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Humor and Fear Appeals in Animated
Pedagogical Agents: An Evaluation in
Aviation Safety Education

Fabio Buttussi and Luca Chittaro

Abstract—Humor and fear appeals are widely employed in traditional communication for educational purposes, but their
exploitation in animated pedagogical agents has been scarcely explored. We studied the use of humor and fear appeals by a
three-dimensional animated pedagogical agent that taught the same procedural knowledge in four conditions: i) humor appeal,
ii) fear appeal, iii) humor and fear appeal together, or iv) no emotion appeals. The agent delivered and illustrated the knowledge
in an application for aviation safety education. The results of our study show that using the educational application had overall
positive learning effects, regardless of the appeals used by the agent. Resort to humor and fear appeals by the agent affected
instead participants’ mood, liking of the application, and perception of the agent. The paper includes a discussion of the
advantages and disadvantages of using humor and fear appeals in animated pedagogical agents.

Index Terms—Animated agent, pedagogical agent, embodied agent, virtual agent, emotion appeal, humor, fear, education,

user evaluation, aviation safety

1 INTRODUCTION

NIMATED pedagogical agents (APAs) are lifelike au-

tonomous characters that cohabit learning environ-
ments with students to create rich, face-to-face learning in-
teractions [1]. Emotions are increasingly considered as an
important factor of APAs. In particular, APAs can express
emotions (e.g., in [2], [3], [4]), or consider students” emo-
tions to adapt the educational content in affective tutoring
systems (e.g., in [5], [6], [7]).

In traditional education, researchers have been study-
ing the effects of appealing to emotions for more than sixty
years. In particular, the use of humor by human educators
was found to attract and maintain students’ interest and
attention [8], relieve tension [9], increase perception of ed-
ucator’s likeability [10], and improve students” motivation
[11]. Fear appeals were used especially in health and safety
education, and under certain circumstances they were
found to be effective in improving attitudes towards and
engagement in healthy and safe behaviors [12], [13], [14].
Humor and fear appeals are instead scarcely explored in
APAs.

This paper studies the use of humor and fear appeals by
a three-dimensional APA that taught the same procedural
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knowledge in four conditions: i) humor appeal, ii) fear ap-
peal, iii) humor and fear appeal together, or iv) no emotion.
The APA is part of an application for aviation safety edu-
cation. In this education domain, as well as other health
and safety education domains (e.g., disease prevention, oc-
cupational safety,...), people often tend to underestimate
the risks and not to pay the required attention to traditional
lessons and educational materials (e.g., [15], [16], [17]).

The paper aims at advancing knowledge in two main
directions. On one hand, we want to assess if humor and
fear appeals in APAs could affect learning and knowledge
transfer. On the other hand, we want to explore the possi-
ble effects of the considered appeals on perception of dif-
ferent aspects of the APA, on liking of the application, and
on participants’ mood, which is a factor that could affect
performance of the taught procedures [18]. Notably, this is
the first study that considers the use of humor and fear ap-
peals by APAs as two independent variables, analyzing
the four possible conditions, including the one in which
humor and fear appeals are used together, and assessing
the possible interactions between humor and fear appeals.

The paper is organized as follows. Section 2 presents
background information about humor and fear appeals in
education, and related work about emotions in APAs. Sec-
tion 3 illustrates the APA we developed. Section 4 de-
scribes the study. Section 5 and 6 report and discuss re-
sults. Finally, Section 7 concludes the paper, outlining fu-
ture work.

Published by the IEEE Computer Society
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2 BACKGROUND AND RELATED WORK

2.1 Humor in Education

The use of humor in classroom education has been the ob-
ject of several studies. The review by Banas et al. [19] de-
fines different types of humor, outlines the main theories
and findings from several studies, and provides educators
with practical advice about using humor in the classroom.
Humor has been defined as the communication of incon-
gruities that are amusing in some manner [20], and the use
of both verbal and nonverbal communication to elicit
laughter and joy [21]. Torok et al. [22] distinguished be-
tween positive types of humor (e.g., jokes) and negative ones
(e.g., aggressive humor), and found that positive types of
humor were generally recommended by students, while
only sarcasm was recommended among negative ones.
Wanzer et al. [23] distinguished between humor that is ap-
propriate in education (appropriate humor) and humor that
is not (inappropriate humor). Banas et al. [19] identified pos-
itive types of humor that are always appropriate, negative
ones that are always inappropriate, and positive and neg-
ative ones whose appropriateness depends on the context.
Humor related to class material (related humor) was gener-
ally considered as the most appropriate one in [24]. Indeed,
related humor does not distract students from the instruc-
tional message and can make information more memora-
ble [19].

Among the general theories of humor, the Instructional
Humor Processing Theory (IHPT) [25] focuses on humor
in education. It proposes that students need to perceive
and then resolve the incongruity in the humorous mes-
sage. If the incongruity is not resolved, humor may lead to
confusion or distraction. If the incongruity is resolved but
humor creates a negative affect, or if it creates a positive
affect but it does not enhance the ability to process the ed-
ucational content, then humor will have negative or no im-
pact on learning. Finally, if humor creates a positive affect
and enhances the ability to process the educational con-
tent, then it will lead to learning and retention. A study [25]
showed that appropriate humor positively correlates with
learning, while inappropriate humor does not. Other stud-
ies (e.g., [26]) found that students were confused by hu-
mor, and others (e.g., [11]) found no effect of humor on
learning. Ziv [27] observed that if humor is not related to
the taught content, it is not expected to improve learning
and may also be remembered better than the content.
Moreover, he observed that many studies did not conduct
manipulation checks to assess if humor was perceived as
funny. To support learning, Ziv suggested this sequence: i)
introduce the concept, ii) illustrate it with a joke, and iii)
paraphrase the concept after students stop laughing. Dif-
ferent studies showed that the use of humor can increase
perception of educator’s likeability [10] and credibility
[11], but not perceived expertise [10], [11]. However, too
much humor can also diminish educator’s credibility and
the use of negative humor can negatively affect evalua-
tions received by educators [22]. Humor can relieve ten-
sion especially on anxiety-provoking topics [9], and fre-
quent short bursts of humor were suggested to attract and
maintain students’ interest and attention [8].

Although Banas et al. [19] suggested as future research
direction the integration of humor into education through
online classes and other technologies for learning, very lit-
tle research has focused on this topic. Houser et al. [11] con-
sidered video lessons delivered by means of CD-ROMs,
and found that humor had no significant effect on student
learning, but it significantly improved students’” motiva-
tion and perceptions of instructor credibility. Humorous
aviation safety education videos used as pre-flight brief-
ings were found to positively affect mood, but greater en-
tertainment was also associated to poorer retention of the
safety messages [28]. In the same domain, a serious game
based on arcade game elements, including humorous situ-
ations with cartoon characters, was found to engage users
and increase knowledge about correct and wrong behav-
iors in aircraft emergencies [29]. A recent study [30] com-
pared traditional lessons about basic concepts of infor-
mation technology with or without the use of humor and
cartoons. Results showed that humor and cartoons im-
proved students’ attitudes toward the lesson, decreased
anxiety, and positively affected knowledge retention. Un-
fortunately, there are only a few studies about the effects
of humor used by APAs, as we will describe in Section 2.3.

