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Abstract 
Gamification and serious games are increasingly employed for attitude change purposes. However, they 

frequently exploit a limited set of game elements, such as points, badges and leaderboards, and scarcely 

explore the use of more complex elements that make games engaging. In this paper, we focus on game 

elements from the arcade genre, and their use in serious games for attitude change. In particular, we propose a 

serious game for mobile devices that employs arcade game elements for attitude change in aviation safety, and 

we assess its effects with two different studies. The first study compares the immediate effects of the serious 

game vs. the traditional approach (safety card), showing that the game is more engaging and can improve 

attitudes towards aircraft emergencies in terms of users’ self-efficacy and perceived vulnerability to the risk. 

The second study assesses the effects of the serious game when used over time (1-week) in a naturalistic 

setting, showing that the game can engage users and increase knowledge about correct and wrong behaviors. 

In both studies, engagement turned out to play a role that we analyze in detail. 
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1. Introduction 
Gamification can be defined as the incorporation of game elements into interactive applications without a full-

fledged game as the end product (Deterding et al., 2011; Deterding, 2012; Seaborn and Fels, 2015), while 

serious games (SGs) are (full-fledged) games that use entertainment to further training, education, health, 

public policy, and strategic communication objectives (Zyda, 2005). Over the last years, gamification and SGs 

have been successfully employed in several domains (Connolly et al., 2012; Hamari et al., 2014; Laamarti et al., 

2014; Seaborn and Fels, 2015). In some cases, the proposed design was aimed at attitude change, i.e. a 

modification of “a person’s overall evaluation of persons (including oneself), objects, and issues” (Petty and 

Wegener, 1998). For example, some gamification and SG proposals foster attitude change towards a brand or 

service (Hamari, 2017; Wise et al., 2008), or towards health behaviors (Baranowski et al., 2008; DeSmet et al., 

2014). 

However, several gamified applications still employ only a limited set of game elements such as points, badges 

and leaderboards (Rapp, 2017), raising criticism especially from the game community. For example, Robertson 

(2010) considers these elements as the “least essential to games” (Robertson, 2010), and Bogost (2011) 



criticizes the gamification approach claiming that it “confuses the magical magnetism of games for simplistic 

compulsion meted out toward extrinsic incentives”. Similar criticism can be extended also to SGs, which are 

often based on simulations of real-world scenarios that integrate points, badges and leaderboards to reward 

the users, e.g. (Backlund et al., 2007; Mayer et al., 2013; Zyda, 2005), while several different elements that 

make games engaging are scarcely explored in SGs. More generally, several researchers suggest going beyond 

current gamification practices, and experimenting with new game elements (Baranowski et al., 2008; DeSmet 

et al., 2014; Nicholson, 2012; Rapp, 2017; Sakamoto et al., 2012). 

Among game elements that are scarcely explored, this paper focuses on those that characterize the arcade 

genre. Although arcade games vary greatly in the tasks that players must perform (e.g. shooting, racing, 

fighting, or finding their ways in a maze), most of them are characterized by these peculiar elements: 

• They are typically organized in levels of increasing difficulty. The first levels are easy, and players can 

rapidly learn simple controls to succeed. Then, they rapidly become more challenging, and require 

more skills (e.g. hand-eye coordination) to be completed. 

• The pace is typically fast because there is a limited amount of time to complete each level or there is an 

increasing number of obstacles or enemies to avoid or fight. 

• Graphics are pleasant but simple, and the environments and characters are often depicted in a 

cartoon, colorful and fun style. 

These game elements contributed to make the arcade genre engaging for different generations of users, from 

those who played on cabinets in the ‘70s to those currently playing arcade games on mobile devices or on the 

Web. Therefore, we decided to explore their use in SGs with the aim of engaging users as well as positively 

changing their attitudes in a given domain. 

In particular, we propose a SG for mobile devices that employs arcade game elements to deal with the topic of 

correct evacuation behaviors in aircraft emergencies (e.g. rapidly finding the path to the closest safe exit; 

avoiding fire, smoke, and unruly passengers), and foster attitude change towards aircraft emergencies. 

Different aspects of attitude change can be assessed in this domain. First, attitude change can appear in terms 

of modifications in people’s level of agreement on correct or wrong behaviors. Since people can ignore which 

behaviors are correct or wrong, increasing knowledge about the topic can contribute to attitude change. 

Second, people’s attitude towards aircraft emergencies can be measured in terms of psychological constructs 

of control such as self-efficacy, i.e. the belief an individual has on his/her ability to execute a behavior, which 

significantly determines performance outcomes (Bandura, 1997; Bandura, 2001). Third, attitude change can 

also be influenced by how people perceive a risk. Two important indicators of risk perception are vulnerability, 

i.e. how personally susceptible a person feels to a threat, and severity, i.e. how severe a person believes that 

the threat would be to his/her own life. Fourth, a further aspect of people’s attitude towards a topic that can 

be assessed is motivation to learn more about the topic. 

To thoroughly explore if and how the proposed SG based on arcade game elements can play a role in attitude 

change, we carried out two different user studies. The first study investigated the immediate effects of the SG 

by assessing if it could engage users and foster attitude change in terms of agreement on correct and wrong 

behaviors, self-efficacy, vulnerability, and severity. The study assessed these measures before and after users 

tried the SG, and compared the game with the approach traditionally used to convey the same information, i.e. 

the safety card employed by airlines. Finally, the study explored the relations between engagement and the 

other considered variables.  



The second study assessed instead the effects of the SG over time in a naturalistic setting, with users free to 

employ it as much as they wanted over a 1-week period. The study had two main objectives: assessing if the 

game could increase users’ knowledge about correct and wrong behaviors, and investigating in detail the 

possible role of engagement in determining attitude change towards aircraft emergencies, including users’ 

motivation to learn more about the topic. 

The paper is organized as follows. In Section 2, we illustrate the game elements used in related work 

concerning gamification and SGs for attitude change. Section 3 illustrates the SG we developed by using 

elements from the arcade genre to change attitudes towards aircraft emergencies. Section 4 and 5 describe, 

respectively, the first and the second study, reporting and discussing the results. Section 6 concludes the paper 

outlining future work. 

 

2. Related work 
Different surveys dealt with the effects of gamification and SGs (Baranowski et al., 2008; DeSmet et al., 2014; 

Hamari et al., 2014; Seaborn and Fels, 2015). Two of them specifically focused on attitude change in a 

particular domain, i.e. health (Baranowski et al., 2008; DeSmet et al., 2014). This section will deal with the 

game elements employed for attitude change in different domains. Table 1 lists the different proposals, 

indicating the followed approach (gamification or SG), the employed game elements, the domain, and the topic 

of the proposal. In the following, we briefly summarize the game elements used in different domains, providing 

more information on the proposals that are more relevant to our work. 

