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Improving Knowledge Retention and 
Perceived Control through Serious Games: a 
Study about Assisted Emergency Evacuation 

Luca Chittaro 

Abstract— Digital games for education and training, also called serious games (SGs), have shown beneficial effects on 

learning in several studies. In addition, some studies are suggesting that SGs could improve user’s perceived control, which  

affects the likelihood that the learned content will be applied in the real world. However, most SG studies tend to focus on  

immediate effects, providing no indication on knowledge and perceived control over time, especially in contrast with nongame 

approaches. Moreover, SG research on perceived control has focused mainly on self-efficacy, disregarding the complementary 

construct of locus of control (LOC). This paper advances both lines of research, assessing user’s knowledge and LOC over 

time, with a SG as well as traditional printed materials that teach the same content. Results show that the SG was more 

effective than printed materials for knowledge retention over time, and a better retention outcome was found also for LOC. An 

additional contribution of the paper is the proposal of a novel SG that targets the inclusivity goal of safe evacuation for all, 

extending SG research to a domain not dealt with before, i.e. assisting persons with disabilities in emergencies. 

Index Terms— educational games, user interaction, user study, disability, training, safety  

——————————   ◆   —————————— 

1 INTRODUCTION

Digital games for education and training, also called seri-
ous games (SGs), have shown beneficial effects on learn-
ing in several research studies conducted in different do-
mains [18][16]. In addition, some studies are suggesting 
that SGs could improve user’s perceived control, which 
affects the likelihood that the learned content will be ac-
tually applied in the real world. Indeed, individual differ-
ences in perceived control are related to success or failure 
in a variety of life domains [52]. 

However, there are important aspects in both the 
learning and the perceived control lines of research that 
are still insufficiently explored and need further study. 
Considering learning, most current studies of SGs focus 
on immediate learning, providing no indication about re-
tention of the learned content over time. Only a few SG 
studies [1][11][20][29][46][56] contrasted retention over 
time of a SG vs. traditional educational materials, with 
four of them reporting that the SG produced a level of re-
tention superior to the traditional materials. Considering 
perceived control, SG research has mostly focused on the 
construct of self-efficacy, which can be defined as the con-
fidence of the individual in his/her ability to perform a 
behavior [3][4]. However, self-efficacy captures only one 
of the different aspects of perceived control in Skinner’s 

taxonomy [52]. Another fundamental construct is locus of 
control (LOC), which can be defined as the degree to 
which an individual perceives that the outcomes of the 
situations (s)he experiences are under his/her personal 
control, or under the control of external factors, such as 
fate, chance or the actions of other persons [47]. To the 
best of our knowledge, only one study [10] has focused 
on the immediate effects of a SG on LOC, suggesting that 
SGs might make people feel more in personal control of 
the outcomes of situations they do not feel confident 
about, which are frequent in health and safety. This moti-
vates the need for further, more thorough explorations of 
LOC in the SG context, which should go beyond immedi-
ate effects on LOC. 

This paper aims at advancing the body of knowledge 
on SGs, through the following contributions. First, it con-
siders a domain that has never been addressed before by 
SGs, and for which there is a need to improve perceived 
control as well as promote learning in the general public. 
The considered knowledge concerns how to help persons 
with disabilities in evacuating buildings during emergen-
cies. Diffusion of assisted evacuation knowledge in the 
general public would help in achieving the inclusivity 
goal of safe evacuation for all [5]. To this purpose, this 
paper proposes a SG that we designed, implemented and 
made freely available to the general public in on-line 
stores. Second, it illustrates a study of the proposed SG 
that: (i) measured knowledge retention after one week, in 
addition to immediate learning, (ii) contrasted the SG and 
traditional pictograms with text, i.e. the media typically 
used to teach people about emergency evacuations. Third, 
the study included an investigation of perceived control, 
focused on the LOC construct. 
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The paper is organized as follows. In Section 2, we in-
troduce previous SG research on knowledge retention 
and perceived control. In Section 3, we illustrate in detail 
the proposed SG. Section 4 and 5 respectively present the 
study and its results, while Section 6 discusses the results 
and Section 7 concludes the paper, outlining future work.  

2 RELATED WORK AND MOTIVATIONS 

The number of SG studies in the literature has reached 
the hundreds, and a large number of studies has been the 
object of meta-analyses [6][16][18] that have indicated a 
positive effect of SGs on knowledge acquisition as well as 
user’s engagement. This section focuses on two aspects 
that are very rarely investigated in the available studies, 
i.e. knowledge retention and perceived control over time. 

2.1 Effects of Serious Games on Learning and 

Retention 

A limitation of many SG studies is that they measure 
the learning effects of playing the SG, without including a 
comparison with traditional, nongame approaches. When 
such comparison is included, game conditions tend to 
significantly enhance learning relative to nongame condi-
tions and the effect varies across game design aspects 
such as game mechanics, visual and narrative features 
[16]. Unfortunately, the practical implications of this re-
sult are limited by the fact that most existing SG studies 
measure only immediate learning [6][16][18]. They fail to 
consider retention of the learned content over time, a 
fundamental factor in deciding which method to adopt in 

real-world education interventions. Indeed, to empower 
learners, interventions should help them acquire 
knowledge and skills that can be retained also after a pe-
riod of nonuse, minimizing the natural phenomenon 
known as knowledge and skill decay [2]. Therefore, there 
is a research need for studies that measure both immedi-
ate learning and retention over time, with both game and 
nongame conditions.  