2.2 Fear Appeals in Health and Safety Education

Fear appeals are persuasive messages designed to scare
people about risks and negative consequences of specific
actions with the aim of changing people’s attitudes and be-
haviors [13], [31], [32]. Fear appeals have been widely used
in health and safety education. Examples include educat-
ing people about sun protection to prevent skin cancer [14],
hygiene procedures to limit the spread of avian influenza
[33], proper driving behaviors to avoid car accidents [34],
risks of tobacco and alcohol abuse [35], [36], self-protection
procedures in terror attacks or aircraft emergencies [37],
[38], [39].

To understand when fear appeals are successful or not,
psychologists studied how people respond to information
and recommendations about risks. In particular, two lead-
ing theoretical models, the Extended Parallel Process
Model [32] and Protection Motivation Theory [40], point
out that people’s perception of the risk and the actions sug-
gested to avert it are key factors for the effectiveness of fear
appeals. In particular, fear appeals must highlight the se-
verity of the risk and the vulnerability of the message recip-
ient to the risk. If people perceive the risk as not severe or
perceive themselves as not vulnerable to it, then the mod-
els predict they will not feel threatened, and will not be
motivated to consider how to cope with the risk. Moreover,
fear appeals must highlight that there are effective actions
to avert the risk (recommendation efficacy), and that people
are capable of performing such actions (recommendation
simplicity). If people perceive the actions as ineffective or
perceive themselves as not capable of performing them,
then the models predict that people will try to reduce neg-
ative emotions induced by threat through processes such
as risk denial and defensive reactions, which are detri-
mental to learning proper behavior. Numerous studies in-
vestigated the effects of fear appeals presented through
print or video advertising (e.g., [14], [35], [36]). Recently,



researchers started to explore the effects of fear appeals in
digital media such as Web-based education [33] and seri-
ous games [37], [38], [39].

2.3 APAs and Emotions

APAs are the combination of two ideas from previously
distinct research areas: animated interface agents for hu-
man-computer interaction, and knowledge-based learning
environments [1]. The area of animated interface agents
devoted considerable effort to embodied conversational
agents (ECAs) that aim at having the same properties as
humans in face-to-face conversation such as recognizing
verbal and non-verbal input, generating verbal and non-
verbal output, and giving signals that indicate the state of
the conversation [41]. APAs can be created both as ECAs
(conversational APAs) and animated interface agents that
do not engage users in conversations (non-conversational
APAs).

Emotions in animated agents have been mainly studied
in the context of ECAs. Since the early proposals, APAs in-
cluded support for non-verbal communication that also al-
lowed them to convey some emotions. For example, sum-
marizing previous work, Johnson et al. [1] highlighted the
importance of eye-gaze to regulate turn-taking, head nods
or shakes to provide positive or negative feedback, and fa-
cial expressions such as smiles to indicate agreement or
pleasant surprise in response to students finishing their
tasks. This section focuses on studies that investigated
emotions in the context of APAs. For example, Mao and Li
[7] found that APA expressiveness influenced students’
satisfaction. Chen et al. [42] found that an empathic APA
increased students’ willingness to continue reading and
complete exercises. Baylor and Kim [4] studied the effects
of facial expressions and gestures on both attitudinal in-
struction (changing students” beliefs regarding intellectual
property) and procedural instruction (learning how to per-
form tasks within a software program). Interestingly, they
found that for attitudinal instruction, participants learned
more when the APA face expressed emotions but deictic
gesture was absent, while for procedural instruction, stu-
dents learned more when the APA gestures were present.
Beale and Creed [43] reviewed studies that focused on af-
fective aspects of APAs. Unfortunately, they found incon-
sistent results for the educational domain. In [3], APAs that
displayed emotions (emotional APAs) were rated more
positively than unemotional ones. In [44], APAs with
higher levels of emotional intelligence were no better than
those with lower levels of emotional intelligence at creat-
ing a social relationship with subjects. In [2], an emotional
APA was perceived to be less helpful than an unemotional
one. In [45], an emotional and an unemotional APA were
not different in terms of perceived entertainment, diffi-
culty, and distraction, but the emotional APA was per-
ceived to be more sympathetic and enhanced concentra-
tion and motivation.

Very few APAs used elements of humor. For example,
the APA in [46] used some quirky asides that were well
perceived by users, and the APA in [47] fidgeted when it
was dragged across the screen. In [48], an APA with enthu-
siastic feedback and sense of humor was compared with
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the same APA without these features, and the results
showed a modest increase in users’ self-efficacy. The APA
in [49] welcomed users with an opening joke, then it taught
a history lesson in three parts of 10-15 minutes each. After
each part, it produced a humorous performance from a da-
tabase of humorous riddles and funny pictures. The APA
also empathically reacted to users’ emotions, which they
reported by means of emoticons. The use of humor and
empathy was found to improve learning and motivation.
Unfortunately, no study considered the use of humor and
fear appeals as two independent variables to assess the
possible effects and interactions on learning, perception of
the APA, and students’ mood.

3 THE PROPOSED APA

In this section, we describe a non-conversational APA that
can teach procedures using different kinds of emotion ap-
peals. The APA organizes a lesson about a procedure in the
following four phases:

1. Introduction. The APA welcomes users and ver-
bally introduces the procedure.

2. Demonstration. The APA demonstrates and ver-
bally describes the sequence of steps the procedure
is made of.

3. Practice. The APA asks users to interact with it
and/or the virtual environment to perform first-
hand each step of the procedure. During this phase,
the APA monitors users” interaction, and provides
users with feedback. The feedback about each
user’s attempt to complete a step is provided imme-
diately after the attempt. More precisely, if users
complete a step correctly at the first attempt, the
APA provides them with a positive feedback about
correct step completion. If users fail at the first at-
tempt, the APA tells them that they did not perform
the specific step correctly. If users fail at subsequent
attempts, the APA demonstrates and verbally ex-
plains how to perform the step. If users complete a
step correctly after one or more failed attempts, the
APA acknowledges step completion.

4. Final feedback. The APA gives a verbal feedback
about the entire practice phase in terms of errors
and/or time to complete it. More precisely, the
APA informs users: i) if they made errors, or ii) if
they made no errors, but spent too much time to
perform the procedure, or iii) if they completed the
practice phase correctly and quickly. After the first
practice phase, the APA invites users to try a sec-
ond time. If users accept, the APA restarts the prac-
tice phase. Otherwise, the lesson concludes.

The behavior of the APA at the abstract level above is
defined by a set of general if-then rules, that can be applied
to any procedure contained in a database. Procedures are
defined by specifying the steps they are made of, and the
associated APA demonstrative animations, spoken sen-
tences, body language, and facial expressions. In this way,
we can make changes limited to the emotion-dependent
parts of the database to have the APA teach the same pro-
cedures using different kinds of emotion appeals.
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A)

Fig. 1. Screenshots of the APA demonstrating how to place A) the feet, B) the head, and C) the hands.