In the health domain, different authors followed a gamification approach based on points, badges, and other 

rewards for attitude change purposes (Cafazzo et al., 2012; Consolvo et al., 2008; Rose et al., 2013; Stinson et 

al., 2013). Rewards included the possibility to redeem digital items (Cafazzo et al., 2012), graphical rewards to 

visually enrich a virtual garden (Consolvo et al., 2008), and videos with popular actors (Stinson et al., 2013). 

Similar game elements were used also in various SGs that required users to perform physical activity. For 

example, Lin et al. (2006) rewarded teams of users who walked in the real world with the growth and activity of 

virtual fishes, and created a leaderboard showing the fishes of teams with highest scores to stimulate 

cooperation and competition. Some SGs used a story to convey health messages (see Baranowski et al., 2008). 

Unfortunately, only a few proposals explored additional game elements. Notably, game elements from the 

platform genre (e.g. running, jumping, and taking or avoiding items) were used in a SG (Fuchslocher, 2011) that 

required players to balance the blood glucose level of their character (e.g. by taking food or insulin items). The 

elements of two popular arcade games (Arkanoid and Snake) were instead used in two SGs controlled by users’ 

physical activity (Buttussi et al., 2007; Chittaro and Sioni, 2012). 

In their review of SGs to promote health-related attitude change, Baranowski et al. (2008) found overall 

positive effects, but also called for more research on the optimal use of game elements in the field. Similarly, 

the meta-analysis of DeSmet et al. (2014) found positive, but small effects of SGs on health-related attitude 

change, and encouraged further explorations to understand which game elements could create larger effects. 

In the environmental sustainability domain, the different proposals resorted mainly to the common 

gamification approach based on points, rewards, and leaderboards (Gnauk et al., 2012; Liu et al., 2011; 

Massung et al., 2013). Interestingly, Liu et al. (2011) added graphical negative feedback by raising the water 

level in a virtual island when users did not perform the correct behavior.  



In the marketing domain, gamification and SGs have been used to change people’s attitudes towards brands, 

products, and services. As described in Wise et al. (2008), the typical approaches used range from featuring a 

brand inside an existing, popular game to create SGs specifically around a product. The first approach, called in-

game advertising, is similar to brand placement in television programs and movies (Yang et al., 2006), and 

makes the brands or products recede behind game rules (Mau et al., 2008). In the second approach, called 

advergames or ad-games, the brands or products take the center stage in a SG whose rules are structured 

around the advertising message (Mau et al., 2008). An alternative approach consists in the gamification of the 

service itself as proposed by Hamari (2017), who employed badges to increase trade proposals, transactions, 

and comments in a peer-to-peer marketplace. 

In the domain of safety, only a few studies focused on the effects of gamification and SGs on attitude change. 

Two of these studies (Chittaro and Sioni, 2015; Chittaro, 2016) concerned SGs based on simulations of real 

world scenarios, which employed fearful realistic feedback (e.g. showing blood or broken bones) to scare users 

about the negative consequences of not adopting the proposed behaviors, as suggested by fear appeals 

models such as Protection Motivation Theory (Rogers, 1983). An alternative approach was proposed by 

Burrows and Blanton (2016), who embedded graphical advertising about safe driving in the background of the 

scenes of a first-person shooter. Notably, they found a correlation between engagement in the game and the 

obtained players’ positive attitudes towards correct behaviors. 

In summary, game elements such as points, badges, and other forms of rewards were used for attitude change 

often and across domains in both gamification and SG proposals, while other game elements were only rarely 

considered. Different authors (Baranowski et al., 2008; DeSmet et al., 2014) pointed out the need to explore a 

wider set of game elements and to assess their effects on attitude change. This is particularly important in the 

safety domain where the few proposals that assessed attitude change mostly relied on simulations of real 

world scenarios that followed a fear-based approach. Therefore, the present paper focuses on different game 

elements, from the arcade genre, and studies their use in a SG for safety-related attitude change that does not 

follow a fear-based approach. 

 

Table 1: Gamification and serious game proposals for attitude change in different domains. 

Reference Approach Game elements Domain Topic 

Burrows and 
Blanton (2016) 

Serious game Game elements from 
first-person shooters 

Safety Safe driving 

Buttussi et al. 
(2007) 

Serious game Game elements from 
Arkanoid arcade game 

Health Engagement in a physical 
activity 

Cafazzo et al. 
(2012) 

Gamification Points, rewards Health Measurement of blood glucose 
level in diabetic children 

Chittaro and 
Sioni (2012) 

Serious game Game elements from 
Snake arcade game 

Health Engagement in walking 

Chittaro and 
Sioni (2015) 

Serious game Simulation of a real 
world scenario 

Safety Terror attack preparedness 

Chittaro 
(2016) 

Serious game Simulation of a real 
world scenario 

Safety Brace position in aircraft 
emergency landings 

Consolvo et al. 
(2008) 

Gamification Graphical rewards Health Engagement in physical 
activities 



Fuchslocher 
(2011) 

Serious game 
 

Game elements from 
platform genre 

Health Balance of blood glucose level 
in diabetic people 

Gnauk et al. 
(2012) 

Gamification Points, leaderboards Environmental 
sustainability 

Engagement in an energy 
management system 

Hamari (2017) Gamification Badges Marketing Engagement in a peer-to-peer 
marketplace 

Lin et al. 
(2006) 

Serious game Rewards, leaderboard Health Engagement in walking 

Liu et al. 
(2011) 

Gamification Points, graphical 
negative feedback 

Environmental 
sustainability 

Sustainable behaviors 

Massung et al. 
(2013) 

Gamification Points, rewards Environmental 
sustainability 

Engagement in pro-
environmental activities 

Rose et al. 
(2013) 

Gamification Points Health Measurement of blood glucose 
level in diabetic people 

Stinson et al. 
(2013) 

Gamification Badges, rewards Health Pain diaries of young cancer 
patients 

 

3. The proposed serious game 
The safety topic considered by our game is the emergency evacuation of an aircraft. Fast and safe evacuation 

during emergencies is fundamental, because the cabin becomes unsurvivable in about two minutes since fire 

erupts (Miur, 2004). Unfortunately, incident and accident reports describe a wide range of inappropriate 

behaviors performed by passengers during emergency evacuations that jeopardize their and others’ survival 

(National Transportation Safety Board, 2000). The aim of the SG is to change users’ attitudes towards aircraft 

emergencies and to promote the correct behaviors passengers should follow to evacuate safely. More 

specifically, the correct behaviors that the SG aims at promoting concern the need to: i) locate the closest exit, 

and use it as a first choice in the evacuation, ii) find an alternate exit when the closest one is not accessible, iii) 

leave luggage on the aircraft, iv) avoid smoke inhalation, v) stay away from fire, vi) be careful about unruly, 

competitive behaviors who disrupt the evacuation such as pushing. 

