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Abstract
Background: Although gami�cation increases user engagement, its effectiveness in point-of-care
ultrasound training may yet to be fully established. This study was conducted with the primary outcome
of evaluating its effectiveness in point-of-care ultrasound training workshop as compared to conventional
face-to-face learning.

Methods: Participants (who were junior doctors between 2 – 4 years of clinical experience) were
randomized into either the (1) gami�cation or the (2) face-to-face learning arms. Similar educational
intervention was implemented to participants in both arms but the in-gami�cation arm, the theory
assessment was administered in the form of live quizzes with real time leaderboards, and the practical
assessment was administered in the form of 3 games, i.e., ultrasound mine�eld, ultrasound pong and
ultrasound game. Pre-test, post-test and 2 months post-training theory and practical assessments were
conducted.

Results: A total 32 junior doctors participated in this study (16 participants in each arm). For theory
assessment, paired student’s t-test showed signi�cant improvement in both face-to-face learning (pre-test
score: 12.38 vs post-test score: 19.88; 95% CI [5.35, 9.65] p < 0.001) and gami�cation arms (pre-test
score: 13.38 vs post-test score: 20.81; 95% CI [5.93, 8.94] p < 0.001). For the practical assessment, paired
student’s t-test showed signi�cant improvement in gami�cation arm (pre-test score: 12.56 vs post-test
score: 18.13; 95% CI [2.44, 8.69] p<0.001) but not the in the face-to-face learning arm (pre-test score:
16.00 vs post-test score: 18.38; 95% CI [-0.17, 4.92] p<0.065). When re-tested 2 months post-training, both
face-to-face learning and gami�cation arms showed signi�cant improvement for both theory and
practical assessment.

Conclusions: Gami�cation approach could be an effective alternative or more effective than face-to-face
learning in point-of-care ultrasound training.

Introduction
Point-of-care ultrasound (POCUS) is a vital diagnostic and therapeutic intervention in acute patient care
[1]. The Rapid Ultrasound for Shock and Hypotension (RUSH) protocol, for example, can be used to
determine the appropriate interventions for patients with undifferentiated shock [2]. POCUS training has
since evolved to be a core competency curriculum as outlined in the American College of Emergency
Physicians (ACEP) Ultrasound Guidelines [1]. Nonetheless, the most appropriate pedagogy to achieve the
learning outcomes for POCUS training may remain unclear [3].

Previous POCUS pedagogy using conventional apprentice-based model (‘see one, do one, teach one
approach’) is gradually being phased out as the default pedagogy [4]. Such conventional strategy usually
comprises of a mix of instructor-centered didactic classroom lectures with hands-on training sessions [4].
This approach, however, is rather passive as it does not truly engage the learners. It may preclude critical
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thinking in decision making, which essentially, is a key component as clinician needs to be able to
integrate real-time ultrasound �ndings in patient management.

Gami�cation is de�ned as “the use of game design elements in non-game context” [5]. Gami�ed
pedagogy injects the element of fun through the use of game components such as the points, badges,
leader boards [6]. An example of innovative gami�ed pedagogy in emergency medicine (EM) is known as
the SonoGames initiatives, introduced in 2012 in the annual Society for Academic Emergency Medicine
(SAEM) conference. This was an annual 4-hour game-style platform aimed to assess the EM residents’
knowledge, skills and decision-making while promoting the development of teamwork and peer
communication [7]. Another example of POCUS competition was called the “Sono-Witcher Wild Hunt” [8].
It was organized by the Emergency Medicine Association of Turkey Ultrasound Working Group (EMATUS)
during the 9th Asian Conference on Emergency Medicine (ACEM) in November 2017 [8].

Although gami�cation has been shown to improve user engagement, focus, motivation as well as
productivity and knowledge retention [9, 10], there is a paucity of comparison done with a control group to
objectively determine its effectiveness in the teaching and learning of POCUS. Hence, the effectiveness of
gami�cation in POCUS training may not be fully explored. To �ll this gap, we embarked on a study with
the primary outcome of evaluating the effectiveness of the gami�cation approach in POCUS training for
junior doctors compared to the conventional face-to-face learning (F2FL). It is hypothesized that the
gami�cation approach is as effective as or more effective than the conventional F2FL approach. The
secondary outcomes of this study are 1) to assess the overall retention of junior doctors in POCUS
education 2 months post-training and 2) to assess the participants’ perception of the overall gami�cation
experience.