For the study, we developed four variants of a lesson
that teaches the brace position, i.e. the position that passen-
gers should assume to protect themselves during an emer-
gency landing. In all four variants, the procedure is made
of three steps, demonstrated by the APA: how to place the
feet (Fig. 1A), then the head (Fig. 1B), and finally the hands
(Fig. 1C). Therefore, during the practice phase, the APA
asks users to act on its feet, then its head, and finally its
hands, placing them in the correct positions. The four var-
iants differ in the use of emotion appeals, which involves
some spoken sentences, body language, and facial expres-
sions used by the APA.

The spoken sentences were recorded in the native lan-
guage of the study participants (Italian). For reader’s con-
venience, this paper provides their English translation.
Since humor is often dependent on cultural context, we
will provide the additional contextual details where neces-
sary.

The first variant does not use any emotion appeal. The
APA goes through the different phases without displaying
any emotion (neither positive nor negative) in its words,
voice, body language, and facial expressions (see for exam-
ple Fig. 2A). The content of each phase is the following;:

1. Introduction. The APA welcomes users, says that it
will explain an important procedure, and points out
that an emergency landing is rare, but requires at-
tention. Then, it says that users should prepare
themselves by learning the brace position.

2. Demonstration. The APA demonstrates and de-
scribes the three steps of the brace procedure. After
showing all the steps, the APA says that the brace
position has to be kept during all the landing.

3. Practice. As positive feedback, the APA simply says
“Right”, “Exact”, or “Correct”, in a neutral voice. If
users make a first error, the APA says, based on the
step of the procedure, that the feet, head, or hands
are not in the correct position. If users make addi-
tional wrong attempts on the same step, the APA
demonstrates again the step. As acknowledge-
ments for completing a step, it says “Ok” or
“Done”, in a neutral voice.

4. Final feedback. Based on how users performed the
Practice phase, the final feedback is given through
one of the following sentences: “You have made
one error in the trial”, “You have made some errors
in the trial”, “You should assume the brace position

faster”, “You have assumed the correct position
quickly, but it is useful to practice”, all in a neutral
voice.

The second variant uses a fear appeal. Following the
theories described in Section 2.2, the APA adds remarks to
highlight that users are susceptible to the risk (vulnerabil-
ity) and that the consequences are severe (severity), but
also that the taught procedure is effective to avert the risk
(recommendation efficacy) and that users can perform it
by following a few simple steps (recommendation simplic-
ity). The APA can use its body language to underline the
remarks, and its facial expressions to show concern about
the severity of the consequences (see for example Fig. 2B
and 2C). The tone of the voice is serious when the APA
corrects users’ errors, and sad when it mentions death and
severe injuries as possible consequences of not complying
with the procedure. The content of each phase is the fol-
lowing:

1. Introduction. The APA welcomes users, says that it
will explain an important procedure, and points out
that an emergency landing is rare, but requires at-
tention. Then, it explains in a sad voice that impact
with the ground can be so hard that it can cause se-
vere injuries or even death (Fig. 2B). Finally, it in-
troduces the effective action to avert the risk, saying
in a serious voice that to avoid those consequences
users must know the brace position.

2. Demonstration. The APA shows and describes the
three steps of the procedure as in the first variant,
and adds a remark: after placing its head against the
seat in front of it, the APA tells users that if they do
not perform that step, they will risk a head trauma.
This is told while the APA has its head against the
seat to show the simple effective action that averts
the risk (Fig. 2C). Finally, the APA makes a remark
in a serious voice (“If you don’t want to suffer fatal
hits”) before telling users to keep the position
throughout the landing.

3. Practice. When the APA gives the positive feedback
(“Right”, “Exact”, or “Correct”) to users who cor-
rectly complete a step at the first attempt, it also re-
marks that they would have suffered a serious con-
sequence (specifying which one among broken
legs, head trauma, or broken arms) if they would
not have placed the involved body part as they
have just done. This highlights that a simple action
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Fig. 2. Screenshots of the APA A) displaying no specific emotion, B) being concerned about the severity of the consequences during introduc-

——
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A) B)

tion, and C) being concerned during the remark about head position.

Fig. 3. Screenshot of the APAA) smiling and raising its shoulders, B) drawing quotes in the air with its fingers, and C) pretending to be surprised

during the humorous comment about its shoes.

that users have just performed is effective to avert
the risk. If users fail to place a body part correctly at
the first attempt, the APA says that if they place that
body part in that way, they are going to suffer the
specific trauma for that body part. In this way, we
make sure that users are equally exposed to the fear
appeal, regardless of their success or failure at the
first attempt. The demonstrations after the subse-
quent wrong attempts and the eventual acknowl-
edgment of step completion are the same used in
the first variant.

4. Final feedback. The APA tells the same sentences
used in the first variant, but it adds the following
remarks. When the APA says that users have made
errors in the practice phase, it adds with a sad voice
that if they make errors in the brace position, they
may die. After saying that users should assume the
brace position faster, the APA remarks that if they
are too slow, the impact will happen when they are
not in the correct position and it will cause them se-
rious injuries. Finally, when the APA tells users that
they have assumed the correct position quickly, it
suggests that to avoid severe injuries, it is useful to
practice.

The third variant uses a humor appeal. The APA adds
humorous comments, puns, and jokes to the procedure
presentation and the feedback. Since IHPT (as seen in Sec-
tion 2.1) posits that recognizing and resolving incongruity
is fundamental to positively affect learning [25], the APA
uses tone of voice, body language, and facial expressions
to underline the use of humor (see for example Fig. 3) and
make incongruity easier to recognize. Moreover, since [25]

showed that inappropriate humor has negative or no im-
pact on learning, humor used by the APA does not fall in
the categories of inappropriate humor identified by [19]
and [23]. In particular, since [19] and [24] found that humor
related to the class material is generally the most appropri-
ate one, humor used by the APA focuses on the steps of the
procedure or the feedback that it gives to users. It is im-
portant to note that in this variant the APA uses humor in
the same circumstances in which it uses fear in the second
variant, so the number of times the APA aims at evoking
emotions in the two variants is the same. The content of
each phase is the following:

1. Introduction. The APA welcomes users, says that it
will explain an important procedure, and points out
that an emergency landing is rare, then it adds a hu-
morous quote which is well-known in the cultural
context of the participants’ country, making the hu-
mor easily recognizable. The popular quote can be
translated in English as “But, you know, good luck
is blind, but bad luck sees very well”. The APA un-
derlines that it is a humorous comment with tone of
voice, and by smiling and raising its shoulders (see
for example Fig. 3A). Then, when the APA invites
users to pay attention and tells them to prepare
themselves by learning the brace position, it adds a
pun saying that the “brace position” is technically
called “let’s hug ourselves tightly”. This pun is par-
ticularly related to the content and is meant to en-
hance the ability to process the message, which has
a key role in IHPT [25], because the brace position
can be remembered as the act of embracing one’s
own legs. The APA emphasizes the pun by drawing
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quotes with its fingers as shown in Fig. 3B, and ut-
tering the words with a funny accent.

