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Abstract. This study aimed at developing an engaging and informative
application within first aid and CPR for people who are already certified in first
aid. The paper outlines discussions within definitions of serious games, humor,
gamification and engagement. Further we suggest specific elements for imple-
mentation and evaluation of humor and gamified elements. Two prototypes were
developed: one with gamification elements and one without. A between-group
design was used, in which two different groups tested one prototype each. Data
were gathered through data logging, in-depth interviews (with use of a verbal
numeric rating scale) and observations of participants’ facial expression. The
Facial Action Coding System (FACS) was used for analysis. The results showed
very little difference between the gamified and non-gamified version. Important
elements within gamification are focuses and thoughtfulness within the imple-
mentation of challenge, rewards, achievements, feedback and the overall visual
theme.
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1 Introduction

Out-of-hospital cardiac arrest is a major health problem associated with poor outcomes
[1, 2]. Every year, 3,500 people experience an out-of-hospital cardiac arrest in Denmark,
and only 57.9% receive cardiopulmonary resuscitation (CPR) before an ambulance
arrives. The number of CPR recipients has increased over the last 10 years [1], which
could be due to a focus on supportive ubiquitous technology solutions, e.g., the large
amount of applications as life-saving tools and use of GPS for exact location and nearby
automated external defibrillator (AED) heart starters. Training courses with first aid (and
CPR) are also mandatory in Danish state schools and are a condition for obtaining a
driver license. The number of people receiving CPR can, however, still increase,

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2017
O. Gaggi et al. (Eds.): GOODTECHS 2016, LNICST 195, pp. 78–87, 2017.
DOI: 10.1007/978-3-319-61949-1_9



considering that receiving CPR triples the survival rate [1, 2] and improves long-term
outcomes [1, 2]. One important factor (and sometimes one that is overlooked) is to focus
on keeping the already-trained layman up-to-date with CPR knowledge. This paper
presents a study in which a mobile application is developed with a focus on different
game design elements. The aim is to motivate people who have already been trained in
CPR to refresh their first-aid knowledge using a serious game. The research question is
as follows: how can game design elements be used to develop an engaging and
informative application about first aid for people who are already trained? Previous
research had similar approach [28, 29], however one element in this paper is also to
evaluate gamification elements and humor to gain the objectives of an engaging and
informative application.

There is no consensus on the definition of serious games, and they are used in divergent
ways, focusing on various perspectives within purposes, players’/users’ goals, and
intended content [7, 23]. Some general requirements embedded in serious games are
suggested as follows [23]. 1. The game play is intrinsically motivating. 2. There is
immediate feedback in the game environment. 3. The content can have or has learning
opportunities. One suggested definition of serious games thatmight alsowork as a starting
point is “Any form of interactive computer-based game software for one or multiple
players to be used on any platform and that has been developed with the intention to be
more than entertainment” [23, p. 6]. However, within this definition, there still might be
some unsolved categorical problems of what “a game” is and what “entertainment”
actually means. The main problem is still that the various definitions of serious games are
too generic, and we would rather use the term gamification. Though there are many
different perspectives within gamification, there is, however, some agreement that gam-
ification can be seen as the process of game-thinking and gamemechanics to engage users
to solve problems within a non-game context [3, 4]. The purpose of using gamification
elements is improving the user experience, which includes engagement. Engagement is
defined as “the desire to continue playing” [5] which can be seen as a prerequisite for the
experience of other conceptualizations such as engrossment, flow, fun, enjoyment,
immersion, involvement, and incorporation because a player first needs to desire continue
playingbefore these other aspects of the player experience can be experienced [5]. There is
significant hype around gamification, and even though there are some good examples,
there are also great risks for failure. This can be due to poor design and a lack of knowledge
about the target group. Careful thought is also necessary about both the advantages and
disadvantages of the design methods.