Investigation of knowledge retention over time with 
SGs is in its infancy, and the number of studies is small 
(see Table 1). The most addressed domain of retention 
studies in the SG area is medicine [7][29][30][51][56]. Oth-
er topics that have been considered concern aviation 
[8][11], firefighting [46], occupational safety in construc-
tions [20], and children education [1]. In most studies, the 
minimum number of participants assigned to a group 
ranged between 24 and 40 [7][8][11][20][30][46], while it 
was respectively 50 and 58 in [51] and [29], and only 10 
and 13 respectively in [1] and [56]. Seven of the ten stud-
ies focus on retention at the temporal scale of weeks. The 
remaining three studies focus on a larger scale (months), 
but unfortunately two of them [7][51] do not evaluate the 
SG against nongame conditions, and the third [30] evalu-
ates the SG only as an adjunct to a traditional lecture, not 
as a standalone condition. This makes the three studies 
less informative in understanding what type of educa-
tional media can better mitigate knowledge decay. 

Six of the ten studies include a comparison of retention 
with a standalone SG versus traditional, nongame learn-
ing conditions: four of them [11][20][29][46] report supe-

TABLE I 

CATEGORIZATION OF PREVIOUS STUDIES ABOUT KNOWLEDGE RETENTION OVER TIME 

Study Compared conditions Topic Retention Findings 

Buttussi et al. 

(2013)  

no comparisons (SG condition 

only) 

Medicine: 

advanced life support 

after 3 months, acquired knowledge was largely 

retained 

Chittaro and 

Buttussi (2015) 

SG vs. traditional printed ma-

terials 

Emergency preparedness: 

aircraft cabin safety 

after 1 week, knowledge retention with the SG was 

full and higher than the traditional media 

Semeraro et al. 

(2017) 

no comparisons (SG condition 

only) 

Medicine: 

cardiopulmonary resuscitation 

after 3 months, acquired skills were largely retai-

ned 

Buttussi and 

Chittaro (2018) 

SG played on three different 

types of display: lower-fidelity 

headset vs. higher-fidelity 

headset vs. computer screen 

Emergency preparedness: 

aircraft cabin safety 

after 2 weeks, knowledge acquired through the SG 

was retained equally well regardless of type of 

display used 

Tubelo et al. 

(2019) 

SG vs. traditional printed ma-

terials 

Medicine: 

primary health care 

after 4 weeks, same level of retention in the SG and 

traditional media 

Din and Gibson 

(2019) 

Computer version of the SG 

vs. paper version of the SG vs. 

traditional lecture 

Occupational safety: 

constructions 

after (approximately) 2 weeks, higher retention of 

knowledge acquired through the SG computer 

version than paper version and traditional lecture 

Hu et al. (2021) Traditional lecture with vs. 

without the addition of the SG 

Medicine: 

Neonatal resuscitation 

after 6 months, retention was higher when the SG 

was added to the lecture than lecture only 

Rahouti et al. 

(2021) 

SG vs. traditional slide-based 

lecture 

Emergency preparedness: 

fire safety 

after 3 weeks, knowledge retention with the SG 

was higher than the traditional slide-based lecture 

Hu, Xiao, and Li 

(2021) 

SG vs. traditional lecture Medicine: 

COVID-19 

after 5 weeks, knowledge retention was higher 

with the SG than the traditional lecture 

Alrehaili and Al 

Osman (2022) 

SG played on headset vs. SG 

played on computer screen vs. 

traditional printed materials 

7th grade education: 

behavior of bees 

after 1 week, slightly higher retention of knowled-

ge acquired with the SG on computer screen than 

traditional media, no significant retention diffe-

rences between types of display 
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rior retention with the SG compared to the other condi-
tions, while one [1] reports only a slighter advantage of 
the SG, and one [56] does not find a significant difference. 
This inconsistency in the results can have different expla-
nations that might be related to the topic taught, game 
design, or study design, e.g. the two studies that found a 
small [1] or not significant difference [56] were those in 
which the minimum number of participants assigned to a 
group was smallest (only 10 and 13, respectively). 

It is interesting to note that two [1][8] of the ten studies 
focus on assessing if playing a SG more immersively with 
virtual reality headsets could affect outcomes, compared 
with less immersive displays. Buttussi and Chittaro [8] 
found that retention with the SG was equally good re-
gardless of the type of display used, and the display sig-
nificantly affected only player’s sense of presence. Simi-
larly, Alrehaili and Al Osman [1] did not find statistically 
significant differences between headset and computer 
screen. Although the results of the two studies suggest 
that the display on which the SG is played might not be a 
relevant factor for knowledge retention, more studies are 
clearly needed and this could be one of the different re-
search lines to be developed in SG retention research. 

Overall, the majority of the six studies that compared a 
standalone SG with nongame conditions suggest that SGs 
might produce a level of retention greater than traditional 
education materials. SGs might thus be a promising new 
tool for public educational campaigns, especially if the 
games are available on web sites and app stores, making 
it easier for users to play them at any time and place. The 
public SG we propose and evaluate in this paper is aimed 
at educating the general public about how to help people 
with disabilities in emergency evacuations, a domain 
never addressed before in SG research. 

2.2 Effects of Serious Games on Perceived Control 

More than fifty years of research demonstrated that 
perceived control is important to psychological function-
ing, and individual differences in perceived control are 
related to success or failure in a variety of life domains 
[47]. This led researchers to propose different control-
related constructs, see [52] for a taxonomy. Of these con-
structs, locus of control, originally proposed in Rotter’s 
pioneering work [48], and self-efficacy, developed by 
Bandura [3][4], are very frequently cited and capture two 
fundamental perspectives on perceived control. 