2. Demonstration. The APA shows and describes the
three steps of the procedure as in the first variant,
and adds the following joke. After placing its head
against the seat in front of it (second step), the APA
tells users not to be afraid to ruffle their hair, and it
adds that they will receive a complimentary comb
for each emergency landing. The joke is told when
the APA has its head against the seat, and the hu-
morous reference to the hair may help users re-
member that their head should be against the seat.
Finally, when the APA says to keep the position
during all the landing, it describes the position as
“very comfortable”, drawing quotes as in Fig. 3B,
and using a sarcastic voice tone to underline it is
joking.

3. Practice. Positive feedback to users who correctly
complete a step at the first attempt is given in dif-
ferent ways based on the specific step. After the first
and the third correctly completed steps, the APA
sings for a few seconds a well-known Italian pop
song. The two songs are different, and the original
lyrics have been changed to refer to the involved
part of the body (feet or hands) placed correctly. Af-
ter the second step (head), the APA says “Exact”
and then pretends to be surprised (with its voice
and facial expression) of having a “fabulous” pair
of shoes (Fig. 3C). This comment is meant to help
users remember the correct position of the head,
since the shoes can be seen when the head is placed
in the correct position. If users do not place head,
feet or hands correctly in the first attempt, the same
two songs with slightly modified lyrics and a simi-
lar comment about shoes are used in telling them
that the involved body part is not placed correctly.
In this way, as in the second variant, users are ex-
posed to the emotion appeal, regardless of the out-
come of their first attempt. The demonstrations af-
ter the subsequent wrong attempts and the even-
tual acknowledgment of step completion are the
same used in the first variant.

4. Final feedback. The APA tells the same sentences
used in the first variant, but it adds the following
jokes. When the APA says that users have made one
or more errors, it adds a joke, saying that this will
not make them lose points in their driving license
(Italian driving laws are based on a system of pen-
alty points removed from the driving license for vi-
olations), but it is better to try again. Before saying
that users should assume the brace position faster,
the APA mimics the well-known synthetic voice
that announces delays in Italian train stations to say
that users assumed the brace position with a con-
siderable delay. Finally, when the APA tells users
that they have assumed the correct position
quickly, it smiles and nominates them “on-board
Yoga master”, associating the brace position to
Yoga postures.

The fourth variant uses fear and humor appeals to-
gether, combining the same additions made to the second
and third variants. In most cases, we were able to have the
humor appeal precede the fear appeal, since this allows re-
marking the taught concept after the laugh as suggested in
[27]. Only in three cases, we had to present the fear appeal
before the humor appeal because of the content of the sen-
tences that could not be combined in the other way. In
most cases, the combined sentence is just the sequence of
the two sentences with the common (if any) parts removed,
and the associated body language, facial expressions, and
voice tones. In the remaining two cases, the combined sen-
tence adds a short switch between the humor and the fear
appeal (e.g., the APA says “Seriously” or “Joking aside”)
to make it explicit that it has stopped joking, and a serious
remark begins.

4 EXPERIMENTAL EVALUATION

The study followed a 2 x 2 between-participants design:
the independent variable Humor Appeal indicates if the
APA appeals to humor and has two levels (Yes, No); the
independent variable Fear Appeal indicates if the APA ap-
peals to fear and has two levels (Yes, No). Each participant
was assigned to one of the four groups reported in Table 1.

TABLE 1
PARTICIPANTS’ GROUPS AND INDEPENDENT VARIABLES

Humor Appeal No Humor Appeal
Fear Appeal In this group, the | In this group, the
APA used both hu- | APA used only fear
mor and fear
No Fear In this group, the | In this group, the
Appeal APA used only hu- | APA did not use
mor emotion appeals

We formulated the following hypotheses for the study.
The first (manipulation check) states that the resort to a hu-
mor (resp. fear) appeal by the APA should actually arouse
humor (resp. fear) in participants. If the manipulation
check is successful, then we hypothesized that the different
appeals could also change participants” mood, which is a
factor that could affect performance of taught procedures
[18]. Finally, we hypothesized that the humor appeal could
influence liking of the application and perception of the
APA in the same way it did in studies on human educators
(e.g., [10], [11]). The study is instead exploratory about the
effects of the fear appeal on liking and perception of the
agent as well as the effects of humor and fear appeals on
knowledge acquisition and transfer.

4.1 Materials

The application containing the APA was implemented using
Unity 5.4, and ran on a Samsung Galaxy Tab S2 tablet with a
9.7-inch screen. Participants listened to the audio through a
pair of Sennheiser HD 215 closed headphones. To collect data
from participants, we employed the materials described in
the following subsections.

4.1.1 Demographic questionnaire

The demographic questionnaire asked participants about
their gender and age. In addition, it assessed individual



differences in frequency of air travel, by asking partici-
pants to count their number of flights in the last two years,
as in [17]. Each flight had to be counted individually, so for
example a round trip from airport A to airport C via a con-
nection through airport B resulted in four flights.

4.1.2 Fear Questionnaire

Since individual phobic and anxiety levels of participants
could affect their reaction to fear appeals, we administered
the Fear Questionnaire [50]. The Fear Questionnaire calcu-
lates respondents” phobic and anxiety levels, respectively
summing their ratings to 15 and 5 items on a 9-point scale
(from O to 8).

4.1.3 Sense of Humor Questionnaire

Since participant’s attitude towards humor could affect re-
action to humor appeals, we administered the Sense of Hu-
mor Questionnaire in the 6-items form [51]. The question-
naire calculates respondents’ attitude towards humor by
summing their ratings to 6 items on a 4-point scale (1 to 4),
after inverting the negative items.

4.1.4 Aroused fear and humor questionnaire

We administered a questionnaire, adapted from [35],
which asked participants to rate their level of agreement
on 12 statements using a 10-value Likert scale (0 to 9, with
9 indicating highest agreement). The first 6 statements
were about aroused fear: i) “This app scared me about the
dangers of not assuming the brace position”, ii) “This app
made me think a great deal of the dangers of not assuming
the brace position”, iii) “This app reminded me of how
risky it is to not assume the brace position”, iv) “Apps like
this truly make me afraid to not assume the brace posi-
tion”, v) “I found myself feeling very frightened when I
used this app”, vi) “This is the kind of app that makes me
sick to my stomach”. The other 6 statements were about
aroused humor: i) “I think the app I just used is very
funny”, ii) “I found myself laughing when I used this app”,
iii) “One of the things I liked about this app was how funny
itwas”, iv) “I enjoyed the humor used in this app”, v) “This
app is not at all amusing”, vi) “I found myself feeling very
good after using this app”. Aroused Fear was calculated as
the average of the ratings to the first 6 statements
(Cronbach’s alpha = 0.87) and Aroused Humor as the av-
erage of the ratings to the other 6 statements, after invert-
ing the scale of the negative statement (Cronbach’s alpha =
0.91).