Previous research simulated evacuation scenarios in their dramatic and fearful aspects (Chittaro and Buttussi, 

2015; Buttussi and Chittaro, 2018), but the fear-based approach may not be attractive for some users. 

Therefore, the present paper explores a different approach. The aim is to turn possibly scary evacuation 

scenarios into fun, humorous situations with cartoon characters and objects, while at the same time keeping 

the safety messages clear: the SG can be successfully completed only by performing the correct safety 

behaviors. Different safety messages, such leaving a place within a given amount of time or avoiding dangerous 

areas and unruly people, recall typical game elements from the arcade genre, such the limited amount of time 

and the avoidance of obstacles and enemies. Therefore, we propose a SG for mobile devices that uses arcade 

game elements to promote the correct behaviors for a successful evacuation. 

More precisely, the message about the importance of a fast evacuation is conveyed by giving time pressure a 

fundamental role in the game. As shown in Figure 1, a prominent clock with a countdown in seconds is 

displayed at the top of the screen. If the countdown completes before the player reaches an exit, then the goal 

is not achieved, and the level must be played again. The next level is unlocked only when the current one is 

completed successfully. Each level is short due to time pressure, and the difficulty increases level after level, as 

it typically happens in most arcade games. 

 



        

Figure 1. One of the easiest and one of the most difficult game levels. 

 

The player is influenced into locating the best exit for the depicted circumstances as follows. In the easiest 

levels, all exits are accessible, but the available time allows the player to reach only the closest one. In the 

more difficult levels, an increasing number of exits becomes inaccessible due to smoke or fire, requiring more 

complex reasoning to reach the best exit for an evacuation that can be completed in the available time. 

The message about luggage is conveyed through the behavior of other passengers, with some of them wrongly 

taking luggage (Figure 2). In the first levels, all passengers leave luggage on the plane, and move fast. As the 

level number increases, some passengers start to carry luggage (also in the form of unexpected objects like a 

TV set, a large beach ball, a fish bowl,...), and slow down the evacuation of the other characters (creating lines 

of people) and of the player. This makes it more difficult to find a path that leads to an exit in time. We 

exploited the same idea for the message about unruly behaviors. In the first levels, all passengers behave in an 

orderly manner. As the level of difficulty increases, some passengers will start to look angry (Figure 2), and act 

disorderly, making the evacuation chaotic. If the player gets into contact with them, they will push him/her on 

the ground, ending the level. 

Players can control their character in real-time by dragging the finger anywhere on the screen in the desired 

direction of movement as if they had a virtual arcade joystick. As it is typical in arcade games, we kept the 

controls deliberately simple, so that players can rapidly learn them and easily succeed in the first levels. More 

skills are instead required to complete the more difficult levels successfully. 

Finally, simplicity of graphics (Figure 1) and use of fun cartoon characters (Figure 2), which are characteristic of 

arcade games, were adopted too for the proposed game. 



The game was implemented in C# using the Unity 5.3 game engine. We implemented two versions of the 

game. The first had 12 levels and was used in the study to assess the immediate effects of the SG, while the 

second has 48 levels and was used in the study that assesses the effects of the SG when used over time. The 

differences between the two versions were the total number of the levels and the increase in difficulty 

between a level and the next one. 

 

 

Figure 2. Examples of some of the cartoon characters in the game. 

 

4. Study 1 
To evaluate the immediate effects of the SG, we carried out a between-groups study. Half participants (Serious 

Game group) played the SG described in Section 3, while the other half (Safety Card group) examined a safety 

card that presented the same safety information. 

 

4.1 Hypotheses 
We formulated the following hypotheses: 

1. Participants in the Serious Game group should be more engaged than those in the Safety Card group, 

since it is known that passengers tend not to pay attention to safety cards (Corbett et al., 2008), while 

a game can potentially be more attractive. 

2. If the previous hypothesis holds, the SG might increase participants’ level of agreement on proposed 

behaviors more than the safety card. More engaged users were more oriented towards correct 

behaviors in the study of a first-person shooter game that contained safety-related advertising 

(Burrows and Blanton, 2016), so it is interesting to assess if the same effect could hold in the different 

case of an arcade SG concerning the intended safety context and behaviors. 

3. The possible increase in self-efficacy should be higher in the Serious Game group, since gaining 

experience in performing a given behavior is a major factor that contributes to increase self-efficacy 

(Bandura, 1997), and participants in the Serious Game group actively put the correct behaviors in 

practice to advance in the game. 



The study was explorative with respect to vulnerability and severity, since previous proposals that assessed 

these variables employed fear appeals (Chittaro and Sioni, 2015; Chittaro, 2016), which are likely to affect risk 

perception, while the present SG follows a humorous approach. 

 

4.2 Materials 
Participants in the Serious Game group played the first 12-level version of the SG on an Android smartphone. 

Participants in the Safety Card group examined an A4-sized safety card, printed in color. The pictorials in the 

safety card were those employed by one of the largest world airlines. The safety card used in the study 

included only the pictorials that provide the same safety information provided by the SG. 

 

4.3 Participants 
The evaluation involved a sample of 40 participants (20M, 20F). Participants were volunteers who received no 

compensation and were recruited through personal contact. Age ranged from 18 to 63 (M=29.98, SD=12.82). 

We asked participants to rate their frequency of use of video games on a 7-point scale (1=never, 2=less than 

once a month, 3=about once a month, 4=several times a month, 5=several times a week, 6=every day for less 

than an hour, 7=every day for more than one hour). Answers ranged from 1 to 7 (median=2.5; 15 participants 

never played video games, 5 played less than once a month, 2 played about once a month, 4 played several 

times a month, 7 played several times a week, 1 played every day for less than an hour, and 6 played every day 

for more than an hour). 

We also assessed individual differences in frequency of air travel by asking participants to count their number 

of flights in the last two years, as in (Corbett et al., 2008). Each flight had to be counted individually (e.g., a 

round trip from airport A to airport C via a connection through airport B results in four flights). Answers ranged 

from 0 to 16 (M=2.65, SD=3.50). 

Participants were assigned to the two groups in such a way that each group had 20 participants (10M, 10F 

each), and the two groups were similar in terms of age, frequency of video game use, and frequency of air 

travel. Lack of significant differences between the two groups was confirmed by independent samples t-tests 

for age and frequency of air travel, and by Mann-Whitney U test (used because the variable was ordinal) for 

frequency of video game use. 