Rotter’s Locus of control (LOC) can be generally de-
fined as the degree to which an individual believes that 
(s)he has control over the outcome of events in life. Given 
a specific situation, an individual’s LOC can have an in-
ternal orientation (the individual perceives that she can 
exert control over the outcome of the situation) or an ex-
ternal orientation (the individual perceives that the out-
come of the situation is due to external factors, such as 
fate, chance, or the actions of other individuals). 

Bandura’s self-efficacy can be instead defined as the 
confidence of the individual in his/her ability to perform 
a behavior. Therefore, while Rotter’s construct stresses 
the importance that individuals believe that outcomes can 
be influenced by their behaviors, Bandura’s construct 

stresses the importance that individuals believe they are 
capable of producing the required behaviors [52]. 

Several studies have shown how both constructs are 
predictors of actual behavior in different domains: Ban-
dura [4] illustrates how different people with similar 
skills may perform differently depending on their level of 
self-efficacy, while Reich and Infurna [47] highlight how 
locus of control has an impact in several domains such as 
clinics, economics, health, and business. Since the domain 
of our SG concerns safety, it is worth noting that both 
constructs have been shown to be predictors of proper 
safety behaviors. Indeed, the literature describes positive 
associations between self-efficacy and safety, see [24][37] 
for summaries. Research about LOC in risky situations 
showed instead that internal LOC is a predictor of safer 
attitudes and behaviors. For example, Wuebker showed 
that internally-oriented workers have less occupational 
accidents than externally-oriented ones in industry [59] 
and hospitals [38]. Similar conclusions have been reached 
with civil aviation pilots [34][60] and military aviators 
[35]. Hoyt [28] showed that car passengers with an inter-
nal orientation are more likely to wear seat belts, while 
Montag and Comrey [44] related drivers’ internal LOC 
with safer driving, and a change in drivers’ LOC was 
shown to predict change in safe driving behavior [31]. 

Given the importance of perceived control, research 
has focused on identifying antecedents of control that can 
influence such perception in individuals [47][52]. In re-
cent years, SGs have been considered as a potential ante-
cedent of perceived control, but surprisingly SG studies 
have concentrated mostly on self-efficacy, inexplicably 
disregarding LOC. Studies on the possible effect of SGs 
on self-efficacy [8][12][14][15][19][32][33][43][46][55] agree 
that a SG can improve player’s self-efficacy concerning 
the behaviors taught. Four of these studies included a 
comparison with nongame conditions, suggesting that 
SGs can produce a larger self-efficacy improvement than 
traditional classroom instruction [33], e-learning [19], 
printed pictograms [12], and slide-based lectures [46].  

To the best of our knowledge, the only SG study that 
focused on LOC is reported in [10], and concerned a SG 
that taught the brace position passengers have to assume 
in aircraft emergency landings. The study considered two 
groups of 24 users each: one group learned the brace posi-
tion with the SG, the other with a traditional safety card 
pictorial as those used by airlines. Learning results indi-
cated a superiority of the SG over the safety card. LOC 
results showed improvement after playing the SG with an 
increase in internal orientation and a decrease in external 
orientation. On the contrary, there was no change in LOC 
in the safety card group. In other words, participants felt 
the outcomes of an emergency landing were more under 
their control after using the SG, not the safety card. Alt-
hough these results are promising, there is a clear need 
for more SG studies that might confirm them, also con-
sidering other domains. Moreover, it must be noted that 
the study in [10] assessed only immediate effects on learn-
ing and LOC, and not their retention over time. Finally. 
other facets of LOC are worth investigating. The study in 
[10] assessed LOC following Rotter’s original Internal and 
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External scales. However, it must be noted that more re-
cent LOC research has adopted finer distinctions. In par-
ticular, Levenson [41][42] has substituted External LOC 
with two separate components. Her approach measures 
LOC as the extent to which respondents believe outcomes 
of the situations they encounter are the result of their own 
actions (Internal scale), the acts of other individuals (Oth-
ers scale), or simply luck (Chance scale). It would thus be 
interesting to study the effects of SGs also using Leven-
son’s more detailed assessment. 

3 THE PROPOSED SERIOUS GAME 

The need for creating novel ways of educating the gen-
eral public about how to help persons with disabilities in 
evacuations emerged in a collaborative project involving 
our university, the regional medical emergency services, 
the firefighter corps, and several associations of persons 
with disabilities (see the Acknowledgment section for the 
full list). Initial meetings with first responders and the as-
sociations revealed that available education and training 
initiatives are based on non-interactive materials, and 
typically aimed at professional responders instead of the 
general public. We considered the development of a SG 
for the potential of making learning of assisted evacuation 
knowledge more attractive, engaging, comprehensible, 
and easy to remember. These are essential features for an 
intervention aimed at the general public but could benefit 
first responders as well. We decided that the SG should 
be capable of running on mobile devices to maximize its 
availability to users, since the number of smartphones in 
use significantly surpasses that of PCs, and at the end of 
2020 was three times larger [49]. 

To the best of our knowledge, the proposed SG is the 
first to deal with teaching how to help disabled persons in 
evacuations. The SG has been publicly released with the 
name Help! – The serious game, and is freely available on 
both Android [26] and iOS [27]. As of June 2023, its num-
ber of installations is 35000 (68% Android, 32% iOS). The 
language of the characters’ voices and the text in the 
game can be selected between English and Italian. 