4.1.5 POMS-SF questionnaire

To measure mood, we used the POMS-SF questionnaire
[52], asking participants to rate 37 sensations from 0 to 4 (0
indicates that participants did not feel that sensation and 4
that they felt it extremely). The 37 sensations are grouped
to form 6 subscales: Vigor (6 items), Tension (6 items), Con-
fusion (5 items), Anger (7 items), Depression (8 items), Fa-
tigue (5 items). In the first subscale, higher values are more
desirable because they indicate greater amount of vigor,
while in the other subscales lower values are more desira-
ble because they indicate smaller amount of negative sen-
sations. An overall mood indicator, called Total Mood Dis-
turbance, is calculated by inverting the first subscale and
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summing up all the values. The lower the value of Total
Mood Disturbance, the less disturbed is the participant’s
mood. Since mood can vary with the participant, we meas-
ured it before (pre-test) and after (post-test) using the ap-
plication, and we calculated the differences between the
post-test and pre-test values.

4.1.6 Liking questionnaire

We administered a questionnaire, partially inspired by
[36], which asked participants to rate their level of agree-
ment on 7 statements using a 7-value Likert scale (1 to 7,
with 7 indicating highest agreement). The statements were:
i) “This app truly held my interest”, ii) “This app was very
boring”, iii) “This is the kind of app that I'm likely to sleep
through”, iv) “This app is memorable”, v) “I like this app
very much”, vi) “This app is cool”, vii) “This app is appeal-
ing”. After inverting negative items, Liking was calculated
by averaging the ratings (Cronbach’s alpha = 0.87).

4.1.7 APA perception questionnaire

We administered a 26-item questionnaire that asked partici-
pants to rate specific aspects of the APA on a 7-value scale (1
to7, with1="Notatall” and 7 = “Very”). Items were grouped
to form the following subscales: Helpful (how much the APA
was perceived as helpful for concentrating on and under-
standing the procedure), Aesthetic (how much the APA was
perceived as aesthetically pleasing and attractive), Credible
(how much the APA was perceived as trustworthy and ex-
pert), Sociable (how much the APA was perceived as socia-
ble), Appropriate (how much the APA was perceived as ap-
propriate to the situation), and Calm (how much the APA
was perceived as calm).

To evaluate factorial validity of the questionnaire items,
we performed exploratory factor analyses with principal
component extraction and Varimax rotation. Before conduct-
ing the factor analysis, we built the correlation table among
the 26 items, which revealed that one of the items (“Does it
speak too fast?”) did not correlate with any other item. After
removal of this item, factor analysis was carried out on the 25
items listed in Table 2. Post-hoc indicators of data and sam-
pling adequacy for the factor analysis (Kaiser-Meyer-Olkin,
KMO, and Bartlett’s Test of Sphericity) showed that KMO
was 0.82, and Bartlett’s test was significant (p < .001). The
analysis confirmed a six-factor structure, which explained
69.6 percent of variance. Helpful, Aesthetic, Credible, Socia-
ble, Appropriate, and Calm were calculated by averaging the
answers to the items in each subscale (Cronbach’s alphas
were respectively 0.84, 0.82, 0.87, 0.70, 0.67, and 0.70).

4.1.8 Knowledge test

To assess acquisition of knowledge and its transfer to the
real world, we asked participants to assume a brace posi-
tion for an emergency landing, before (pre-test) and after
(post-test) using the application. To carry out this test, we
prepared two seats, one facing the back of the other as in
two adjacent rows of an aircraft cabin. Participants sat on
the seat in the back row and could see the back of the other
seat in front of them. Experimenters checked the differ-
ences between the position assumed by participants and
the taught brace position, which is the one depicted in Fig.
1. To keep track of the errors, experimenters used a
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TABLE 2
APA PERCEPTION QUESTIONNAIRE

Aesthetic

Has it a realistic appearance?

Has it an attractive appearance?

Does it move in a natural way?

Is it well dressed?

Does it use facial expressions in a natural way?

Is its gaze natural?

Appropriate

Has it the appearance of a professional flight attendant?

Is its facial expression appropriate for the situation?

Does it behave in a way that is appropriate for the situation?

Calm

Is it angry, tense, nervous?

Is it serene, relaxed, calm?

Sociable

Is it cold, detached?

Is it unkind, inattentive?

Is it sociable, kind?

Is it boring?

Credible

Does it inspire trust?

Does it give a sense of confidence?

Is it intelligent?

Is it reliable?

Is it well informed?

Helpful

Does it give you clear and easy-to-understand instructions?

Does it make you pay attention to the instructions?

Does it help you to focus?

Is it useful?

Do you like to receive instructions from it?

knowledge test sheet that included a checklist with the fol-
lowing errors: i) feet not firmly tucked on the floor, ii) feet
not placed behind the knees, iii) head not placed against
the seat in front, and iv) hands not tucked behind the knees
or below the tights. For each error in the checklist, experi-
menters observed participants and ticked the checkbox if
the error was made. Experimenters were trained to rapidly
recognize if participants had made the different errors by
applying simple objective criteria (e.g., if the soles of the
shoes were fully or partly detached from the floor, then the
feet were not firmly tucked). Experimenters also annotated
on the knowledge test sheet the time it took participants to
assume the position. Time was measured with a chronom-
eter application on a mobile phone.

4.2 Participants

The evaluation involved a sample of 94 participants (75 M,
19 F). They were undergraduate students in computer sci-
ence as well as people from other occupations. Their age
ranged from 19 to 29 (M=22.06, SD=1.77) and their number
of flights in the last two years ranged from 0 to 15 (M=2.03,
SD=2.84). Phobic level of participants, calculated with the
Fear Questionnaire described in Section 4.1.2, ranged from
4 to 60 (M=22.89, SD=11.66), while anxiety level ranged
from 0 to 29 (M=12.97, SD=6.26). Participants’ attitude to-
wards humor, calculated with the Sense of Humor Ques-
tionnaire described in Section 4.1.3, ranged from 16 to 23
(M=19.28, SD=1.73). Experimenters assigned participants
to the groups trying to minimize differences between
groups in the results of the demographic questionnaire, the

Fear Questionnaire, and the Sense of Humor Question-
naire. Groups were also balanced in the pre-test values of
Total Mood Disturbance, Vigor, Tension, Confusion, An-
ger, Depression, Fatigue, errors and time to assume the
brace position. Each of the variables assessed before trying
the experimental condition was submitted to a one-way
ANOVA that confirmed the lack of significant differences
between the four groups.

4.3 Measures

We measured the following dependent variables: i)
Aroused Fear and Aroused Humor, with the aroused fear
and humor questionnaire (Section 4.1.4); ii) Total Mood
Disturbance Difference, Vigor Difference, Tension Differ-
ence, Confusion Difference, Anger Difference, Depression
Difference, and Fatigue Difference, calculated as the differ-
ences between the post-test and pre-test values of the
POMS-SF questionnaire described in Section 4.1.5 (a posi-
tive value for Vigor Difference and negative values for the
other mood variables indicate mood improvement); iii) lik-
ing, with the liking questionnaire (Section 4.1.6); iv) Help-
ful, Aesthetic, Credible, Sociable, Appropriate, and Calm,
with the APA perception questionnaire (Section 4.1.7); v) Er-
ror Difference and Time Difference, calculated as the differ-
ences between the post-test and pre-test values of the
knowledge test described in Section 4.1.8 (negative values in-
dicate improvement).

