation (Kapp, 2012). Through gami-
fication, the complexity of a real scenario (e.g. a sick patient with many complaints pre-
sented to casualty and was attached to all kinds of medical devices) can be replicated for 
the learning process. These involve setting up a complex backdrop and platform to pro-
duce high-quality, engaging and fun simulation medical games. However, the effective-
ness of gamification depends on how much the game can precisely abstract the reality 
and use broad generalisations to represent these scenarios (Yunyongying, 2014). Simula-
tion is an important component of persuasive gamified PBL as it can improve student 
learning experience and outcomes. In this review, the use of high-fidelity simulations 
is important for modelling every interaction as authentically as possible. For instance, 
using a real clinical scenario would result in a meaningful clinical experience for the 
students, as they can be exposed to the simulation of a workplace learning environ-
ment (Kneebone et  al., 2005). This element aligns with Azer et  al. (2012), who stated 
that a clinical PBL scenario should reflect the actual practice and common cases in the 
community. Giving the proximity of the learning experience to the reality of the clini-
cal environment, high-fidelity simulation in PBL provides students with opportunity to 
appreciate the learning context, critically think and make judgement to the problems 
given in the triggers. This learning experience would result in the development of learn-
ers competency—which is an element of SDT—namely clinical reasoning and applica-
tion of theories in clinical context (Presado et al., 2018).

Role-playing games are another example of a high-fidelity simulated element that can 
be incorporated into PBL because they allow the student to produce situations that they 
are expected to encounter in their career. This element aligns with Wood et al. (2015), 
who recommended the use of role-play to enhance students’ information gathering and 
deepen the understanding of patients’ ideas, concerns and expectations. Chan (2012) 
who investigated simulated role-play activity in PBL class among first-year nursing stu-
dents observed that the students constructed their knowledge during preparation and 
execution phases of the role-plays. The students also demonstrated a high level of par-
ticipation, showed commitment to self-directed learning and had high motivation for 
future learning. This element aligns with Wood et al. (2015), who recommended the use 
of role-play to enhance students’ information gathering and deepen the understanding 
of patients’ ideas, concerns and expectations. Role-play can also instil empathy in stu-
dents, which eventually helps them develop their doctor–patient communication skills 
(Lane & Rollnick, 2007). Moreover, through PBL simulation, a critical clinical situation 
can be simulated in a controlled environment, which eventually improves students’ con-
fidence in dealing with such cases in the future (Liaw et al., 2010). During a role-play in 
a PBL session, hands-on active learning activities, such as conducting procedural skills 
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on a manikin or performing physical examination on peers, can be implemented (Nestel 
et al., 2011). For example, Koh et al. (2010) investigated engineering students learning 
outcomes by utilising a three-dimensional (3D) simulation in problem-based learning 
environment that closely resembles the authentic physical system. It was noted from this 
study that students who were exposed to the 3D simulation-based environment outper-
formed their friends who were exposed to other types of learning modalities. The 3D 
simulation enabled the students to explore situations that would have been unattainable 
or too risky in the real context because they perceived it as being safe to learn. Apart 
from providing a psychologically safe learning environment, simulation also provides 
adequate autonomy for the student to explore new knowledge, as it provides variety of 
option for them to approach in solving the case (Menahem & Paget, 1990). Students 
will have autonomy in learning if they execute the learning task of their own will and 
have many learning options during the learning process. Hence, designing a high-fidelity 
environment would support the development of learning autonomy and intrinsic moti-
vation to learn, which are two important elements of SDT (Stefanou et al., 2013).