3.1 Knowledge acquisition process 

The knowledge taught by the game was obtained and 
validated through a 2-stage process. In the first stage, we 
examined general documents about first response in the 
disability context, produced by different organizations 
such as the National Department of Firefighters in Italy 
[21] and the Center for Development and Disability in the 
US [9], and we had meetings with one of the authors of 
the Italian guidelines. The analysis of such documents al-
lowed us to identify a set of basic rules that any citizen 
should be aware of, because they can make a difference in 
guiding his/her behavior during an emergency that in-
volves persons with disabilities. In the second stage, we 
conducted meetings with the associations of persons with 
disabilities to discuss with them the knowledge we 
planned to include in the SG. This stage was especially 
useful to more thoroughly understand social aspects of 
the interaction with the person in the emergency, for ex-

ample how to properly address the person, and ac-
tions/words to avoid because they would make the per-
son uncomfortable. Such aspects were thus also included 
in the SG. 

3.2 Game design 

We initially organized the SG in 8 different levels (5 
dealing with motor disability, 3 with vision disability). In 
the game, players see their avatar in third-person view as 
in Figure 1 (the player’s avatar is the character wearing a 
white sweatshirt). To control avatar movement, we 
adopted the familiar type of interaction found in many 
mobile games: players can move their right thumb on the 
right part of the touchscreen to change avatar orientation 
and associated viewpoint, and the left thumb on the left 
part of the touchscreen to make the avatar move for-
ward/backward or strafe left/right. When actions con-
cerning objects or characters in the environment are 
available, an icon appears on the object or character (e.g., 
Fig. 1b, 1e, 1g, 1h, 1i). Touching the icon allows the player 
to perform the action. When there is more than one action 
available, the touched icon expands into more icons as 
shown in Fig. 1b, and the player can touch which action 
to perform. In all levels, if the player performs an action 
that is inappropriate at a given moment, the SG plays an 
error sound, flashes a red warning sign and explains the 
error with a short text message, e.g., Fig. 1f.  

The first level of the SG is set in a large gym (Fig. 1a, 
1b, 1c, 1d) where the player encounters an animated ped-
agogical agent (APA) representing a firefighter, and an-
other character (a person in a wheelchair). The APA 
speaks to the player to teach him/her the different types 
of actions (s)he should perform to effectively help the 
person in an evacuation. The voice of the APA is also sub-
titled (e.g., Fig. 1c, 1d). After each explanation of an ac-
tion, the APA invites the player to perform it. For exam-
ple, after explaining how the wheelchair should be 
pushed down the stairs, the player should actively push it 
(e.g., Fig. 1d), and the motion of the chair down the stairs 
reflects its real-world slow speed to prepare the user 
about what to expect in an actual evacuation. 

After the APA has presented all the knowledge con-
cerning motor disability scenarios, and the player has ex-
ecuted all the actions correctly, the next four levels are set 
in different types of emergencies (two earthquakes of dif-
ferent strength, two fires of different size) and involve dif-
ferent types of motor disability, two requiring a manual 
wheelchair (e.g., Fig. 1e), two a powered wheelchair (e.g., 
Fig. 1h), and different types of environmental threats such 
as smoke (e.g., Fig. 1f), heavy obstacles (e.g. Fig. 1l), risk 
of falling objects (e.g, Fig. 1l), broken glass, risk of electric 
shock (e.g. Fig. 1e), to be handled properly by the player. 

In the sixth level, the player is brought back to the 
training gym with the APA, but this time the third char-
acter has a visual disability (e.g., Fig. 1i), and the APA 
teaches how to handle evacuation of blind persons. Then, 
the next two levels are set in different types of emergen-
cies, earthquake (e.g., Fig. 1l) and fire, and involve differ-
ent types of threats, but this time the player should apply 
the knowledge concerning how to help blind persons.  
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While the levels depicting emergencies are played, a 
watch in the top right of the screen (e.g., Fig. 1e, 1f, 1h, 1l) 
shows time taken, which is an important factor in evacua-
tions. If the evacuation (or an action of the evacuation) is 

taking a long time, the game warns the user about it (e.g., 
Fig. 1h). Moreover, if the player ignores threats in the 
emergency or does not handle them appropriately, the SG 
plays an error sound, flashes a red warning sign and ex-

       
                                                      (a)                                                                                                              (b)  
                          

      
                                                   (c)                                                                                                              (d) 
 

      
                                                   (e)                                                                                                              (f) 
 

      
                                                   (g)                                                                                                              (h) 
 

      
                                                   (i)                                                                                                              (l) 

Fig. 1. Screenshots from different levels of the game. 
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plains the issue with a short text message (e.g., Fig. 1f). 

4 USER STUDY 

The between-groups study we conducted aimed at as-
sessing and comparing the effects of two different ways 
of teaching the considered knowledge: a group of partici-
pants used traditional printed materials (PM), i.e. picto-
grams with text, while another group used the SG.  

4.1 Participants 

The study involved 60 participants (28 F, 32 M), with 
various occupations. They were volunteers recruited 
through personal contact, and did not receive any com-
pensation. All participants were regular smartphone us-
ers, and were able to use mobile applications. We asked 
them to rate how familiar they were with helping persons 
with disabilities on a 7-point scale (1=not at all, 7=very). 
Participants were assigned to the two groups in such a 
way that: (i) each group had 30 participants (SG: 13F, 
17M; PM: 15F, 15M); (ii) the two groups were similar in 
terms of age (SG: M=27.97, SD=12.30; PM: M=28.87, 
SD=8.70) as well as familiarity with helping disabled per-
sons, which was very low (SG: M=2.17, SD=1.53; PM: 
M=2.53, SD=1.46). Each of these two variables was sub-
mitted to a one-way ANOVA that confirmed lack of sta-
tistically significant differences between the groups. Fre-
quencies of gender in the two groups were instead ana-
lyzed with a 2x2 chi-square test showing that there was 
no significant association between gender and group.  