 

4.4 Measures 

4.4.1 Engagement 

To measure the engagement experienced by participants, we administered a questionnaire that asked 

participants to rate their level of agreement about six statements on a 7-point scale (1=not at all, 7=very). The 

six statements were: i) it was boring, ii) it was engaging, iii) it aroused emotions in me, iv) I would have liked to 

continue using it, v) while I use it, I forgot about the real environment where I was, and vi) it was fun. After 

inverting the scale of the first statement, the six ratings were averaged to form a reliable scale (Cronbach’s 

alpha=0.79). 



4.4.2 Behavior agreement 

To measure participants’ level of agreement on correct and wrong behaviors, we used a questionnaire with a 

list of behaviors that one might follow during the evacuation of an aircraft, and we asked participants to rate 

their agreement about the correctness of each behavior on a 7-point Likert scale (1=strong disagreement, 

7=strong agreement). The list of behaviors included nine correct behaviors presented in the experimental 

condition, and three wrong behaviors that were the opposite of correct presented behavior. After inverting the 

scale of wrong behaviors, the ratings were averaged to form the “behavior agreement” measure. To measure 

changes due to the experimental condition, we administered the questionnaire twice: before (pre-test) and 

after (post-test) the experimental condition. Mean pre-test behavior agreement was 6.12 (SD=0.67). An 

independent samples t-test showed no significant difference in the pre-test scores between the two groups. 

4.4.3 Self-Efficacy 

To measure self-efficacy, we administered a questionnaire that adapted items from well-known self-efficacy 

questionnaires (Schwarzer and Jerusalem, 2015) to the considered aviation safety context. The questionnaire 

had six items: i) I feel able to deal with an emergency evacuation of an aircraft, ii) I would be able to deal with 

an emergency evacuation even if the aircraft is on fire, iii) I would be able to deal with an emergency 

evacuation even if one or more exits are blocked, iv) I would be able to deal with an emergency evacuation 

even if most of the passengers scream or cry, v) I feel confident of my ability to exit from the aircraft in time, 

and vi) I would be able to help passengers in need. Participants were asked to rate each item a 7-point scale 

(1=not at all, 7=very). We administered the self-efficacy questionnaire twice: before (pre-test) and after (post-

test) the experimental condition. Answers were averaged to form a reliable scale (Cronbach’s alpha pre-

test=0.94, post-test=0.96). Mean pre-test self-efficacy was 3.31 (SD=1.76). An independent samples t-test 

showed no significant differences in pre-test self-efficacy between the two groups. 

4.4.4 Vulnerability 

To measure vulnerability, we administered the questionnaire used in (Chittaro, 2016), which in turn was 

adapted from (De Hoog et al., 2008). Participants were asked to think about an emergency landing and 

evacuation of an aircraft, and to rate three items on a 7-point scale (1=not at all, 7=very). The three items 

asked how vulnerable respondents perceived themselves to be with respect to such risk; how high they 

thought their risk of being involved in such situation was; and how high the probability of suffering personal 

negative consequences from such situation was. The questionnaire was administered twice: before (pre-test) 

and after (post-test) the experimental condition. Cronbach’s alpha was 0.64 in the pre-test and 0.67 in the 

post-test. Mean pre-test vulnerability was 3.52 (SD=1.16). An independent samples t-test showed no significant 

differences in pre-test vulnerability between the two groups. 

4.4.5 Severity 

Severity was measured by means of the questionnaire used in (Chittaro, 2016), which in turn was adapted from 

(De Hoog et al., 2008). The questionnaire asked participants to think about an emergency landing and 

evacuation of an aircraft and to rate three items on a 7-points scale (1=not at all, 7=very). The three items 

asked how severe, harmful, and serious the consequences of such situation would be. The questionnaire was 

administered twice: pre-test and post-test. Cronbach’s alpha was 0.82 in the pre-test and 0.86 in the post-test. 

Mean pre-test severity was 5.76 (SD=1.00). An independent samples t-test showed no significant differences in 

pre-test severity between the two groups. 

 



4.5 Procedure 
The experimenter contacted participants and asked them the initial demographic information (gender, age, 

frequency of game use, and frequency of air travel). Before starting the test, participants were kindly asked to 

switch off their phones or turn off ringtones and vibration. Participants in the Serious Game group (respectively 

the Safety Card group) were told that we were testing a mobile game (respectively a safety card). All 

participants were informed that they would be asked to fill a few anonymized questionnaires and that they 

would be interviewed about their personal opinions. Finally, participants were told that they could refrain from 

continuing the experiment at any time, without providing a reason to the experimenter. After participants gave 

their consent, they filled the pre-test questionnaire to measure their agreement on correct and wrong 

behaviors as well as the pre-test questionnaires assessing self-efficacy, vulnerability, and severity. 

Participants in the Serious Game group were told that the game was made of 12 levels, and that there was no 

time limit to complete them. Similarly, participants in the Safety Card group were told that they could examine 

the safety card how long they wanted until they thought they had understood the pictorials. Participants in 

both groups were invited to ask for any clarifications before starting the trial, since they could not ask 

questions to the experimenter during the trial. 

After the experimental condition, participants filled the engagement questionnaire as well as the post-test 

questionnaires assessing self-efficacy, vulnerability, and severity. Then, participants filled the post-test 

questionnaire to measure their agreement on correct and wrong behaviors.  

 

4.6 Results 
To compare the engagement of the two groups we used an independent samples t-test. For all the other 

dependent variables, which were measured two times each, we used a 2 x 2 mixed design ANOVA, in which 

group served as the between-subjects variable, and time of measurement (pre-test, post-test) served as the 

within-subjects variable. In case of interaction between group and time of measurement, we proceeded with 

the analysis of simple main effects as described by (Cohen, 2001). To test the effects of time of measurement 

separately for each group, we used one-way repeated measures ANOVA. To test the effects of group 

separately at each time of measurements, we used between-subjects ANOVA. Finally, to test the relations 

between engagement and the other assessed variables, we used Pearson’s correlation. 

4.6.1 Engagement 

The analysis revealed that the difference in engagement between the two groups (Figure 3) was statistically 

significant, t(38)=-3.90, p<0.001, two-tailed. The SG was more engaging (M=4.28, SD=1.18) than the safety card 

(M=2.99, SD=0.87). The effect size was large (Cohen’s d=1.24). 



 
Figure 3: Engagement in the Safety Card and in the Serious Game group. Capped vertical bars indicate ± SE. 