The second theme, inquisitive exploration, is a group of elements that stimulate curi-
osity in learning and provide positive learning environment. The effectiveness of case 
scenarios in PBL on students’ inquisitive exploration could be materialised when stu-
dents have successfully bridged the gap of knowledge needed to solve a problem. For 
instance, Loh and Lim (2021) investigated the effectiveness of an authentic PBL (APBL) 
based on the uncertainty level and learning satisfaction of engineering students studying 
physics. In this study, the APBL was designed to incorporate elements of uncertainty 
into well-crafted ill-defined real-world problems. The uncertainty in APBL originated 
from the lack of knowledge because they are not exposed to the input before the PBL 
sessions. The element of uncertainty in the APBL acts as a catalyst to provoke real learn-
ing by stimulating the students to assess what they know and what they do not know. 
They were also challenged on how to fill the gap of knowledge uncertainty to construct 
new meaningful knowledge. This study documented that the student uncertainty level 
was high at the beginning of APBL and reduced at the end of APBL sessions. This result 
indicates that in the initial phase of APBL, the students had high intensity in exploring 
knowledge gaps. However, towards the end of the APBL, the knowledge gap had been 
filled successfully, thus significantly reducing uncertainty scores. From the student point 
of view, uncertainty—which is an element of inquisitive exploration—could be stimu-
lated using keywords, real-problem orientation of scenario, appropriate length of cases, 
encouraging criticality, self-directed problem-solving, stimulate elaboration process, 
provide suitable clue words, acceptable difficulty level, promote application of knowl-
edge and finally promote teamwork spirit (Sockalingam & Schmidt, 2011). Therefore, 
carefully drafted PBL scenarios that incorporate gamify elements are important to reveal 
gaps of knowledge that allow students to advance their learning through inquisitive 
exploration.

Besides that, inquisitive exploration could be enhanced by adding elements of ran-
domness in selecting a task. For instance, once the students understand the content 
problems discussed in the PBL session, the identified learning issues can be converted 
to quizzes, which can be randomly given to students to enforce their understanding. The 
randomness in giving quizzes can also create uncertainty that evokes suspense, which 
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is considered a core element in a well-designed game (Shute & Ke, 2012). A study by 
Parmelee and Hudes (2012), which explored the learning impact of team-based learning, 
reported that quiz modality resulted in a positive learning experience and increased the 
critical thinking skills of the students. In addition, quizzes that were developed accord-
ing to learning objectives would be able to direct the students’ focus on the important 
and relevant learning context in a fun and competitive manner. It was argued that the 
role of quiz modality must not be limited to students’ knowledge assessment, but it 
should be used as another platform for introducing different clinical scenarios in PBL 
session (Wood et al., 2015). Likewise, inquisitive exploration through quiz modality pro-
vides autonomy to explore the problems using multimodal options and cues and thus 
promotes the development of learning competence and intrinsic motivation to learn.

The third theme, collaborative learning, is important because it ensures a supportive 
learning environment in a PBL and triggers the feeling of relatedness among the group 
members (Honkala et al., 2015). Collaborative learning in PBL involves cooperative work 
among students in solving ill-defined problems and can be enforced through implement-
ing competitive elements. Indeed, collaborative learning instils the feeling of relatedness 
among students, which has a positive impact on students’ intrinsic motivation (Sheldon 
& Filak, 2008). Providing an equal chance for student to actively participate in the dis-
cussion can stimulate the feeling of relatedness—which is an element of SDT—and thus 
leads to the formation of social integration among them. If the students are socially inte-
grated in the academic environment, their commitment towards academic increases, 
making them less likely to voluntarily drop out of the learning process (Tinto, 1975).

Lei et al. (2016) who investigated the effect of team-based competition during prob-
lem- and case-based learning among 71 medical students reported that students’ partici-
pation in discussion, initiative to answer questions and ability to challenge or analysing 
other student’s answers were significantly higher than those in classroom-based ses-
sion. A study by Gutiérrez (2012) that utilised competitive learning environment in a 
PBL session attended by 60 first-year chemical engineering reported positive students’ 
self-perception on their ability to perform better and achieve personal and group ben-
efits. In addition, Gutiérrez (2012) also identified factors that contributed to “healthy” or 
non-harmful competition, namely aiming for group achievement, focussing on learning 
process, execution of short session, selecting of wide range of topic, providing of equal 
chance to win, balancing workload and adapting communication and group work skills. 
These studies show that competitive elements used in PBL promote students to be a self-
directed learner and equip them with competence to work collaboratively.