4.2 Materials 

The SG group used the game described in Section 3 on 
an Android smartphone in Full HD resolution. Since par-
ticipants were Italian, language in the game settings was 
set to Italian. To prevent the introduction of confounding 
factors, the pictograms used in the PM group were creat-
ed by taking screenshots of the game, and the text includ-

ed in the pictograms was all and only the same text used 
in the SG group to describe what to do in assisted evacua-
tion. In this way, we avoided the confounding variables 
that are found in studies that employ printed materials 
with a graphical appearance and/or textual content dif-
ferent from the game. Concepts and actions were also 
presented in the same sequence of the game. This resulted 
in a set of 58 pictograms, each printed to appear in the 
same size of the screen used by the SG group. The printed 
document had a total of 15 pages, A4 size. 

4.3 Measures 

4.3.1 Knowledge  

To measure participants’ prior knowledge, how much 
it changed after exposure to the material, and how much 
was retained after 1 week, we used 13 questions about the 
different elements that both educational materials taught. 
To avoid suggesting possible answers (e.g., as in a multi-
ple-choice questionnaire), we asked participants to an-
swer the questions orally and we recorded the answers. 
Some questions asked to define a single concept (e.g., 
what is an evacuation chair?) or take a single choice about 
a situation (e.g., when should you push the wheelchair to 
help the person in the evacuation?), and were scored 1 if 
the answer was correct, 0 otherwise. Other questions 
asked to list multiple items (e.g., what threats do you 
have to stay away from during the evacuation?) or the 
different actions needed to achieve a goal (e.g., how do 
you help a person in a wheelchair to go down the stairs?), 
and the score was the number of correct items (or actions) 
that the participant was able to remember. The total score 
of the knowledge test was the sum of the scores of the in-
dividual questions, and could range from 0 to 31. 

4.3.2 Locus of Control  

To measure participants’ LOC concerning helping per-
sons with disabilities in emergencies, we adapted items 
from Levenson’s IPC scale [42] to our context, by intro-
ducing in them explicit mentions to evacuation aspects. 
We devoted four items to each of the three subscales, 
which respectively deal with the respondent’s perception 
of how much (s)he is responsible of the outcome of the 
emergency evacuation (INTERNAL subscale), how much 
the outcome depends on chance factors (CHANCE sub-
scale), and how much it depends on other people (OTH-
ERS subscale). We asked participants to indicate their lev-
el of agreement with each of the 12 items on a 6-point 
scale (1=strongly disagree, 6=strongly agree). Table 2 
shows the association between each questionnaire item 
and the corresponding subscale. For each subscale, an-
swers to the four items were averaged to form a reliable 
scale. Cronbach’s alpha at pre-test, post-test and reten-
tion-test was: .57, .67, .74 (INTERNAL); .71, .72, .81 
(CHANCE); .58, .60, .69 (OTHERS). 

4.3.1 EGameFlow  

EGameFlow [22] is an instrument that measures differ-
ent aspects of the user experience of educational games, 
and is organized into 8 subscales. One of the subscales 
concerns social interaction among players through the 

TABLE 2 
ITEMS OF THE LOCUS OF CONTROL QUESTIONNAIRE 

SUBSCALE If I find myself in an emergency evacuation 

with a person with a disability, succeeding in 

helping the person… 

INTERNAL … depends mostly on my ability 

CHANCE … is controlled by accidental happenings 

OTHERS …does not depend on me, but on firefighters 

and medical emergency services 

CHANCE … is mostly a matter of luck 

OTHERS …would be unlikely without the help of first 

responders 

INTERNAL … is determined by my own actions 

CHANCE … is a matter of fate 

OTHERS …would not end well if first responders were 

late 

INTERNAL … depends on how hard I try 

OTHERS …depends mostly on the person with a disabili-

ty 

CHANCE … depends on whether I’m lucky enough to be 

in the right place at the right time 
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game and thus does not apply to our case, because our SG 
is single-player. We thus administered the other seven 
subscales (a total of 34 items) to participants who used the 
SG. The subscales respectively concern: 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 im-
mersed in the game, vii) knowledge improvement, i.e. 
how much the participant feels that the game helps im-
proving his/her knowledge. EGameFlow asks partici-
pants to rate each item on a 7-point scale (1=strong disa-
greement, 7=strong agreement). 

4.4 Hypotheses 

Considering the results about knowledge of the three 
studies in the literature that compared retention with SGs 
vs. traditional printed materials, involving 24 or more 
participants per group [11][29][46], we expected to obtain, 
also in our different domain, a knowledge increase in 
both groups but a superior retention over time in the SG 
group compared to the PM group. Regarding LOC, the 
only study of LOC effects of a SG [10] found that the SG 
was superior to pictogram-based printed materials in im-
proving Internal and External LOC, but evaluated the ef-
fect only immediately after exposure and not over time. 
Considering the above mentioned promising evidence 
about knowledge retention, we expected better results on 
Internal LOC also over time. Since we adopted Leven-
son’s approach that does not consider Internal and Exter-
nal LOC as mutually exclusive dimensions (in which the 
increase of the first leads to a decrease of the second), and 
substitutes External LOC with the Chance and Others 
components, our study is exploratory in nature with re-
spect to these two components. Consideration of 
EGameFlow data is also exploratory, to highlight possible 
correlations between specific aspects of the user experi-
ence and possible improvements in knowledge or LOC.  