4.6.2 Behavior agreement 

For behavior agreement (Figure 4), the analysis revealed no main effect of group, no main effect of time of 

measurement, and no interaction. 

 

Figure 4: Behavior agreement in the Safety Card and in the Serious Game group before and after the 

experimental condition. Capped vertical bars indicate ± SE. 

4.6.3 Self-Efficacy 

For self-efficacy (Figure 5), the analysis revealed a main effect of group, F(1,38)=6.10, p<0.05, ηp
2=0.14, a main 

effect of time of measurement F(1,38)=29.42, p<0.001, ηp
2=0.44, and a group by time of measurement 

interaction, F(1,38)=5.82, p<0.05, ηp
2=0.13. We thus proceeded with the analysis of simple main effects. In the 

Safety Card group, the mean pre-test self-efficacy score was 3.00 (SD=1.29), and the mean post-test score was 

3.48 (SD=1.34). The analysis revealed a statistically significant difference, F(1,19)=12.69, p<0.01, ηp
2=0.40. In 

the Serious Game group, the mean pre-test self-efficacy score was 3.63 (SD=1.58), and the mean post-test 

score was 4.88 (SD=1.34). The analysis revealed a statistically significant difference, F(1,19)=18.69, p<0.001, 

ηp
2=0.50. There were no statistically significant differences between the two groups at pre-test time, while we 

found a statistically significant difference at post-test time, F(1,38)=10.90, p<0.01, ηp
2=0.22, with a higher self-

efficacy in the Serious Game group (M=4.88, SD=1.34) than in the Safety Card group (M=3.48, SD=1.34). 
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Figure 5: Self-efficacy in the Safety Card and in the Serious Game group before and after the experimental 

condition. Capped vertical bars indicate ± SE. 

4.6.4 Vulnerability 

For vulnerability (Figure 6), the analysis revealed no main effect of group, a main effect of time of 

measurement F(1,38)=4.90, p<0.05, ηp
2=0.11, and a group by time of measurement interaction, F(1,38)=7.66, 

p<0.01, ηp
2=0.17. We thus proceeded with the analysis of simple main effects. In the Safety Card group, the 

mean pre-test vulnerability score was 3.57 (SD=1.15), and the mean post-test score was 3.50 (SD=1.16). The 

difference was not statistically significant. In the Serious Game group, the mean pre-test vulnerability score 

was 3.48 (SD=1.20), and the mean post-test score was 4.08 (SD=1.21). The analysis revealed a statistically 

significant difference, F(1,19)=9.11, p<0.01, ηp
2=0.32. There were no statistically significant differences 

between the two groups at pre-test or post-test time. 

 
Figure 6: Vulnerability in the Safety Card and in the Serious Game group before and after the experimental 

condition. Capped vertical bars indicate ± SE. 

4.6.5 Severity 

For severity (Figure 7), the analysis revealed no main effect of group, no main effect of time of measurement, 

and no interaction. 
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Figure 7: Severity in the Safety Card and in the Serious Game group before and after the experimental 

condition. Capped vertical bars indicate ± SE. 

4.6.6 Engagement correlations 

We found a statistically significant positive correlation between engagement and post-pre difference in 

behavior agreement, ρ=0.48, p<0.01. Also the positive relation between engagement and post-pre difference 

in self-efficacy was statistically significant, ρ=0.33, p<0.05. No significant relation was found between 

engagement and post-pre difference in vulnerability and severity. Analyzing engagement correlations 

separately for each group, we found that the relation with post-pre difference in behavior agreement for the 

Serious Game group was significant, ρ=0.65, p<0.01, while it was not for the Safety Card group. The relation 

with post-pre difference in self-efficacy did not reach significance for either of the two groups. 

 

4.7 Discussion 
Results about engagement confirmed our hypothesis: participants in the Serious Game group were significantly 

more engaged than those in the Safety Card group. Similar results were found in studies that compared safety 

cards with SGs based on fear appeals (Chittaro and Buttussi, 2015), but to the best of our knowledge, this is the 

first study that extends the exploration to the arcade genre. The use of arcade game elements, which made 

several entertainment games engaging, had likely contributed to the results, and could thus be considered in 

solutions to overcome passengers’ lack of interest towards traditional safety media. 

Unfortunately, the study did not show the expected effects of group and time of measurement on behavior 

agreement. Indeed, the analysis did not reveal any improvement on behavior agreement with either the game 

or the safety card. However, it must be noted that behavior agreement was already very high in the pre-test 

(6.12 on a 1 to 7 scale), so the lack of significant effects is partially explained by a ceiling effect. This ceiling 

effect could be due to different factors. First, most participants might have already known the considered 

safety information (previous knowledge). Second, they might have not known it, but felt to agree with correct 

behaviors after reading them in the initial questionnaire (questionnaire bias). The following facts are against 

the first factor: i) 14 of the 40 participants did not fly in the previous two years, so it is unlikely they were 

exposed to aviation safety information, ii) passengers tend not to pay attention to traditional safety materials 

and even those who pay attention show an unacceptable level of comprehension (Corbett et al., 2008), so even 

participants who had flown might not have been familiar with the relevant safety information. In any case, 
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since previous knowledge and/or questionnaire bias affected behavior agreement before trying the 

experimental condition, this first study highlighted that further research was needed to understand if the 

proposed approach could deliver the safety information required to support attitude change towards aircraft 

emergencies. This was one of the motivations for the second study, described in Section 5, which will address 

this issue. 

This first study provided instead evidence to support our hypothesis about self-efficacy. The analysis showed a 

statistically significant increase in self-efficacy after the experimental condition in both groups, so both the SG 

and the safety card could successfully improve this aspect of participants’ attitudes. Moreover, the difference 

in post-test self-efficacy between the two groups was statistically significant and indicated that the SG was 

more effective than the safety card in improving self-efficacy. These results support the adoption of SGs with 

arcade game elements in the safety domain: the application of engaging game elements had likely contributed 

to make players practice the correct behaviors to advance in the game, and even if the behaviors were 

practiced in a virtual, cartoon-like, and humorous context, the gained experience contributed to increase self-

efficacy towards aircraft emergencies. 