Method

Study Design And Setting
This study was a prospective randomised controlled trial conducted from May to November 2018 in the
Emergency and Trauma Department (ETD) of Sarawak General Hospital (SGH), Malaysia to compare the
gami�cation approach versus F2FL approach for POCUS training using the RUSH protocol. In this study,
we also included an assessment of the participants’ perception towards the gami�cation approach in
POCUS training. This study was approved by the Medical Research and Ethics Committee (MREC)
Malaysia and was registered with the National Medical Research Register (NMRR-18-444-40348). As this
study was conducted as an actual POCUS training workshop, the number of participants was limited by
resource availability. Hence, a convenient sampling of 32 participants (16 participants in each arm) were
recruited.

Study Population
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The study population comprised of junior doctors working in the ETD SGH, Sarawak Heart Center and the
Internal Medicine Department of SGH. We de�ned a ‘junior doctor’ as a doctor with at least 2 years of but
no more than four years’ experience of clinical service. The reason for selecting doctors with 2 to 4 years
of clinical experience was because this group of doctors would have completed their compulsory two-
year internship program and would likely have developed su�cient clinical exposure to be able to
critically understand the course content of POCUS training and the utilization of POCUS in clinical
decision making.

Any junior doctor who had participated before in any formal POCUS training was excluded. Informed
consent was obtained from all participants before commencing this study. All participants joined this free
POCUS training on a voluntary basis without any payment or monetary compensation.

Materials
The topics for this POCUS training workshop were based on the requirements of the original RUSH
protocol and adopted from the World Interactive Network Focused on Critical Ultrasound (WINFOCUS)
Malaysia’s Basic Ultrasound Life Support Course (USLS BLS) as well as from the emergency ultrasound
training from a post-graduate emergency medicine training program in Malaysia (i.e., the Universiti
Malaya Emergency Medicine postgraduate curriculum). All materials were internally validated via a
modi�ed Delphi technique to attain consensus by a panel of experts in emergency medicine.

Study Procedure
This study was divided into two stages: 1) identifying learning materials and development of assessment
questions using the modi�ed Delphi method and 2) recruitment, randomization and implementation of
interventions. In the �rst stage, the discussions were carried out with the experts in three rounds. Most of
the discussion was carried out via e-mail and online group dialogues as the authors were based in
different locations in Malaysia. The �rst round of discussions focused on identifying the main objectives
and probable contents of the workshop. In the second round of discussion, the list of probable topics was
distributed by email to the experts for review and to reach a consensus on the suitability of the topics. In
the �nal round of discussions, the shortlisted topics were divided and assigned to the speci�c panel of
experts for teaching as well as for preparation for the assessment questions. This assessment consists
of two sections: (1) 30 one-best answer (OBA) type of multiple-choice questions (for theory assessment),
and (2) one objective structured clinical examination (OSCE) question (for practical assessment). The
questions were then vetted, revised, �nalized and agreed upon by the experts.

In the second stage of study, participant recruitment, randomization and implementation of educational
intervention were conducted. Thirty-two participants were randomized to either the gami�cation or F2FL.
The participants in the gami�cation arm were further randomized into groups of 4 participants.
Randomization processes were performed using an online random number generator.
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On the �rst day of the course, all participants are required to complete a pre-test knowledge (30 one-best
answer type of multiple-choice questions) and practical skills assessment test. The practical skills
assessment was conducted in the format of one objective structured clinical examination (OSCE)
question and assessed by three independent emergency physicians who were blinded to the participants’
study arms. This process was repeated during the end of the course on the following day as the post-test
knowledge and skills assessment. To assess the participants’ retention of knowledge and skills, the
theory and practical assessment was repeated two months after completion of the course. We chose a
time gap of 2 months based on a previous study which shows that knowledge retention after an
educational intervention was approximately 55 days or less [11].

In addition, participants from the gami�cation arm also completed a gami�cation experience survey
(adapted from Lobo et al, 2017) [4] aimed to assess the participant’s perception of the different
components of gami�cation using a Likert scale. The schedule for POCUS training workshop using RUSH
protocol for both gami�cation and F2FL groups is given in Supplementary Table 1.