4.5 Procedure 

Participants were informed that we were testing dif-
ferent materials that illustrate how to help persons with 
disabilities in emergency evacuations. The experimenter 
obtained consent for participation, and for audio record-
ing of answers to the knowledge test. Participants were 
informed that they could refrain from continuing their 
participation in the study at any time and without the 
need to provide a reason. Then, the demographic ques-
tionnaire, the LOC questionnaire, and the knowledge test, 
were administered. After the pre-test measurements, par-
ticipants in the PM group received the printed materials 
and were asked to examine the content of all the pages 
completely and without time limitations. Participants in 
the SG group were given the smartphone with the SG and 
were asked to play all the levels completely and without 
time limitations. When the experimental condition was 

completed, we administered again the LOC questionnaire 
and the knowledge test to all participants. Participants in 
the SG group filled also the EGameFlow (before the LOC 
questionnaire, so that the game experience was as close in 
time as possible to the EGameFlow measurement). Partic-
ipants were thanked and asked for their availability to 
answer some additional questions one week later, with-
out specifying what those further questions were going to 
concern. After one week, participants were administered 
again the LOC questionnaire and the knowledge test.  

5 RESULTS 

For measures assessed over time (knowledge and LOC), 
we analyzed results using a 2x3 mixed design ANOVA, 
in which group served as the between-subjects variable 
and time of measurement served as the within-subjects 
variable. Effect sizes are reported as partial eta squared 
(ηp

2). Following [17], when a statistically significant inter-
action between group and time was found, we analyzed 
the effects of time separately for each group with repeat-
ed measures ANOVA, and the effects of group separately 
at each time of measurement with between subjects 
ANOVA. 

5.1 Knowledge 

Since Mauchly’s test indicated that the assumption of 
sphericity had been violated (χ2(2)=18.81, p<.001), degrees 
of freedom were corrected using Greenhouse-Geisser es-
timates of sphericity (ε=.781). Statistically significant re-
sults of the 2x3 ANOVA revealed a main effect of time, 
F(1.561, 90.549)=450.38, p<.001, ηp

2=.89, and a group by 
time interaction effect, F(1.561, 90.549)=19.27, p<.01, 
ηp

2=.11. Mean values are shown in Figure 2. For PM, they 
were 4.80 (SD=2.12) at pre-test, 17.17 (SD=4.01) at post-
test, and 15.23 (SD=4.33) at retention test. Mean values for 
SG were 3.60 (SD=1.75) at pre-test, 18.87 (SD=4.20) at 
posttest, and 17.57 (SD=3.91) at retention-test. Investiga-
tion of the interaction revealed a statistically significant 
effect of time on knowledge in both groups (PM: p<.001, 
SG: p<.001). Pairwise comparisons with Bonferroni test 
were statistically significant between pre-test and post-
test (PM: p<.001; SG: p<.001), pre-test and retention-test 
(PM: p<.001; SG: p<.001), post-test and retention-test (PM: 
p=.001; SG: p<.05). The difference in knowledge between 
groups was statistically significant at pre-test (p<.05) and 
retention-test (p<.05). 

5.2 Locus of Control 

Statistically significant results of the 2x3 ANOVA for 
Internal LOC revealed a main effect of time, 
F(2,116)=27.92, p<.001, ηp

2=.33, and a group by time inter-
action effect, F(2,116)=3.23, p<.05, ηp

2=.05. Mean values 
are shown in Figure 3. For PM, they were 4.55 (SD=.61) at 
pre-test, 4.99 (SD=.74) at post-test, and 4.81 (SD=.78) at 
retention test. Mean values for SG were 4.44 (SD=.71) at 
pre-test, 5.33 (SD=.63) at post-test, and 4.99 (SD=.88) at 
retention-test. Investigation of the interaction revealed a 
statistically significant effect of time on knowledge in 
both groups (PM: p<.01, SG: p<.001), and pairwise com-
parisons with Bonferroni test were statistically significant 
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between pre-test and post-test in both groups (PM: p<.05; 
SG: p<.001), while they were significant only in the SG 
group between pre-test and retention-test (SG: p=.001) 
and between post-test and retention-test (SG: p<.05). The 
2x3 ANOVA did not instead reveal any statistically sig-
nificant effects for the Chance and Others subscales. 

5.3 EGameFlow 

The EGameFlow results (Figure 4) were the following: 
i) Concentration, M=5.91, SD=.94, ii) Goal Clarity, 
M=6.23, SD=.97, iii) Feedback, M=6.30, SD=.79, iv) Chal-
lenge, M=5.02, SD=1.38, v) Autonomy, M=5.49, SD=1.13, 
vi) Immersion, M=4.11, SD=1.43, vii) Knowledge Im-
provement, M=6.16, SD=.83. We analyzed the possible 
correlations between the perceived characteristics of the 
user experience and the changes in knowledge and in In-
ternal LOC that occurred in players between pre-test and 
post-test, and between post-test and retention-test. Statis-
tically significant results indicated that perceived Chal-
lenge, Immersion, and Knowledge Improvement positive-
ly correlated with the difference in knowledge observed 
between pre-test and post-test. The correlation was medi-
um for Challenge (ρ=.39, p<.05), and large for Immersion 
(ρ=0.58, p=.001) and Knowledge Improvement (ρ=0.59, 
p=.001). Since players’ knowledge increased between pre-
test and post-test, the three constructs are related to a 
larger increase in knowledge between pre-test and post-
test.  

Challenge, Immersion, and Goal Clarity positively cor-
related with the change in Internal LOC that occurred in 
players between post-test and retention-test (Challenge: 
ρ=0.46, p=.01; Immersion: ρ=0.37, p<.05: Goal Clarity: 
ρ=0.38, p<.05). Since player’s Internal LOC decreased be-
tween those two times, the three constructs are related to 
a smaller decrease (that is, a larger retention) of Internal 
LOC between post-test and retention-test.  