Of the two risk perception indicators that we explored, we found an interesting result for vulnerability. While in 

the Safety Card group the difference between pre-test and post-test was not significant, in the Serious Game 

group there was a significant increase in vulnerability after trying the experimental condition. This is likely due 

to the fact that, if participants did not follow the correct behaviors in the game, their character did not 

evacuate the aircraft in time, and the time pressure game element could have contributed to make participants 

more aware of their vulnerability. Notably, Cronbach’s alphas were relatively low for this questionnaire. They 

were low also in a previous study which used the same questionnaire (Chittaro, 2016), while they were high in 

a study that used the questionnaire from which the employed one was adapted (De Hoog et al., 2008). In our 

case, we found that the third item (i.e., the one about the probability of suffering negative consequences from 

the situation) had the lowest correlation in the scale. Indeed, its values were higher than those of the other 

items even before the experimental condition, and their differences between pre-test and post-test were not 

statistically significant. The lack of significant changes in the values of this item could be due to the fact that the 

safety card did not show the negative consequences of not following the behaviors, and the game showed 

them in a humorous way, as in many arcade games, avoiding the use of fear-inducing cues. The same 

observation could explain the lack of significant differences for both conditions in the means of severity, which 

were very similar between pre-test and post-test. In addition, the means of severity were high even before the 

experimental condition, and thus the lack of post-pre differences could also be partially explained by a ceiling 

effect. 

Finally, the study showed a positive correlation between engagement and post-pre difference in behavior 

agreement. More precisely, the higher was the engagement, the higher was the increase in behavior 

agreement, and this result was found despite the high pre-test scores in behavior agreement and the lack of 

significant differences between pre-test and post-test. Notably, the correlation was found when we considered 

all the participants, and when we considered only the Serious Game group, but not when we considered only 

the Safety Card group. A relation between engagement and agreement on correct behaviors was previously 

found for a game with safety-related in-game advertising (Burrows and Blanton, 2016). Unlike that game, 

which was a first-person shooter completely unrelated to the safety message contained in it, our study 

extended the finding to a SG that concerned the intended safety behaviors, and approached them in a 

humorous way by using game elements typical of arcade games. 



Overall, this first study showed that the SG was more engaging than the traditional approach based on a safety 

card, and that it was also more effective to increase self-efficacy and vulnerability. The higher was the 

engagement, the higher was the increase in behavior agreement, but significant post-pre differences in 

behavior agreement were not found probably due to a ceiling effect. 

 

5. Study 2 
The second study was exploratory in nature and focused on better understanding the effects of the SG with 

users who played it over a 1-week period in naturalistic settings. 

 

5.1 Aim 
The aim of this study was twofold: 

1. Assessing if the proposed approach could effectively deliver safety information about correct 

behaviors, wrong behaviors, and dangers during the evacuation of an aircraft. 

2. Broadly investigating the role of engagement by considering Csikszentmihalyi’s concept of flow 

experience, i.e., a situation of complete absorption or engagement in an activity (Csikszentmihalyi, 

1990), by administering the EGameFlow questionnaire (Fu et al., 2009). 

 

5.1 Materials 
Participants played the full 48-levels version of the SG on an Android smartphone. 

 

5.2 Participants 
The evaluation involved a sample of 38 participants (24M, 14F). Participants were volunteers who received no 

compensation, and were recruited through personal contact. Age ranged from 18 to 61 (M=29.87, SD=12.09). 

We asked participants to rate their frequency of use of video games on the same 7-point scale used in the 

previous study. Answers ranged from 1 to 7 (median=3; 11 participants never played video games, 4 played less 

than once a month, 5 played about once a month, 7 played several times a month, 5 played several times a 

week, 2 played every day for less than an hour, and 4 played every day for more than an hour). 

As in the previous study, we also asked participants to count their number of flights in the last two years. 

Answers ranged from 0 to 50 (M=6.05, SD=9.72). 

 

5.3 Measures 

5.3.1 Knowledge 

We asked participants the four questions reported in Table 2. The questions were about the same aviation 

safety topics addressed in the behavior agreement questionnaire described in Section 4. However, in this 

second study we did not measure agreement on listed behaviors, but we orally asked questions allowing for 

open answers to avoid possible ceiling effects due to the questionnaire. Questions Q1, Q2, and Q4 admitted a 

single correct answer each, while to correctly answer question Q3 participants had to list a total of six dangers 

and wrong behaviors. We counted the number of correct answers provided, so the knowledge score could 



range from 0 to 9. The experience of playing the game should have taught participants how to correctly answer 

the first three questions. It did not instead allow one to experientially learn the correct answer to the fourth 

question, because there was no “bend” command in the game and participants had to keep their character 

away from smoke, but we included the question to check if participants might be able to reason further about 

the situation. To measure changes due to the experimental condition, we asked the questions twice: before 

(pre-test) and after (post-test) the experimental condition. Mean pre-test knowledge score was 4.61 (SD=1.31). 

5.3.2 EGameFlow 

The EGameFlow questionnaire (Fu et al., 2009) assesses eight constructs concerning video games: i) 

concentration, i.e. how much the participant can remain concentrated on the game, ii) goal clarity, i.e. how 

much the goals of the game are clear, iii) feedback, i.e. quality of perceived feedback provided by the game, iv) 

challenge, i.e. how appropriate is the level of challenge and its increase as the participant progresses in the 

game, v) autonomy, i.e. sense of control on the game perceived by the participant, vi) immersion, i.e. how 

much the participant feels immersed in the game, vii) social interaction, i.e., how much the game becomes a 

mean to socially interact among participants, viii) knowledge improvement, how much the participant feels 

that the game helps in improving his/her knowledge. To assess these constructs, the questionnaire asks 

participants to rate a total of 42 items on a 7-point Likert scale (1=strong disagreement, 7=strong agreement) 

and averages the items for each construct to form reliable scales. Since our game had no social feature, we 

removed the items related to social interaction and administered participants a questionnaire with the 

remaining seven constructs for a total of 36 items. It is important to note that the first six constructs are 

present also in the GameFlow questionnaire (Sweetser and Wyeth, 2005), and are connected to 

Csikszentmihalyi’s concept of flow experience (Csikszentmihalyi, 1990), while knowledge improvement is a 

construct specifically added by (Fu et al., 2009) for games that can be used for learning. The last item of 

EGameFlow concerns an attitude, that is motivation to learn more (“I want to know more about the knowledge 

taught”). 

5.3.3 Maximum level reached and playing time 

The game automatically logged the number of the maximum level reached by participants, and the minutes 

they spent playing the game during the 1-week period. 

 

5.4 Procedure 
Data were collected from participants at two different times. The first time, the experimenter collected 

demographic information (gender, age, frequency of game use, and frequency of air travel) and assessed 

participants’ knowledge (pre-test). Then, the experimenter introduced the participants to the game, helped 

them installing it on their personal smartphone, and tried the first level together to check that participants 

understood how to play the game. Then, the experimenter told participants that they could play the game as 

much as they wanted during the next 7 days, and that they would be asked to answer some questions at the 

end of the 1-week period. After the week had passed, the experimenter re-assessed participants’ knowledge 

(post-test) to measure possible knowledge gain and administered the EGameFlow questionnaire. 