With regards to theory assessment, in the F2FL arm, a written OBA questions paper was distributed for
students to answer. Answers were discussed at the end of the day. The questions were marked
individually. In the gami�cation arm, instead of an individual written theory paper (OBA), live quizzes were
implemented. There were 4 teams with 4 participants in each team. Gami�cation mechanics and
elements used were the points, badges, leader boards, teamwork, competition, immediate real-time
feedback, challenges with set objectives, chance, turns, rules, scaffolded learning with optional increasing
challenges, a sense of progression and presence of social dynamics and interaction [12]. In this study,
each team began at level one with zero experience points (XP) and required XP to progress to the next
level. XP points are gained through live quizzes interspersed between lecture modules by answering
correctly the questions. Real-time leader boards were used to monitor the progression of teams (Fig. 1A).
Virtual badges were rewarded based on progression. Each team had a chance to answer the quiz and
discussed amongst the team members. The quiz was presented using a Jeopardy-style game show
format using FlipQuiz™ technology (Fig. 1B) whereby teams are able to pick the level of di�culty of
questions with different points allocated. If any team were unable to answer the question, another team
was given a chance to answer but would only obtain half of the awarded points if answered correctly.
Feedback for the correct answers was given immediately to all teams. There was no negative marking in
all quizzes.

For the practical assessment in the F2FL arm, case-based assessment (in OSCE format) was carried out
individually to every participant. In the gami�cation arm, the ultrasound games were played as team
activities with similar marks awarded to the all team members. The psychomotor skill objectives covered
in the hands-on practical sessions and the corresponding gami�ed versions for participants in the
gami�cation arm are given in Table 1. At the end of the course, the team with the highest score won a
reward. All the quantitative data was analyzed using IBM Statistical Package for the Social Sciences
(SPSS) v23 for Windows.
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Results
A total of 32 junior doctors participated in this study with 16 participants randomized to each arm. One
participant was subsequently dropped out from the study during the 2-month post-retention assessments
due to work commitment. The median age was almost similar at 27 and 27.5 years old in the
gami�cation arm and F2FL arm respectively. The detailed demographics and characteristics of the
participants are detailed in Table 2.

Parametric test was used for analyses as the assumptions of normality were satis�ed. Analysis with
paired student’s t-test demonstrated that there was statistically signi�cant improvement in the post-test
(as compared to the pre-test) in the knowledge score in both gami�cation and F2FL arms. With regards to
the practical skill component, the post-test score was statistically higher compared to the pre-test score in
the gami�cation arm only, but not for the F2FL group (Table 3). When re-tested 2 months later, all
participants showed signi�cant improvement in both knowledge and skills irrespective of whether they
were from the F2FL group or the gami�cation group (see Table 4 for details).

A subgroup analysis of the participants’ perception towards the gami�cation experience survey was also
performed using a Likert scale of 1 to 5. This subgroup analysis was divided into three components
related to gami�cation, i.e., “engagement”, “perceived knowledge and learning bene�t” and “game
elements and mechanics”. Overall, the responders demonstrated positive perceptions to the various
aspects of gami�cations like better engagement and motivation, increased in self-perceived knowledge
and learning bene�ts and enjoyable gaming elements and mechanics (teamwork, competition, points,
badges, leader board, immediate feedback, rewards) introduced throughout the course. One particular
game which stood out compared to other types of games was the ultrasound hands-on games. All the
participants in the gami�cation arm (n = 16, 100%) concordantly agreed that the hands-on ultrasound
games were enjoyable during the course, and probably the most likable game mechanic introduced in the
gami�cation group. The detailed responses of the participants gami�cation experience are shown in
Table 5.
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Table 1

Psychomotor
objective

  Gami�ed version

1. To select and
adjust for
appropriate
settings such as
the gain and
depth on the
ultrasound
machine

⇒ Ultrasound mine�eld:
The main aim of the game was to be able to acquire the image and
correctly calculate the number of water balloons hidden in a gelatin-�lled
container. The fastest team and closest to the correct number of water
balloons would earn the highest points. This tested the participant's
psychomotor skills, selection of ultrasound probes and settings and
teamwork (see Fig. 1C and 1D)

2. To perform
and obtain
correct
sonographic
images of
different body
parts and organ
systems;

⇒ Ultrasound pong:
Labelled ping pong balls with written anatomy are placed in a bowl.
Participants from each team are then required to randomly pick one and
demonstrate the anatomy of the simulated patient. The main aim of the
game is to be able to demonstrate the image of the anatomy being
randomly chosen by chance. Each team member in the team of four would
take turns, with points gained for every correct answer.