2 The Design as Engaging and Informative

Scholars have come up with different definitions of engagement and suggestions for
increasing players’ engagement [5, 8–10]. There seems to be some agreement on the
importance of motivation, challenge, and flow. O’Brien and Toms [9] suggest that
engagement shares attributes such as intrinsic motivation with flow. Motivation is
needed to interest users in the activity and is what makes a user enjoy an activity [13].
Challenge is an important attribute for engagement [9, 11] and is also described as flow
[13, 14], in which the player’s skills and challenge must be closely matched [14, 15].
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Based on the theoretical framework, especially that of O’Brien and Toms [9] and
Sweetser and Wyeth [11], the game design was developed with the following criteria:

1. Several scenarios. The application should consist of several different scenarios to
maintain users’ interest and motivation and to gain specific and different learning
goals within CPR. As two-thirds of cardiac arrest cases occur at home, it was a
prerequisite that a “home scenario” was implemented in different situations, e.g., in
terms of different numbers of bystanders (0–3).

2. Implementation of humor. Because the target group for this application is young
individuals (20–28 years of age) different elements involving humor were imple-
mented. In the literature, it is described how humor attracts attention and can be
used to make a dull subject more interesting [17–19] and even enhance learning
[20]. Because first aid is a subject that can be quite tiresome to read about, we
designed some of the answering options in the challenges to have humoristic for-
mulations. This should help users obtain a certain amount of enjoyment, which is a
part of the positive effect [9, 11]. All users are not motivated by the same things;
some prefer hard fun, and others prefer easy fun [18]. It is therefore crucial to have
in-depth qualitative user insight for implementing humor as intended.

3. Implementation of rewards in the application. Rewards can give the user clear
visual feedback based on performance, which can motivate the user to try the
scenarios more than once [9, 11, 12]. Furthermore, the users will be unable to
continue to scenario 2 [see Fig. 1 for example] if they received less than two stars in
the first scenario. Stars were chosen to indicate points because they are an already
well-known reward symbol (as known from, e.g., Angry Birds).

4. Implementation of achievements. Achievements can be a motivational factor [9]
because they provide clear feedback when showing users their progress. They also
give users a reason to continue using the application (meaning they are engaged
[5]), especially if they want to unlock as many scenarios as possible [see Fig. 1 for
example]. The achievements will be shown as highlighted with a bright yellow
color to give a clear indication of the user’s accomplishments. The user will be
shown a popup that enters the screen from the top to give them instant feedback as
an important element in game flow [9, 11].

5. Implementation of challenge. It is important that the difficulty level of the content in
the application is higher than the user’s skill level [9]. The challenge will be
implemented by different questions about CPR.

6. Implementation of feedback. A horizontal progress bar was implemented that fills
up based on the user’s progress (see Fig. 1), similar to how hit point bars and
energy bars usually are displayed in games. Furthermore, the color of the progress
bar was set to be red because it would match the rest of the theme in the application.
The progress bar itself is not a motivational factor; however, as progress and clear
visual feedback both are motivational factors [9, 11], it can be used to visualize
progress for the users and thus motivate them to proceed through the entire
application and all of the scenarios.

7. Visual theme resembles the topic. The visual theme of the application was deter-
mined to match the topic; therefore, red and white were used for most of the text
and buttons in the game. These colors are generally associated with first aid (see
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Fig. 1 as an example). The background color was decided to be a neutral blue color
to avoid a conflict with the red buttons and make interactive objects more
noticeable.

3 Methods

Unity3D was used to develop the application. Two different versions of the application
were used for testing: one with gamified elements (gamification) and one without
gamification elements. The gamified version was implemented with challenges,
achievements, and rewards (as described in Sect. 2). A between-group test design was
used in which each participant tried either of the two versions. The participants were
not told to which group they belonged or what the test was evaluating. In total, there
were 20 participants, with 10 in each group. There was an equal number of male and
females in each group.