Learning through PBL can also be enhanced with the use of interactive learning tools 
that incorporates elements of gamification. Giving the facts that students are exposed 
to varieties of learning options when using the interactive learning tools, this form of 
modality provides students with autonomy to decide and choose the best way to inter-
act during the PBL discussion interesting manner (Elmunsyah et  al., 2019). Accord-
ing to Kapp (2013), there are two types of gamification: structural gamification and 
content gamification. In structural gamification, elements such as badges, points and 
leader boards are used to gamify the learning process, but the learning content remains 
ungamified, while in content gamification, the content is gamified by using narrated 
stories and plot lines. In fact, narrative is listed as the tenth element in Marczewski’s 
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Periodic Table of Gamification Elements (Marczewski, 2017). Although a narrative is 
an important element in gamification, it is underutilised for the enhancement of adult 
learning (Kapp, 2013). Our review found that it is important to have interactive instruc-
tion that focuses on the use of narrated elements to produce engaging learning mate-
rial in PBL sessions. For instance, using a single-story narration with a combination of 
unique characters in a PBL case scenario resulted in high-quality stories (McKee, 1997). 
A narrated type of case scenario in PBL could enhance students’ inner motivation to 
understand the stories further (Graesser & Ottati, 2014). Students also perceived that 
the narrative-centric case in PBL had helped them clarify abstract concepts and aided 
the long-term retention of knowledge (Fischer, 2019).

Moreover, providing a structured instruction to students is pertinent in stimulating 
their sense of responsibility and feeling of being competent during a PBL session (Sier-
ens et al., 2009). Azer et al. (2012) added that a case scenario must not only tell a story, 
but its design should include educational principles that encourage the development of 
higher-level cognitive competency, namely hypothesis making, peer discussion, clinical 
and critical reasoning, and knowledge retention. Further, ignoring audio-visual elements 
such as images and recorded audio or video in creating a gamified educational environ-
ment might reduce players’ overall experience. A rich audio-visual environment might 
add to the immersive experience of learners. The visual element adds to the overall story 
of a game and can enhance the learners’ learning focus (Toda et al., 2019a). However, 
many gamification practitioners overlook this vital element, thus causing the experience 
to be less engaging and compelling. Similarly, most of the case scenarios in PBL are still 
in the form of a text format with a lack of visual image and audio input, which may not 
realistically imitate the problem-solving scenario in a clinical environment (Barrows, 
1994). Blending an audio-visual modality in the PBL case trigger may enhance students’ 
observation skills, giving them an idea of the severity of the patient’s condition and ena-
bling them to discover any contributing factors to the patient’s condition (Azer, 2007). 
Chan et al. (2010) explored the use of video recording as an image trigger in PBL cases, 
whereby this video recording preserved the original language, promoted active extrac-
tion of information and allowed the direct observation of a clinical consultation. Their 
study showed that video recording triggers improved students’ observational and clinical 
reasoning skills, stimulated students’ ability to integrate information and increased stu-
dents’ motivation to learn in the PBL session.

Additionally, providing feedback is also important for facilitating students’ learning 
in PBL. Providing continuous constructive feedback on students’ performance during 
a PBL session does not only improve students’ task performance, but it could positively 
affect students’ competence and motivation (García et  al., 2019; Sierens et  al., 2009). 
However, to achieve the desired outcome, the feedback should be directed towards stu-
dents’ gap of knowledge rather than the grades, non-threatening, and able to provide 
suggestions for future improvement (Hattie & Timperley, 2007). Another aspect that 
can influence students’ competence is the introduction of reward system in the PBL. 
Although reward system is a form of external motivation, ironically it has been proven 
to instil interest and sense of being capable to solve similar task or problems among stu-
dents (Cameron et al., 2005).
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In addition, a PBL tutor should also provide resource guidance during the learning 
process. Majority of students depend heavily on the Internet for information search-
ing whenever they are given a task to solve. However, looking at web-based informa-
tion diversity, a tutor must guide the students in selecting appropriate and reliable 
learning resources. Wood et al. (2015) reported various ways of providing resource 
guidance to students, namely by giving a portfolio of additional resource material 
such as video- or audio-recorded lectures, interactive questions related to the topic 
discussed and free institutional access to online databases (Wood et  al., 2015). In 
addition, the institution’s learning management system (LMS) should be utilised to 
manage the resources and enable the students to keep track of the learning, even 
after the PBL session has ended (Azer, 2011).