3. To perform a
bedside POCUS
based on a case
scenario using
simulated
patients

⇒ Ultrasound game:
Each team was given different simulated case scenarios and required to
correctly give their assessment for the patient using the RUSH protocol.
After assessing the simulated patient, participants were required to
interpret the video clip leading to the diagnosis and management of the
critically ill patient. Points are given for adequate view, correct ultrasound
interpretation, diagnosis and management for each team.
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Table 2
Baseline characteristic of participants in the two study groups

Variable F2FL Group
(N = 16)

Gami�cation Group
(N = 16)

Age (Years)    

Mean 27; S.D. +/- 1.5 27.5 S.D. +/- 1.0

Sex – No (%)    

Male 5 (31.2) 6 (37.5)

Female 11 (68.8) 10 (62.5)

Year of Service – No. (%)    

Second 4 (25) 4 (25)

Third 11 (68.8) 11 (68.8)

Fourth 1 (6.2) 1 (6.2)

Current Department – n (%)    

ETD, SGH 7 (43.75) 6 (37.5)

ETD, Sarawak Heart Centre 2 (12.5) 3 (18.75)

Medical Department, SGH 7 (43.75) 7 (43.75)

Prior Experience with the use of POCUS – n (%)    

No prior experience to formal ultrasound training 4 (25) 3 (18.8)

Minimal experience with ultrasound
(Ability to turn on the machine and locate liver)

2 (12.5) 4 (25)

Intermediate experience
(Perform basic ultrasound applications like FAST)

10 (62.5) 9 (56.2)

Number of ultrasounds perform weekly – n (%)    

None 1 (6.25) 2 (12.5)

1–5 9 (56.25) 6 (37.5)

6–10 0 4 (25)

11–15 3 (18.75) 2 (12.5)

More than 15 3 (18.75) 2 (12.5)

ETD: Emergency and Trauma Department, SGH: Sarawak General Hospital, POCUS: point-of-care
ultrasound, FAST: focused assessment in sonography for trauma.
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Table 3
Paired t-test to study the difference between pre- and post-test knowledge, skills and

total scores for face-to-face and gami�cation groups.

  Group Pre-Test Post-Test Paired T-Test

Mean Mean

Knowledge Scores F2FL 12.38 19.88 p < 0.001
95% CI [5.35, 9.65]

Gami�cation 13.38 20.81 p < 0.001
95% CI [5.93, 8.94]

Skills Score F2FL 16 18.38 p = 0.065
95% CI [-0.17, 4.92]

Gami�cation 12.56 18.13 p < 0.001
95% CI [2.44, 8.69]

F2F – face-to-face learning, CI: Con�dence Interval

Table 4
Paired t-test to study the difference between pre- and 2 months post-test knowledge, skills and

total scores for face-to-face and gami�cation groups.

  Group Pre-Test 3 months Post-Test Paired T-Test

Mean Mean

Knowledge Scores F2FL 12.60 19.87 p = 0.03
95% CI [5.05, 9.48]

Gami�cation 13.37 20.69 p < 0.001
95% CI [5.76, 8.86]

Skills Score F2FL 16.53 20.27 P = 0.01
95% CI [1.24, 6.62]

Gami�cation 12.56 20.44 p < 0.001
95% CI [4.86, 10.89]
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Table 5
Participants Responses to Gami�cation Experience Survey

No Item Mean Likert Scale Response (N, Percentage – (%))

Strongly
Disagree

Disagree Neutral Agree Strongly
Agree

1 I feel motivated when
participating in this course
using the gami�cation
approach

4.88 0 0 0 2
(12.5)

14
(87.5)