The application was installed on tablets. As we used camera observations of the
participants’ facial expressions (described in 3.3), the tablet was inclined by 25° to
make more of their faces visible to the camera. It was placed approximately 140 cm in
front of the participants and approximately 35 cm below the participant’s eye level at
an angle of 10°.

Quota sampling was used to recruit participants. The criteria for the target group
were set to the following: 1. prior certified knowledge with first aid, 2. aged between 20
and 28, and 3. speaks and understands Danish. The age criterion was derived from the
first aid certificate requirements for having a driver’s license in Denmark, introduced in
2006. However, the first-aid certificate expires after two years.

All participants were informed about the procedure and the observations and signed
an informed consent prior to the test. Participants were secured anonymity with an ID
number, and their facial expressions not would be disclosed outside of the researchers

Fig. 1. Two screen shots from the game. Accomplishments and progress bar (left) and one of the
scenarios with implemented questions and options (right). (Color figure online)
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in this study. Participants in the gamified version were labelled with a ‘G’ in front of
the ID number and an ‘NG’ for the non-gamified group.

3.1 Data Logging

The prototype logged total play time, page visits, progression and stars earned, number
of attempts for each scenario, how many times they answered the questions correctly,
and incorrect answers for each attempt. The logged total time was compared with the
participants’ perceived time to detect if they were time distorted. The attempts used for
each scenario and the number of correct and incorrect answers were used to see how
well participants performed. The progression of stars and number of pages visited
indicated how much of the application they explored.

3.2 In-Depth Interviews with Use of a Verbal Numerical Rating Scale

We used individual in-depth interviews to obtain in-depth answers from the partici-
pants. The main advantage of the interviews was the flexible design in having the
participants verbally elaborate on their answers and that it was possible to ask
follow-up questions. During the interview, we used a verbal numerical rating scale
(VNRS), which is a projective technique used to have participants express their feelings
or thoughts on a specific topic [26]. The VNRS ranged from 0–10; 0 was the lowest
score, and 10 was the highest. The participants were asked to verbally rate seven
elements from the application with regard to different attributes of engagement [9]:
perceived time, aesthetics, feedback, challenge, enjoyment, interest, and goals. They
were asked two different VNRS questions within each element. After the interview,
participants were given a piece of paper with a scenario similar to those in the appli-
cation. They were then asked four questions. These questions were asked to state
whether they recalled what to do in terms of first aid and CPR.

3.3 Observations

The participants were video recorded while they used the application for detecting and
analyzing their here-and-now facial expressions compared to their progression in the
application. The purpose was to measure signs of concentration and happiness (and the
function of the intended humoristic elements implemented). Happiness can be detected
by lip-corner pulls, raising the cheeks, and narrowing the eyes by raising the cheeks
[24, 25]. Concentration can be detected by narrowing of the eyes and lowering and
bringing together the eyebrows [24, 25].

Krippendorff’s Alpha (KALPHA)s for both the interviews and the observations
(both with 3 coders) was calculated to check for intercoder reliability [27]. KALPHA
for coding the interviews was 0.537 for participants for the gamified version and 0.546
for the non-gamified version. KALPHA for the observations was 0.320 for participants
within the gamified version and 0.364 for the non-gamified version.
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4 Humor in a Serious Game

Humor in serious games is highly complex, as it can have both different functions and
specific experiences and outcomes in game play [20, 21]. However humor is associated
with pleasure as an overall function [20] and might cause laughter and moments of
shared fun. Besides pleasure, humor might also contain emotional responses, such as
playfulness, surprise, or other responses associated with mirth [20]. In the imple-
mentation, we wanted to use humor for emotional and cognitive functions [20], both
for maintaining engagement as well as attention and awareness. The name of some of
the achievements was designed to be humorous. When users reached 50% progress,
they were awarded an achievement stating “50% - Whoa, we’re half way there,” which
is a reference to Bon Jovi’s song “Livin’ on a Prayer.” Achievement 6 was unlocked
when participants had opened all of the subpages on the “Learn CPR” page and stated
“You should consider a job as a lifesaver!” Also, humor elements were implemented in
the soundscape, e.g., there was the screeching of tires down the road with the arrival of
an ambulance.