Likewise, feedback is essential to ensure that students are made aware of their 
knowledge gap, which drives them to work continuously on achieving favourable 
improvement (Bernstein et al., 1995). In a gamification environment, players usually 
receive feedback on their progress towards winning the competition. Aligned with 
our review findings, any feedback in a gamification environment should be immedi-
ate and continuous (Dicheva et al., 2015; Kapp, 2012). The immediacy and continu-
ity of feedback could influence how students internalise and respond to feedback 
(Fajfar et al., 2012). Hence, feedback related to the gamification environment should 
also be constant throughout the learning process (Kapp, 2012). In our study context, 
instant feedback is achieved by having a real-time interactive discussion board dur-
ing the PBL sessions, aligning with Bartnik and Ćwil (2017), who studied the use of 
feedback through an interactive society portal discussion board on subjects motiva-
tion. The researchers discovered that subjects who received continuous and timely 
feedback had significantly improved motivation and engagement compared to the 
control group, which only received financial incentives without continuous feed-
back. It was postulated that immediate timely feedback given through an interac-
tive discussion board during the learning process imposes less cognitive load on the 
learners, as the feedback was delivered in a fun and non-threatening manner (Yusoff 
et al., 2014). Moreover, this method effectively promoted a thorough exploration of 
the learning issues that arose during the discussion (Ronteltap, 2006). Nevertheless, 
feedback should be multidimensional, meaning that tutors should also provide feed-
back to students during and after each PBL session. Feedback from a teacher—as 
someone that is regarded as an expert by students—is essential because it can pro-
vide a feeling of reassurance to the students that they are being supported in learn-
ing (Hadie et al., 2018).

Another persuasive element identified in this review is providing rewards to stu-
dents as an appreciation for their effort in performing the task and encouragement 
for their achievement in completing the required task. In the context of gamifica-
tion, this can be done by converting the grading system from traditional marking 
to a point-based and level-based credentialing system (Cheville, 2016). Fotaris et al. 
(2016) reported that interactive platforms such as Kahoot!, “Who Wants to Be a Mil-
lionaire” and Codecademy also reward their students with achievement credential 
rather than traditional marking. However, as this form of reward is a source of extrin-
sic motivation, it should be counterbalanced with intrinsic motivation by stimulating 
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students’ interest and sense of responsibility to learn (Muntean, 2011; Viola, 2011). In 
general, providing rewards, guidance and feedback during a learning process triggers 
the sense of competence among students, which is aligned with the SDT elements.

Conclusion
This review identified the essential persuasive gamify elements for effective PBL in 
higher education. Effective persuasive gamify elements for effective PBL in higher 
education were clustered into six main themes: (1) high-fidelity simulation, (2) inquis-
itive exploration, (3) collaborative learning, (4) interactive instruction, (5) guidance 
and feedback, and (6) rewards. All elements must coexist to achieve the desired learn-
ing outcomes. It is essential to apply these gamify elements to augment the learn-
ing experience in PBL session. For examples, exposing the students with an authentic 
simulated learning activity can cultivate critical and creative thinking skills and 
stimulate self-directed learning. Consequently, the students would become familiar-
ised with workplace environment and thus develop competencies required in work-
place learning. In addition, working cooperatively in a competitive environment can 
improve their professional communication skills and teamwork. These lifelong learn-
ing skills would equip the students to face future workplace challenges.
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