6 DISCUSSION 

Participants in both groups had statistically significant 
greater knowledge at post-test rather than pre-test and, 
although they both suffered a natural knowledge decay 
after one week, it was small and their knowledge re-
mained significantly greater at retention-time than pre-
test. However, participants who had used the SG retained 
a greater level of knowledge than those who used printed 
materials, confirming our hypothesis on the positive role 
of the SG on knowledge retention. The fact that partici-
pants in the SG group started at a statistically significant 
disadvantage in knowledge at pre-test time, with slightly 
less knowledge than the PM group, further highlights the 
greater effectiveness of the SG over printed materials. 
Knowledge results confirm our hypothesis, reinforcing 
the conclusions of [11][29][46], and extending them to a 
new domain. Overall, knowledge results suggest that ad-
vantages of SGs in learning become more evident over 
time, with a mitigation of the natural phenomenon of 
knowledge decay [2], which is important for real-world 
interventions. Unlike other studies, the comparison with 
the nongame condition in our study was designed in a 
highly controlled way, as described in section 4.2. As a 
result, the factor that played a role in determining the bet-
ter performance of the SG is the difference between the 
two types of media (PM and SG) that was allowed by our 
design, i.e. the interactive nature of the relationship be-
tween user and material. Participants in the PM group 
were indeed exposed to a set of printed pictograms that 
covered all the same topics of the SG by employing exact-
ly the same graphics and text of the SG (obtained by tak-
ing screenshots of the game) and following the same se-
quence of presentation of the SG. Participants in the SG 
group actively controlled one of the characters in that 
same graphical environment (with the addition of sound) 

 
Fig. 2. Means of knowledge. Capped vertical bars indicate ± SE.  

 
Fig. 3. Means of Internal LOC. Capped vertical bars indicate ± SE.  

 

Fig. 4. Means of EGameFlow. Capped vertical bars indicate ± SE.  
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and received the same text messages. It is worth noting 
that isolating contributing factors is more difficult in the 
other studies that compared retention with a SG and a 
nongame condition, because they did not have this level 
of control, and thus their experimental conditions includ-
ed a larger number of differences, which can confound 
results. More specifically, the study in [11] compared a 
small set of pictograms with a SG that did not match the 
pictogram sequence, and contained a more extensive nar-
rative and content (relayed through voice and text feed-
back); in [1], participants in one group read text in a book-
let, while the other group did something very different 
(performing flights as a bee in a virtual environment that 
kept text short and concise); in [56], one group read a 
(2600-word) booklet, while the other group had to con-
sider clinical cases with fictional characters in the SG and 
diagnose them; in [29], one group listened to a university 
lecture, while the other group screened and attended pa-
tients in the SG; Rahouti et al. [46] also compared a (slide-
based) lecture with a SG in which participants navigated 
a visual replica of their real working place and followed a 
storyline. 

Regarding perceived control, participants in both our 
groups had a statistically significant greater Internal LOC 
at post-test rather than pre-test. However, after the 1- 
week decay that occurred, only the SG group, and not the 
PM group, was able to retain a statistically significant ad-
vantage in perceived control at retention-test with respect 
to pre-test. It might also be worth mentioning that the dif-
ference in Internal LOC between the two groups at post-
test time approached significance (p=.059). The positive 
effect of the SG on Internal LOC is consistent with the on-
ly other study of a SG on LOC [10]. However, that study 
considered LOC only immediately after playing, while 
we extended the result by showing that improvement in 
LOC persists after 1 week only in the SG group, a more 
interesting finding for real-world interventions. There 
were instead no statistically significant effects concerning 
the Chance and Others subscales. Unlike Internal LOC, 
this result cannot be compared to [10] because that study 
relied on External LOC as a single construct in Rotter’s 
tradition, while we used Levenson’s two-components 
measure of external factors (see Sections 2.2 and 4.4). 

The obtained LOC results suggest that SGs could help 
improve Internal LOC outcomes of an educational inter-
vention. It would be interesting to identify which features 
of the SG gave it a superior capability with respect to 
printed materials. As mentioned before, the difference be-
tween the PM and the SG condition in our study consist-
ed in interactivity. However, some features of interactivi-
ty could be more important than others. The literature on 
the relationships between SGs and self-efficacy has ar-
gued that enactive learning, supported by the interactivi-
ty of SGs, is an important mechanism that can explain 
how playing a SG can result in self-efficacy increase [39]. 
According to Social Cognitive Theory [3][4], in enactive 
learning the participant learns from the consequences of 
his/her actions, and when they end up in success, the re-
sulting mastery experience promotes self-efficacy. Alt-
hough our study concerned locus of control, not self-

efficacy, it must be noted that the two constructs capture 
two different and fundamental aspects of the higher-level 
construct of perceived control [47][52]. It is thus reasona-
ble to hypothesize that enactive learning and mastery ex-
periences can be in the same way an important mecha-
nism behind the positive effect of the SG on Internal LOC. 
More specifically, actively controlling the character can 
emphasize players’ ability in choosing and performing, in 
the virtual world of the game, the behaviors that deter-
mine the successful outcome in the considered situations, 
while printed materials do not allow to do that. Moreo-
ver, some authors who studied self-efficacy have stressed 
that self-identification with the SG character could be an 
especially important mediator in the relationship between 
interactivity and self-efficacy [40][45]. Future studies on 
LOC with SGs could include measurement of self-
identification, e.g. by using the Player-Avatar Identifica-
tion scale [40]. If a significant role emerged, it could be-
come worthwhile to introduce avatar personalization fea-
tures in the SG with the aim of improving positive effects 
on LOC.  