2 I feel that time passed by
quickly during this course

4.88 0 0 0 2
(12.5)

14
(87.5)

3 Overall, I am satis�ed with the
overall content of delivery of
the course

4.88 0 0 0 2
(12.5)

14
(87.5)

4 I believe that my knowledge
of ultrasound improved over
the course

4.94 0 0 0 1
(6.3)

15
(93.8)

5 I �nd that my ability to
acquire images improved over
the course

4.88 0 0 0 4 (25) 12 (75)

6 I am more con�dent in
interpreting ultrasound
images

4.62 0 0 0 6
(37.5)

10
(62.5)

7 I believe I can make clinical
decisions better with the use
of ultrasound after the course

4.75 0 0 0 4 (25) 12 (75)

8 I believe that the friendly
competition helped me to
retain more information from
this 2-day course.

4.94 0 0 0 1
(6.3)

15
(93.8)

9 I enjoyed working with a
teammate throughout the
course

4.75 0 0 0 4 (25) 12 (75)

10 Group competition and
workshop helped me to get to
know my colleagues better

4.88 0 0 0 2
(12.5)

14
(87.5)

Note:
Items 1 to 3 represents perception of the engagement component.

Items 4 to 8 represents perception of perceived knowledge and learning bene�t in the gami�cation
approach.

Items 9 to 17 represents perception of game elements and game mechanics.
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No Item Mean Likert Scale Response (N, Percentage – (%))

Strongly
Disagree

Disagree Neutral Agree Strongly
Agree

11 I am satis�ed with the team
seating arrangement of the
course

4.69 0 0 0 5
(31.3)

11
(68.8)

12 The points system motivated
me throughout the course

4.69 0 0 0 5
(31.3)

11
(68.8)

13 The leader board system
motivated me throughout the
course

4.69 0 0 0 5
(31.3)

11
(68.8)

14 A sense of competition
motivated me during the
course

4.88 0 0 0 2
(12.5)

14
(87.5)

15 I believe that immediate
feedback from the quiz was
helpful

4.81 0 0 0 3
(18.8)

13
(81.3)

16 The hands-on ultrasound
games were enjoyable

5.0 0 0 0 0 5
(100)

17 The presence of rewards
motivated me through the
course

4.56 0 0 0 7
(43.8)

9
(56.3)

Note:
Items 1 to 3 represents perception of the engagement component.

Items 4 to 8 represents perception of perceived knowledge and learning bene�t in the gami�cation
approach.

Items 9 to 17 represents perception of game elements and game mechanics.

Discussion
The results from this study suggest that gami�cation approach in POCUS training may be as good as or
even better than F2FL. This is evidenced by a statistically signi�cant improvement in the practical skill
component from pre- to post-test in the gami�cation arm but not the F2FL arm (besides the signi�cant
improvement in knowledge and total scores for both groups). We also found that the retention of POCUS
knowledge and skills in the junior doctors two months after completion of the initial course in both arms
was good.

Participants from the gami�cation arm responded favorably towards the game elements (points, leader
boards, fun, teamwork, competition and immediate real-time feedback) and game mechanics (quiz-based
format and level up progression via points, the added sense of enjoyability) in the gami�ed approach
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towards POCUS training. More importantly, all participants in the gami�cation arm either “agreed”
(12.5%) or “strongly agreed” (87.5%) that they felt motivated when participating in the gami�ed approach.
The motivation, interaction and fun elements were important to fully engage the participants in their
learning processes.