4.4 Procedure

The experimenter told participants that we were testing an
application that teaches the position to be assumed during
an aircraft emergency landing. Consent for participation
and for recording verbal answers was obtained. Partici-
pants were also informed that they could refrain from con-
tinuing the experiment at any time, without providing a
reason to the experimenter. Then, the experimenter tested
participants' initial knowledge about the brace position. In
particular, participants sat on the seat described in Section
4.1.8, and the experimenter told them to imagine to be on
an aircraft after being warned to prepare for impact. Then,
participants were asked to physically assume the position
they would assume in that circumstance, and to do it as
fast as possible after a start command from the experi-
menter. They had to inform the experimenter when fin-
ished by saying “stop”. The experimenter kept track of the
errors in the assumed position with the knowledge test
sheet (Section 4.1.8), and annotated the time spent to as-
sume the position, from start to stop command. Then, par-
ticipants filled the demographic questionnaire, the Fear
Questionnaire, the Sense of Humor Questionnaire, and the
POMS-SF questionnaire. The experimenter gave partici-
pants the tablet, and helped them wear a pair of closed ear-
phones. They tried the condition assigned to them, going
through all the phases of the lesson described in Section 3.
Then, they filled the POMS-SF questionnaire, the liking
questionnaire, the APA perception questionnaire, and the
aroused fear and humor questionnaire. After that, the ex-
perimenter tested again participants' knowledge about the
brace position, and annotated time and errors. Finally, par-
ticipants” qualitative feedback was acquired by means of a
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brief semi-structured interview. Participants were asked
about the aspects they liked and disliked, and about the
things they would change in the application or in the APA.

5. RESULTS

Since our groups differed on two independent variables as
described in Table 1, we analyzed the results using a be-
tween-subjects two-way ANOVA for each of the depend-
ent variables described in Section 4.3. In case of interaction,
we analyzed each simple effect using a between-subjects
one-way ANOVA with the mean square error from the in-
itial analysis as error term. Effect sizes are reported as par-
tial eta squared (1?).

5.1 Aroused Fear

For Aroused Fear (Fig. 4A), the analysis revealed a main
effect of Fear Appeal, F(1,90)=56.24, p<0.001, n,?=0.39, no
main effect of Humor Appeal, and no interaction. When
the APA used fear, Aroused Fear for participants was
higher (M=3.95, SD=1.61) than when it did not (M=1.48,
SD=1.58).

5.2 Aroused Humor

For Aroused Humor (Fig. 4B), the analysis revealed a main
effect of Humor Appeal, F(1,90)=70.44, p< 0.001, np?=0.44,
no main effect of Fear Appeal, and an interaction between
Fear Appeal and Humor Appeal, F(1,90)=3.95, p<0.05,
np?=0.04. When the APA used humor, Aroused Humor
was higher (M=5.35, SD=2.10) than when it did not
(M=2.24, SD=1.52). To investigate the interaction, we ana-
lyzed simple effects of Humor Appeal separately at the
two levels of Fear Appeal, and simple effects of Fear Ap-
peal separately at the two levels of Humor Appeal. At both
levels of Fear Appeal, Aroused Humor was higher when
the APA used humor (without fear appeal: M=5.93,
SD=1.97; with fear appeal: M=4.81, SD=2.12) than when it
did not (with no fear appeal: M=2.06, SD=1.81; with fear
appeal: M=2.42, SD=1.15), p<0.001 for both. With no hu-
mor appeal, we found no statistically significant difference
in Aroused Humor between participants whose APA used
fear and participants whose APA did not. Instead, with hu-
mor appeal, Aroused Humor was lower when the APA
used fear (M=4.81, SD=2.12) than when it did not (M=5.93,
SD=1.97), p<0.05.

5.3 Mood

For Total Mood Disturbance Difference (Fig. 5A), the anal-
ysis revealed a main effect of Fear Appeal, F(1,90)=9.58,
p<0.01, 1np?=0.10, a main effect of Humor Appeal,
F(1,90)=6.66, p<0.05, 1,>=0.07, and no interaction. When
the APA used fear, the value of Total Mood Disturbance
Difference was higher (M=-0.34, SD=4.26) than when it did
not (M=-3.53, SD=6.02). Instead, when the APA used hu-
mor, Total Mood Disturbance Difference was lower (M=-
3.26, SD=5.31) than when it did not (M=-0.62, SD=5.28).
Fig. 7 shows the means of Total Mood Disturbance Differ-
ence for each value of the independent variables. Consid-
ering the subscales of mood, the analysis revealed the fol-
lowing main effects. When the APA used fear, Vigor Dif-
ference (Fig. 5B) was lower (M=-1.83, SD=2.48) than when
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it did not (M=-0.40, SD=3.22), F(1,90)=6.19, p<0.05,
np?=0.06. When the APA used humor, Vigor Difference
was higher (M=-0.55, SD=2.76) than when it did not (M=-
1.68, SD=3.05), F(1,90)=3.95, p<0.05, 1,2=0.04. When the
APA used fear, Confusion Difference (Fig. 5C) was higher
(M=-0.43, SD=1.54) than when it did not (M=-1.13,
SD=1.50), F(1,90)=5.13, p<0.05, 1,?=0.05.

5.4 Liking

The analysis revealed a main effect of Humor Appeal on
Liking (Fig. 4C), F(1,90)=5.59, p<0.05, n?>=0.06, no main ef-
fect of Fear Appeal, and no interaction. When the APA
used humor, Liking was higher (M=5.27, SD=0.98) than
when it did not (M=4.73, SD=1.18).

5.5 Perception of the APA

The analysis revealed no main effect of Fear Appeal, no
main effect of Humor Appeal, and no interaction, on Help-
ful, Aesthetic, and Credible. A main effect of Humor Ap-
peal, F(1,90)=79.87, p<0.001, 1n,?=0.47, no main effect of
Fear Appeal, and no interaction were found for Sociable
(Fig. 6A). When the APA used humor, Sociable was higher
(M=6.36, SD=0.72) than when it did not (M=4.76, SD=0.98).
A main effect of Humor Appeal, F(1,90)=5.17, p<0.05,
Np>=0.05, no main effect of Fear Appeal, and no interaction
were found also for Appropriate (Fig. 6B). However, in this
case, Appropriate was lower when the APA used humor
(M=4.52, SD=1.18) than when it did not (M=5.08, SD=1.21).
Finally, considering Calm (Fig. 6C), the analysis revealed a
main effect of Humor Appeal, F(1,90)=13.85, p<0.001,
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1,?=0.13, a main effect of Fear Appeal, F(1,90)=5.21, p<0.05,
np>=0.06, and interaction, F(1,90)=9.45, p<0.01, n,?=0.10.
When the APA used humor, Calm was higher (M=6.43,
SD=0.79) than when it did not (M=5.52, SD=1.62). When
the APA used fear, Calm was lower (M=5.70, SD=1.54)
than when it did not (M=6.24, SD=1.06). To investigate the
interaction, we analyzed simple effects of Humor Appeal
separately at the two levels of Fear Appeal, and simple ef-
fects of Fear Appeal separately at the two levels of Humor
Appeal. With no fear appeal, we found no statistically sig-
nificant difference in Calm between the APA using humor
or not. Instead, with fear appeal, Calm was higher when
the APA used humor (M=6.52, SD=0.63) than when it did
not (M=4.85, SD=1.75), p<0.001. With no humor appeal,
Calm was lower when the APA used fear (M=4.85,
SD=1.75) than when it did not (M=6.17, SD=1.19), p<0.001.
Instead, with humor appeal, we found no statistically sig-
nificant difference in Calm between the APA using fear or
not.