 

5.5 Results 
To compare knowledge scores before and after the 1-week period, we used one-way repeated measures 

ANOVA, with time of measurement (pre-test, post-test) as the within-subjects variable. Post-pre differences in 



single answers were instead analyzed using Wilcoxon signed-rank test. Finally, to test if there were relations 

between the assessed variables, we used Pearson’s correlation. 

5.5.1 Knowledge 

Before playing the SG, the mean knowledge score (Figure 8) was 4.61 (SD=1.31). After playing the SG, it was 

6.89 (SD=1.56). The difference was statistically significant, F(1,37)=65.91, p<0.001, ηp
2=0.64. Table 2 shows the 

mean scores for each specific correct answer at the beginning and at the end of the week, and indicates which 

differences were statistically significant. 

 

Figure 8: Knowledge before and after the week with the serious game. Capped vertical bars indicate ± SE. 

Table 2: Oral questions used to assess participants’ knowledge, correct answers (in italics), mean pre-test and 

post-test scores, and statistical significance of the post-pre difference. 

Question and answers Pre-
test 

Post-
test 

Significance 

Q1: In the emergency evacuation of a plane, to which exit should a 
passenger go first? 

- To the closest exit 

.50 .82 p=0.001 

Q2: If the exit that the passengers have reached is not usable, what 
must they do? 

- Locate and go to the closest usable exit 

.66 .97 p=0.001 

Q3: What dangers can the passenger encounter during the evacuation? 
Which passenger’s behavior can slow down the evacuation? 

 
 

 
 

 

- Smoke .05 .68 p<0.001 

- Fire .21 .74 p<0.001 

- Unruly passengers .53 .61 not significant 

- Panic .92 .61 p=0.001 

- People taking luggage .13 .66 p<0.001 

- Crowds (moving slow, crowded exits) .29 .55 p<0.05 

Q4: What should passengers do if they find themselves in smoke during 
the evacuation? 

- Bend down to prevent smoke inhalation 

.39 .45 not significant 
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5.5.2 EGameFlow 

The results obtained for the considered EGameFlow constructs were the following (Figure 9): i) concentration, 

M=5.58, SD=0.76, ii) goal clarity, M=6.26, SD=1.10, iii) feedback, M=6.04, SD=0.73, iv) challenge, M=5.11, 

SD=0.96, v) autonomy, M=4.77, SD=1.07, vi) immersion, M=3.45, SD=1.36, vii) knowledge improvement, M=5.14, 

SD=1.34. 

 

Figure 9: Participants’ average ratings of the considered EGameFlow constructs after the week with the serious 

game. Capped vertical bars indicate ± SE. 

 

5.5.3 Maximum level reached and playing time 

Maximum level reached by participants ranged from 10 to 48 (M=41.61, SD=9.64). The level was low (10 and 14, 

respectively) only for two participants. The remaining 36 participants reached level 29 or higher, and 21 

participants completed all 48 levels of the game. Playing time ranged from 11.83 to 159.62 minutes (M=47.39, 

SD=31.64). 

5.5.4 Correlations 

We examined possible correlations between EGameFlow knowledge improvement and the six constructs related 

to flow and engagement. We found a strong positive correlation between knowledge improvement and 

feedback, ρ=0.59, p<0.001. Knowledge improvement also positively correlated with autonomy, ρ=0.44, p<0.01, 

and immersion, ρ=0.43, p<0.01. Finally, some weaker correlations were found also with goal clarity, ρ=0.38, 

p<0.05, and concentration, ρ=0.35, p<0.05. 

Examining in more detail the item concerning motivation to learn more, we found significant correlations with 

immersion, ρ=0.48, p<0.01, autonomy, ρ=0.38, p<0.05, and feedback, ρ=0.35, p<0.05. Moreover, motivation 

correlated also with participant’s knowledge: a negative correlation was found with pre-test knowledge score, 

ρ=-0.34, p<0.05, and a positive correlation was found with knowledge gain (post-pre difference), ρ=0.40, p<0.05.  

 

5.6 Discussion 
Knowledge results indicated that participants knew only half the answers before using the SG, and that playing 

the SG over a 1-week period significantly increased their knowledge about the considered safety topics. Analysis 
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of each of the possible answers to the questions showed an improvement in all but two of the answers addressed 

by the game. The greatest improvement was found for the answer concerning smoke: before playing the SG only 

5% of participants mentioned smoke among the dangers in aircraft evacuations, while after one week the 

percentage of participants who mentioned it was 68%. There was only one answer (about unruly passengers) for 

which the increase was not statistically significant, and another one (about panic) where we surprisingly found a 

statistically significant decrease. Probably most participants associated panic to aircraft emergencies before 

using the game, but one week later some of them focused more on the physical dangers they saw in the game, 

and panic was not portrayed in any way by the game. There was an improvement on the question that was not 

directly addressed by the game (bending down in smoke), but it was not significant, probably because the game 

did not allow participants to give a bend command to the character, and thus practice the correct behavior. In 

general, we observed that the answers with higher improvements tended to be those related to the behaviors 

that participants could practice more in the SG. 

Since we did not ask participants to play as much as possible, but we instead asked them to play as much as they 

wanted in a naturalistic setting, the results concerning maximum level reached and playing time were 

encouraging in terms of the capability of the SG to keep participants engaged. The presence of several levels at 

increasing difficulty had likely contributed to increase playing time and maximum level reached. Indeed, all 

participants succeeded in the first easy levels and most of them were engaged by the increasing challenge, so 

they kept refining their skills to complete also the more complex levels. As a result, they spent time on the SG 

and performed (respectively avoided) the correct (respectively wrong) behaviors in the game several times to 

succeed. Since the answers with higher improvements were those related to behaviors that were practiced more, 

these results suggest that the presence of several levels at increasing difficulty could play a role in improving 

knowledge about correct behaviors, which in turn is fundamental to support attitude change towards them. 

The SG received positive ratings for all except one of the constructs from the EGameFlow questionnaire. 