Flow is a concept describing the experience people enjoys so much to the extent that their attention and
focus is fully vested into the task at hand [13]. It is called “�ow” because metaphorically, this is akin to
someone being drifted effortlessly in the �ow of water current without being aware of the passage of
time or the fatigue feelings that he or she may have. In this regard, all participants either agreed (12.5%)
or strongly agreed (87.5%) “…. that time passed by quickly during this course”. The state of �ow can be
seen in the pursuit of varied types of games [14, 15]. According to Csikszentmihalyi et al (2014) [13], three
key conditions need to be ful�lled in order to achieve the engaging �ow experience. First, there should be
a clear set of goals to provide the trajectory and purposes of the activities. In this regard, the three
ultrasound games have clear goals for the participants to achieve, i.e., acquiring the image and correctly
calculate the number of water balloons hidden in a gelatin-�lled container (in “ultrasound mine�eld”),
demonstrating the image of the anatomy required as dictated in the ping-pong ball (in “ultrasound pong”)
and competently performing POCUS assessment using the RUSH protocol in a simulated case scenario
(in “ultrasound game”). Second, there should be a balance between the perceived challenges and
perceived skills. When the perceived challenges and perceived skills are well matched, the attention is
completely absorbed. When the perceived challenges begin to exceed the perceived skills, anxiety may set
in. On the other hand, when the perceived skills exceed the perceived challenges, one may sink into
boredom. In this regard, the game mechanics (the level up progression of the three ultrasound games
tailored with increasing di�culty levels) sets to ensure that the participants have obtained the skills
necessary in one level before progresses to the more challenging level (see Fig. 2 for an illustration of this
concept). Third, clear and immediate feedback should be given, including both positive performance
feedback and negative performance feedback. In this regard, the game elements (such as the points,
leader board and immediate comments from examiners) provide the immediate feedback to the
participants. In fact, 18.8% of participants agreed, and another 81.3% strongly agreed with the statement
“I believe that immediate feedback from the quiz was helpful”.

Besides that, 75% of the participants strongly agreed that they enjoyed working with a teammate and
87.5% of them believed that the group competition helped to better acquaint themselves with their fellow
colleagues. These 2 traits, i.e., teamwork and effective communication are essential in clinical
management in the emergency department to deliver optimal health care. In fact, as alluded by Bandura
(2001) in his social cognitive theory, optimal learning takes place in a social context, when participants
learn and imitate from one another through the various social interactions, teamworking and
communication [16]. The World Health Organization (WHO) has accordingly also stressed on the
importance in effective teamwork in the health care environment, as it is closely linked to reducing
adverse events due to miscommunication and misunderstanding among teams caring for the patients
[17].
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This study, however, is subjected to several limitations. First, the sample size is relatively small. This
decreases the power of the study and increases the risk of Type II errors. Furthermore, this study only
included junior doctors from a single center. Inviting doctors of different competency level and from
different centers in Malaysia to participate in such study would be more representative of a wider
population and, therefore, bolster a stronger basis for consequent generalization of �ndings. Next, we
could not exclude the possibility of the Hawthorne effect among the participants, as they were well aware
that they were under evaluation in the research study to assess the effectiveness of gami�cation, thus
may lead to a biased outcome. Besides that, the way the assessment was conducted also differed
between the two arms. In the gami�cation arm, the scoring done was basically a team scoring, whereas
in the F2FL arm, the scoring was �rst done individually before the scores being summed up as a group.
And although both arms have equal participants from almost similar working experience and
backgrounds, there may be other confounding factors in play that may in�uence the study (such as the
participant’s prior ultrasound knowledge and skills learned during their undergraduate studies). Moreover,
the participants from both arms were combined in the lectures and pre-assessment skills training
sessions. This might have a cross-contamination effect on the post-test performance through their
interactions and discussions. Another confounding factor was prior to the post-retention test two months
after the initial course, the participants could have read up more and attended other training workshops
on ultrasound before the 2-month repeat assessment.

Future studies could look into the application of digital technology in streamlining game elements such
as points, badges, live leader boards, avatars and virtual rewards and game mechanics like quizzes with
immediate feedback and video clips, into a mobile app and integrating the use of social media into a
gami�ed course.

Conclusion
This study shows that gami�cation approach could be an effective alternative or more effective than
F2FL in POCUS training, particular in the skill training. The incorporation of gami�cation into POCUS
training with the use of the RUSH protocol can potentially serve as an engaging and enjoyable platform
to deliver ultrasound education for junior doctors, which we hope, would translate into better patient care
and safety.
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Figure 1

Examples of some of the game mechanics used in the CRUSH Games. A. The real-time live leader boards
displayed during the course re�ecting each team’s progression, level and scoring in the gami�cation arm
B. A sample quiz question from the FlipQuizTM platform. C. Ultrasound Mine�eld: Water balloons in a
half-�lled gelatin container (left image) and D. its appearance on ultrasound (right image)
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Figure 2

The concept of �ow created by the various ultrasound games
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