5.6 Knowledge transfer

The analysis found no main effect of Fear Appeal, no main
effect of Humor Appeal, and no interaction, in Error Dif-
ference as well as Time Difference. All four groups im-
proved their knowledge as we will discuss in the next ses-
sion.

6. DIScusSION

Results of the manipulation check showed that the use of
humor and fear appeals by the APA was effective in arous-
ing the intended emotions. Regarding fear, the Aroused
Fear score was significantly higher in participants exposed
to a fear appeal by the APA. Participants in both groups
that were not exposed to the fear appeal had low scores of
Aroused Fear (on a 0 to 9 scale, means were 1.33 without
emotion appeals, and 1.63 with only humor appeal). On
the contrary, the fear appeal aroused a larger level of fear
in the other two groups (means were, respectively, 3.67 in
the group exposed only to fear appeal, and 4.22 in the
group exposed to both fear and humor appeals). The level
of fear aroused by the APA through the fear appeal was
moderate, which is a positive result, because a low level of
fear is unlikely to motivate people to consider how to cope

with a risk, while too much fear could induce defensive re-
sponses which are detrimental to the effectiveness of the
communication [53].

Regarding humor, the Aroused Humor score was sig-
nificantly higher in participants exposed to the humor ap-
peal. Moreover, we found an interaction between Fear Ap-
peal and Humor Appeal for Aroused Humor. The analysis
of simple effects showed that combining fear appeal with
humor appeal led to a lower Aroused Humor with respect
of using only humor appeal. When the APA described the
severe consequences of not assuming the brace position,
the application was inevitably perceived as less humorous.

In addition to arousing the intended emotions, when
the APA used emotion appeals, it significantly affected
participants’ mood, confirming our hypothesis. Indeed,
when the APA used the humor appeal, Total Mood Dis-
turbance decreased significantly more than when the APA
did not use it. On the contrary, when the APA used the fear
appeal, Total Mood Disturbance decreased less (when fear
appeal was combined with humor appeal) or even in-
creased (when fear appeal was used alone), as shown in
Fig. 5A. Since lower values of Total Mood Disturbance in-
dicate a better mood, this result suggests that the use of
humor appeal improved participants” mood, while the use
of fear appeal had a negative effect on it. This is particu-
larly important because people’s mood can affect their per-
formance [54], [55]. More specifically, in the domain of avi-
ation safety education, Tehrani and Molesworth [18] found
that participants exposed to a positive mood manipulation
performed an evacuation exercise better than participants
who were exposed to a negative mood manipulation. This
suggests that the use of humor by an APA for in-flight
safety briefings might provide an advantage in terms of
passengers’ mood as well as performance.

Some additional insights come from the analysis of the
subscales of mood. When the APA used fear, the Vigor
score decreased significantly more than when the APA did
not use it. Participants who were exposed to the fear ap-
peal might have felt more threatened, and might have be-
come less lively, cheerful, and energetic, which are three of
the adjectives in the Vigor subscale. Interestingly, as
shown in Fig. 5B, Vigor decreased also when the APA used
no emotion appeals, while it increased only when the APA
used humor without fear. This contributed to the signifi-
cant result we found for the use of humor appeal on Vigor
Difference, but also suggests that other aspects of the ap-
plication might play a role in decreasing Vigor, and that
this negative effect is mitigated by the use of humor.

Confusion decreased in all four groups. This may sug-
gest that the APA was able to explain the procedure
clearly, and focus participants” attention. It is interesting to
note that while some studies concerning humor in class-
rooms (e.g., [26]) found that students were confused by hu-
mor, we did not find negative effects of the APA’s humor
on confusion. The humor appeal used by the APA did not
distract participants from the taught content because the
humor was related to the content, as suggested by [27]. The
improvement in confusion was instead significantly lower
when the APA used fear than when it did not. Aroused
fear might have limited the positive effect of the APA on
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confusion.

It is important to note that mood and its subscales were
self-reported by participants. Although the POMS-SF
questionnaire we employed has been extensively used and
validated [52], [56], self-reported measures might be bi-
ased by different factors such as social desirability and par-
ticipants” inability to report their own mood. Therefore,
further studies employing more than one type of mood
measure should be conducted to better support our results
about mood.

Considering our hypothesis about liking of the applica-
tion, only the humor appeal had a statistically significant
effect. The two groups in which the APA used humor liked
the application more than the other two groups. This posi-
tive effect is consistent with the studies on human educa-
tors, which showed that humor can increase educator’s
likeability [10]. Fig. 4C might suggest that the use of fear
appeal increased liking with respect to the condition with
no appeals, and that it reduced liking with respect to the
condition with only humor. However, we found no signif-
icant main effect of fear appeal on liking and no interaction
between humor and fear appeal on this aspect, so addi-
tional research is needed to assess whether fear appeals
could actually affect liking.

As hypothesized, the use of emotion appeals affected
participants’ perception of the APA. The effect concerned
some of the subscales. More precisely, we did not find sta-
tistically significant differences on how much the partici-
pants perceived the APA as helpful. Participants in all
groups positively rated this aspect (an average of 5.64 on a
1 to 7 scale). Despite the fact that the Aesthetic score was
slightly higher with humor appeal, we did not find any
main effect nor interaction. Similarly, we did not find sta-
tistically significant differences for the credibility of the
APA, which was high in all four groups (an average of 5.29
onal to 7 scale), including those exposed to humor appeal.
This shows that participants trusted the APA and per-
ceived its expertise regardless of the appeals used. This re-
sult may suggest that the amount of humor used by the
APA was not excessive, consistently with the fact that too
much humor could decrease credibility [22].

Results show very clearly that the APA was perceived
as more sociable when it used humor. No significant effect
on sociability was found for fear appeal, while the im-
provement using humor appeal was considerable (+1.61
on a1 to 7 scale). The only negative effect of humor appeal
was found for APA’s appropriateness, which was lower (-
0.56 ona1to 7 scale) when the APA used humor. The semi-
structured interview provided insights on this. A few
(three) participants said that the use of humor was not ap-
propriate because the topic or the situation were serious,
while some (nine) said that the APA used too much humor.
Interestingly, five of these twelve participants as well as
other five participants specifically identified the singing of
songs by the APA as an aspect they found inappropriate or
they did not like. This might suggest that the negative ef-
fect on appropriateness was due mainly to this humor ele-
ment, and further studies with and without humorous
songs are needed to clarify their role.