The participants that reported the highest amount of perceived timewereG3 andNG3.
Theywere also the participants withmost positive evaluation in terms of the implemented
humor. In the interviews, they stated that the application was “fun and serious but still
game-like” (G3) and “had good basics andwasmore fun than traditional learning ofCPR”
(NG3). Other participants also mentioned that “it was done in a humorous way” (G2).
However, someparticipantswereconfusedbythehumoranddidnot thinkthe implemented
humoristic elements were funny. Participant NG7 stated that she was “confused by the
humorwhich suddenly occurred.”Thismeans that theremight be amismatch between the
genreexpectationsand theactual content in theapplication,but tobehumorous, thecontent
must also be a surprise [20].NG7was also uncertainwhether the purpose of the humoristic
elements and scores were partly to compare them with friends (social function) or if the
game was actually was an application for testing knowledge level (cognitive function).

Seven participants stated that it was a “fun experience” (G1, G3, G6, NG4, NG5,
NG8, and NG10). Furthermore, only two participants did not smile through the usage
of the application. However, the observed facial expressions related to participants’
happiness did not reveal much difference between the gamified and non-gamified
application (Table 1). Based on the observations, it can be questioned how enjoyable
the application actually was. The findings of these observations is taken to a
methodological level as being very difficult to actually observe and interpret partici-
pants’ facial expressions. Table 1 shows the coders’ ratings of the participants’
enjoyment/happiness.

It is rather problematic using only self-reports (e.g., interviews and questionnaires)
as the sole method for user feedback and evaluation. Users might have difficulties
expressing their feelings and behaviors towards the application, and self-reports are
often based on an evaluation after the event or “disturbing” the flow during usage. This
is the reason why self-reports with advantages could be supplemented. However,
observations and psychophysiological measurements (e.g., electroencephalography and
skin conductance) can be very difficult to both set up and interpret in gaming. The idea is
to come closer to what users do, feel, and think and guess what they have on their minds.
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However, as many scholars have argued, information on causal relationships between
discrete brain structures and their putative functions is still rather limited [6, 16].

5 Engaged or Not Engaged

In general, there was not much difference between the gamified and non-gamified
group in terms of their VNRS ratings for six of the seven engagement elements
(perceived time, aesthetics, feedback, enjoyment, interest, and goal). The only main
difference was seen in “challenge,” for which the participants were asked how chal-
lenging the application was. The question was rated on an average of 5.0 (0 lowest and
10 highest) for the gamified group and 2.9 for the non-gamified group. This could be
interpreted as the gamified group feeling more challenged than the non-gamified
group. Some participants in the gamified group stated that the achievements and points
were a challenge for them to obtain, which might be the reason why they felt more
challenged.

We assumed that the participants who used the gamified version would spend more
time on the application compared to those who used the non-gamified version. How-
ever, the result was opposite. The group that used the gamified version had an average
play time of 564 s (perceived time of 654 s) and the non-gamified had an average play
time of 619.5 s (perceived time of 648 s). There is no significant difference between the
difference in play time and perceived time between the two groups (p < .2123, Wil-
coxon rank sum test). The minor difference in the two groups’ perceived time and play
time could be due to the participants not being in the flow [13, 14] or being engaged
[9]. One reason could be the intrinsic motivation in the content of the application, but
several participants also mentioned external factors, e.g., G7 stated several things that
distracted from her experience (e.g., background noises and the artificial set up for the
test).