Regarding the correlations between the EGameFlow 
subscales and the changes in knowledge and Internal 
LOC of players, the first two reported correlations con-
cerning knowledge might suggest a relevance of Chal-
lenge and Immersion of the game experience, while the 
third correlation shows that participant’s subjective per-
ception of being helped by the game in learning correlat-
ed with actual knowledge increase, suggesting an aware-
ness in players of the positive effect of playing the game 
on knowledge. 

The correlations concerning Internal LOC confirm the 
special role of Challenge and Immersion, and might sug-
gest a greater relevance of those two features of the game 
experience, together with Goal Clarity, for the desired 
outcome on player’s LOC. Overall, Challenge and Immer-
sion were the two aspects related to both knowledge and 
Internal LOC outcomes. In a systematic review of SG 
studies [36], challenge came out as the most commonly 
cited aspect that could promote engagement and learn-
ing. It is worth noting that the Immersion construct of the 
EGameFlow is instead different from the immersion and 
presence constructs [50][53] often used in the literature 
about 3D environments. Immersion in EgameFlow refers 
to how much players become involved in the game, and 
lose track of time and space [23]. The correlation obtained 
aligns thus to the discourse on learner’s engagement in 
SGs and its possible positive outcomes in education [36].  

Regarding the specific educational content, which con-
cerned assisted evacuation, a limitation of the study is 
that it considered knowledge about motor and vision dis-
abilities, but not hearing and cognitive disabilities. We are 
currently working on hearing disabilities, and the public 
release of the SG has been extended with three levels that 
begin to address it, bringing the total number of levels to 
11. However, teaching how to communicate in sign lan-
guage with a deaf person in a SG is technically more 
complex to implement because sign language is not uni-
versal, but country-dependent. Therefore, unlike the lev-
els described in this paper, which are universally valid 
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and could be easily subtitled and/or dubbed in any lan-
guage, a different level with different animations should 
be built for each sign language in the world. The three 
hearing disability levels we have added to the game cur-
rently contain animations in one sign language, but there 
are 300 sign languages in the world [57]. 

6 CONCLUSIONS 

This paper contributed to research about learning and 
retention with SGs by showing that a SG was more effec-
tive than traditional printed materials to promote 
knowledge retention over time, reinforcing conclusions of 
previous studies and extending them to a domain that 
had not been addressed before, i.e. helping persons with 
disabilities in emergencies. To this purpose, the paper 
proposed and described a novel SG that we made availa-
ble for download to the general public [26][27]. A third 
contribution of the paper is that we extended the investi-
gation to possible changes in user’s locus of control as a 
result of playing the SG. This topic had been considered 
by only one study, and that investigation was limited to 
immediate effects without considering retention. Our re-
sults confirmed superiority of the SG over printed mate-
rials also on LOC outcomes over time. In addition to the 
on-going extension to hearing disability (sketched in the 
previous section), our future work will consider cognitive 
disabilities. In particular, emergencies are a notable ex-
ample of uncertain experiences in which cognitive disa-
bility can lead to unpredictable and often counterproduc-
tive behavior that rescuers have difficulty in understand-
ing and managing. An interactive simulation could be an 
ideal educational tool to familiarize with such circum-
stances and how to handle them. 

A promising line of research would be to study the ef-
fect of repetitive playing: while in our case participants 
played the game just once, one could conjecture that re-
petitive playing over time could both lead to greater gains 
in knowledge and LOC and to better consolidation of the 
gains over time. Such repetitive exposure research could 
also explore another potential benefit of SGs: while peo-
ple could be less motivated to periodically re-examine 
printed materials, a SG that is able to provide a good level 
of engagement might make them more willing to rehearse 
the procedures periodically in the game environment. 

To extend the scope of the proposed SG as a tool to 
teach assisted evacuation, we are also considering the in-
clusion of new scenarios with further environmental and 
operational barriers. In particular, assisted evacuation of 
aircraft would be an especially relevant and challenging 
scenario. In previous work [13], we created a SG to teach 
how to deal with aircraft emergencies involving passen-
gers without disabilities, and we could build on that ex-
perience to introduce different aircraft types as new envi-
ronments of the assisted evacuation SG. However, the 
development of this new content should take into account 
expert guidance that is currently being drafted by avia-
tion regulatory authorities [22]. More generally, another 
possible development could be the inclusion of the pres-
ence of a crowd in enclosed environments: this would be 

useful to introduce issues such as exit visibility, social in-
fluence and bounded rationality, e.g. [25] [58].    

The study conducted in this paper could be extended 
by collecting naturalistic data online from a larger sample 
of players who have installed the SG on their devices. Fol-
lowing the approach described in [13], the analysis of 
wrong and right actions of a very large sample of players 
could allow to better assess learning needs of the general 
public as well as to study competence gain over time and 
identify which features of the game experience are more 
or less effective. In addition, recording the movement of 
players in the environments reproduced by the game 
would allow us to feed that data to deep learning systems 
that are used with real-world movement data, see e.g. 
[54], to predict and simulate players’ behavior. 

Finally, the possibility of personalizing characters’ ap-
pearance mentioned in the discussion could be explored 
up to the level of creating a digital twin of the player. This 
would support two different research directions. First, we 
could use the player’s digital twin as his/her controlled 
character that helps the person with disabilities, and as-
sess if this can lead to improvements in perceived control 
outcomes with respect to using a generic character as the 
current game does. Second, the player’s digital twin could 
be instead used to represent the person with disabilities 
that the player has to help, and we could assess if this can 
lead to improvements in player’s empathy towards per-
sons with disabilities. 
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