Participants agreed that the goals were clear and that the game provided prompt feedback (average ratings to 

goal clarity and feedback constructs were above 6 in a 1 to 7 scale). Both these results are important in the 

context of attitude change because they suggest that the game clearly conveyed the message concerning what 

to do in an aircraft emergency, and that it promptly provided feedback about correct and wrong behaviors 

performed by participants in the game. Notably, most of the statements that contributed to the feedback 

construct were about the immediateness of feedback. Therefore, the fast pace of the game, due to the time limit 

and the presence of danger and unruly passengers, could have highly contributed to the results. Participants also 

agreed that they remained concentrated on the game, and that it helped them to improve their knowledge 

(average ratings to concentration and knowledge constructs were between 5 and 6). One could have 

hypothesized that the use of humorous, fun, cartoon game elements from the arcade genre could have been 

distracting and thus could have prevented participants to elaborate the serious message of the game, but these 

results instead suggest that participants remained concentrated and perceived the game useful for the serious 

purpose of improving knowledge. In addition, participants agreed that the level of challenge and its increase 

were appropriate (average rating above 5). This suggests that our SG effectively employed the typical arcade 

game element of having levels at increasing difficulty. Finally, participants agreed that they felt a sense of control 

over the game, but in this case the average rating was closer to the neutral value (between 4 and 5). The only 

construct whose average rating was lower than the neutral value was immersion, but this could be due to the 

fact that the game was played on small displays. This explanation would be supported by studies that showed 

how the type of display used can affect perceived immersion, for a concise survey see (Buttussi and Chittaro, 

2018).  



The analysis of correlations of EGameFlow constructs showed that engagement played a role on both the 

knowledge improvement construct and the specific item about participants’ motivation to learn more. In 

particular, it highlighted how both of them correlated with three different EGameFlow constructs, namely 

feedback, autonomy, and immersion. First, the more positively participants rated game feedback, the higher 

they rated knowledge improvement and the motivation item. These results suggest that the participants who 

better perceived the outcomes of their correct and wrong behaviors in the game, also felt more that they 

improved their knowledge, and were more motivated to further learn about the safety topic. Higher ratings for 

knowledge improvement and motivation were found also for participants who felt more sense of control over 

the game. A possible explanation for these correlations could be that participants who had more difficulties to 

understand why they failed some levels, and thus perceived less sense of control, were possibly frustrated and 

were less motivated to continue learning. However, further studies are needed to specifically address this 

correlation and support this explanation. Finally, participants who felt more immersed in the game, gave higher 

ratings to knowledge improvement and motivation. These results are particularly interesting because immersion 

ratings tended to be low, so there is much room for improvement. For example, experimenting with arcade game 

elements in virtual reality could be promising. 

The correlations between motivation to learn more and participant’s knowledge measured in pre-test and post-

test were also interesting: the less one knew about aviation safety before playing, or the more knowledge one 

gained by playing the game, the higher the rating of the motivation to learn item. The first correlation suggests 

that the SG was useful to motivate those who needed it most, i.e. those who probably would not have followed 

the correct behaviors in an aircraft emergency because they did not know about them. The second correlation 

adds that those who learned most from the game were also more motivated to keep learning about the safety 

topic, indicating a positive attitude. 

 

6. Conclusions and future work 
The use of arcade games elements for attitude change in gamification and SGs has been scarcely studied. This 

paper contributed to advance knowledge about the topic, by studying the immediate and 1-week effects of a 

SG that uses such elements to engage players, increase their knowledge, and foster attitude change in aviation 

safety. 

Overall, we showed that the SG could be more engaging than the traditional approach (safety card), and more 

effective to increase self-efficacy and perception of vulnerability to the considered risk. The game engaged 

participants also when used over a 1-week period in naturalistic settings, and was effective to increase 

knowledge about correct behaviors. Finally, we showed a role of engagement on attitudes, including 

agreement on correct behaviors and motivation to learn more. 

The discussions in the paper provided an outline of the role that arcade game elements could have played on 

the results: 

• The presence of several game levels of increasing difficulty offered an appropriate challenge that 

contributed to engagement, as confirmed by the time spent and the maximum level reached in the 

naturalistic settings, and by the positive ratings that participants gave to the EGameFlow challenge 

construct. 

• The fast pace, due to the levels time limit and the presence of danger and unruly passengers, allowed 

the SG to provide feedback that was perceived as immediate and was appreciated by participants as 



confirmed by the ratings they gave to the feedback construct of EGameFlow. Feedback, in turn, 

positively correlated with knowledge improvement and motivation to learn more. 

• The use of humorous, fun, cartoon characters did not distract participants, as confirmed by the high 

ratings they gave to the EGameFlow concentration construct. However, the humorous approach might 

have been the cause of the lack of significant changes in severity. 

The post-pre difference in severity was statistically significant in a study that evaluated a SG that used fear 

appeals for emergency preparedness in the domain of terror attack preparedness (Chittaro and Sioni, 2015). 

There was an increase in severity also in a SG that used fear appeals in the aviation safety domain, but the 

difference between the game and a safety card for this measure was only close to significance (Chittaro, 2016). 

Overall, these studies, together with (Chittaro and Buttussi, 2015; Buttussi and Chittaro, 2018), showed that 

the approach based on fear appeals can have a positive effect on engagement and on different measures 

related to attitude change (e.g., self-efficacy, locus of control, knowledge). However, fear appeals may also 

cause counterproductive defensive reactions (Ruiter, 2001) and not be appropriate for some users. For 

example, while some passengers who are comfortable with flying may underestimate the risks concerning 

aircraft emergencies and benefit from an approach based on fear appeals, people suffering from fear of flight 

may be frightened by SGs using fear appeals and also erroneously reinforce the wrong belief that aircraft 

emergencies are frequent. Similarly, while people can enjoy movies or games that depict aircraft disasters 

when they are at home, such materials are usually not included in the in-flight programs of airlines. When a 

fear-based approach may not be appropriate, the lighter, humorous approach based on arcade game elements 

that we proposed in this paper may be a valid alternative, since we found that it can engage users and have a 

positive effect on attitude change (including self-efficacy and knowledge about correct behaviors) despite the 

use of fun, cartoon characters instead of realistic, fearful simulations. Additional studies considering specific 

users and context (e.g., categorizing passengers based on the level of fear of flight) are required to assess when 

each approach is more appropriate. 

More studies are also needed to extend findings to other safety topics and to other domains. For example, we 

are working on a new SG about procedures to open emergency exits that requires a very fast response to 

presented situations (i.e. players have to apply the appropriate procedure to open different types of 

emergency exits within a few seconds for each). This new SG will allow us to further test some of the arcade 

game elements employed in the present SG (e.g. the fast pace) as well as additional game elements (e.g. an 

endless runner approach with a continuous sequence of exits that is interrupted on the first error). Additional 

studies will be needed to assess the effects of arcade game elements in different domains. 

Finally, since immersion promisingly correlated with motivation, and was one of the aspects of engagement in 

which the game could be improved more, we plan to explore the effects of arcade game elements also using 

immersive virtual reality, although this requires a thorough adaptation of the arcade game genre to take into 

account the different interaction techniques employed in immersive virtual reality. 
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