The logged data revealed that the gamified group played scenario 1 more frequently
(on average 0.4 more often) compared to the non-gamified group. This could be
explained by a higher level of interest within the gamified version for scenario 1 and
the fact that scenario 2 was seldom retried by either group. Scenario 2 had too high of a
similarity with scenario 1 (not enough new content), which affected the interest. The

Table 1. Average number of signs of enjoyment/happiness (three coders), based on FACS
codes [24, 25]

Definition Gamified Non-gamified Difference,
N-G

1. Somewhat
happy

Small lip-corner pull 2.36 2.17 0.21

2. Moderately
happy

Medium lip-corner pull with mouth
closed. Raising cheeks

2.2 2.2 0

3. Very
happy

High lip-corner pull with mouth open.
Narrowing the eyes by raising the
cheeks

0.43 0.93 0.50
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average numbers of tries for scenario 2 was 0.7 for the gamified version and 0.8 for the
non-gamified version.

The non-gamified group had an average of 78.9% progression, and the gamified
group had an average of 77.4%. The gamified group’s progression was lower than
expected; however, all of the gamified group’s participants had visited all of the pages
in the application, but two participants of the non-gamified group missed a few.
A general comment from the interview was that the questions/challenge were too easy.
However, even though that we could not see much difference in the VNRS ratings
(except the challenge questions), observations, or logged data, the comments from the
interviews highlight major differences between the two groups, e.g., G2 stated, “The
progression bar kept me going . . .’ G1 stated, “I liked and felt motivated by the
achievements, and I wanted to unlock all of them . . . I wanted to know how I could
get all the achievements.” However, in both groups, there were explicit statements
mentioning that “it was a fun experience” (G1, G2, G3, NG4, NG8, and NG10).

After the interview, all participants were given a scenario on paper regarding a
drowning accident to see if they recalled any of the information given in the application
(cognitive learning perspective). Of 80 questions (four per participant), only 14
questions were answered incorrectly, and there was no difference between the two
groups. The only difference was a total of one more correct answer for the
non-gamified group for questions 1 and 4.

6 Conclusion

The topic of first aid had an impact in terms of participants’ interest. Several partici-
pants stated that they knew it was an important topic but felt they did not need to know
anything about it (again) because they believed they would never be in a situation
where CPR was needed. This was mostly as expected. The idea behind this study was
motivating people already trained in CPR to refresh their first-aid knowledge with the
support of a serious game with gamified elements. With regard to this aim, the
application was a success. An after-evaluation to test the knowledge gained revealed
very few incorrect answers.

However, several topics can be further investigated within both the game design
and the methods for evaluating engagement and gamified elements. The scenarios in
this game should have been more challenging; nearly everyone who attempted the
scenarios scored a high number of correct answers on their first attempt. The lack of
challenge in the scenarios affected motivation, interest, and perceived time. If users do
not feel challenged, there is less of a chance that they will be engaged in the game and
may grow bored and lose interest in the application.

In general, there was not much difference between the gamified and non-gamified
groups in terms of both the VNRS ratings from the interviews, time spent, and per-
ceived time from the data logging. However, further research with more participants
and better control set up is needed to determine the actual effects of gamified versus
non-gamified elements.

Our conclusion reveals that it is rather difficult to both implement and measure
humor in a serious game. The elements of humor were evaluated differently, both
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among the game developers and test subjects. In that sense, the conclusion is part of the
already well-known trap for game developers. Game developers tend to make serious
games fun using such heuristics as game interface, game mechanics, game story, and
game play [22], but the implemented humor might not match either the overall purpose
or the players’ interest. However, the triangulated methods for measuring humor
provided some insight. The FACS codes used to observe participants’ facial expres-
sions combined with the interviews could be one way of measuring humor, but this is
rather time-consuming, and training is necessary both for detecting facial expressions
and conducting the interviews. Intercoder reliability is an important tool for findings
and reporting and in the design process. Besides an indication of reliability, it also
gives the design developer a better common understanding of the application, as
necessary discussions, definitions, and decisions can be made on the basis of better
common understandings due to intercoder indications.
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