Emotion appeals affected participants” perception of the
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APA as calm. While, in general, the fear appeal made par-
ticipants perceive the APA as more tense, and the humor
appeal made them perceive it as more calm, the significant
interaction provided an interesting insight: as suggested
by Fig. 6C, humor had almost no effect on perceived calm-
ness when fear was not used, while it counteracted the ef-
fect of fear when it was used.

Finally, we found no significant effect of fear and humor
appeals, and no significant interaction, on knowledge
transfer. Therefore, we considered all the groups together
and compared pre-test with post-test knowledge in a re-
peated measures design to assess if the application was ef-
fective to decrease errors in assuming the brace position
and the time employed. Paired samples t-tests indicated
that differences between post-test and pre-test values in
both errors and time were statistically significant, p<0.001
for both variables. Users made an average of 2.70 (SD=0.84)
errors before using the application and only 0.21 (SD=0.46)
after using it (Fig. 7A), and time to assume the brace posi-
tion decreased from 4.54 (SD=3.08) to 3.03 (SD=1.71) sec-
onds (Fig. 7B). It is important to remark that all partici-
pants made errors in performing the procedure before us-
ing the application, while 80.9% of participants made no
errors after using it. Moreover, the time to assume the
brace position decreased by about one third. Additional
paired samples t-tests carried out on each group inde-
pendently showed that error decrease was significant in
each group, p<0.001. Therefore, the application had posi-
tive learning effects regardless of the emotion appeals used
by the APA. However, since the maximum number of pos-
sible errors was four, future studies on more complex pro-
cedures, made of a larger number of steps, could be carried
out to further assess the role of emotion appeals on learn-
ing. In addition, it must be noted that participants used the
application in a laboratory setting, and wore closed head-
phones. In this way, they could use the application without
being distracted. This context can be different from more
naturalistic settings (e.g., airport or aircraft cabin). In a set-
ting where users could be distracted by external factors,
emotions aroused by humor and fear appeals might result
in increased attention and have an impact on knowledge
retention [57], [58]. Therefore, it would be interesting to
replicate the experiment outside the lab.

We carried out additional analyses on participants” in-
teraction data logged by the application, i.e. participants’
acceptance of the APA invitation to repeat the trial, num-
ber of errors made during the practice phase, time taken to
place the feet, the head, and the hands in that phase. Al-
most all participants accepted the APA invitation to repeat
the trial, and the differences between groups did not reach
statistical significance. We did not find significant differ-
ences between groups for errors and times in the first trial,
and for errors in the second trial. Differences in the times
in the second trial reached significance: times were larger
in the conditions with the emotion appeals. However, it
must be noted that times in the second trial were generally
lower than those in the first trial for all groups, reflecting
the improvement in learning the procedure, and the larger
times found with emotion appeals could be simply due to
the longer sentences used for feedback in those conditions.



BUTTUSSI AND CHITTARO: HUMOR AND FEAR APPEALS IN PEDAGOGICAL AGENTS 13

A) Errors B) Time (seconds)
4 — 6
35 | s
3
25 4
2 —f. 3 :
15 5 -
1

1 I

05— |—
0 = 0

pretest | posttest | pre-test | post-test |
] 270 [ o021 | (o 454 | 303 |

Fig. 7. Means of A) errors and B) time (in seconds) to assume the
brace position before and after using the application. Capped vertical
bars indicate + SE.

In summary, our study shows that several results found
for humor and fear appeals used by human educators
transfer to APAs, and extends the investigation of effects
to mood. More precisely, we have shown that an APA us-
ing a humor appeal can i) improve people’s mood, which
could bring performance improvements, ii) increase liking
of the application, iii) appear more sociable, but also iv) ap-
pear less appropriate for the situation. An APA using a fear
appeal can i) arose a moderate level of fear, which should
motivate people to cope with the presented risks, but also
ii) worsen mood.

The qualitative feedback obtained with the interviews
helped us to better understand which types of humor the
APA should use. Among the 47 participants who listened
to the APA using the humor appeal, 30 explicitly said that
they liked the use of humor. However, only nine said that
they liked the use of the humorous songs, and ten explic-
itly said that they did not like the songs. Only one partici-
pant said that he did not like the jokes, while eleven par-
ticipants mentioned jokes or cited one of them when they
positively commented about humor. Interestingly, nine
participants who listened to the APA not using humor (six
exposed to fear appeal and three not exposed to emotion
appeals) said that it was too serious. Overall, the qualita-
tive feedback suggested that participants generally wel-
comed the use of humor by the APA, and that jokes were
more appreciated and less criticized than humorous songs.

Among the 47 participants who listened to the APA us-
ing the fear appeal, 16 said that they appreciated the expla-
nation of the negative consequences of wrong actions,
which were part of the fear appeal, and no participants
made negative comments about them. Six participants ex-
posed to the fear appeal (and not to the humor appeal) said
that the APA was too serious. Interestingly, no participant
who listened to the APA that used both humor and fear
made similar comments. Interestingly, ten participants (3
exposed and 7 not exposed to the fear appeal) suggested to
visually show the negative consequences of wrong actions
(e.g., with an illustration of the physical injuries). Overall,
the qualitative feedback suggested that showing and ex-
plaining the consequences of wrong actions could be ap-
preciated by users, and the combination of the fear and hu-
mor appeals might be useful to explain the negative conse-
quences of wrong actions without making users negatively
perceive the APA as too serious.

It is important to note that the study was focused on a
safety education domain, so one cannot assume that the
findings generalize to all the different domains in which
APAs are used. For example, the use of humor appeals
might be perceived as more appropriate if the domain does
not involve serious risks, and at the same time, the use of
fear appeals may not be obvious in those domains. How-
ever, humor depends on culture and age, so the results
could vary if different populations are considered. Moreo-
ver, our sample included participants with an attitude to-
wards humor ranging from 16 to 23 (M=19.28, SD=1.73) in
a 4 to 24 scale, so involving participants with less sense of
humor would be interesting to assess whether the results
could be extended or not. Future studies may also assess
the possible role of participants’ individual differences
(e.g., different sense of humor, or previous level of fear of
the considered risk).

Within the same population, the findings in our study
may be probably extended to other health and safety edu-
cation domains beyond aviation, since health and safety
education typically needs to make people aware of risks
(e.g., the risk of illness if proper hygiene procedures or life-
style are not followed, the risk of injuries if safe driving
rules are not followed, ...), and teach the correct procedures
to cope with them (e.g., how to protect skin from ultravio-
let radiation exposure, how to wear safety restraints,...).

7. CONCLUSIONS AND FUTURE WORK

This paper explored the use of humor and fear appeals by
an APA, and is the first to test their combined use and to
assess the possible interactions following a 2 x 2 factorial
design. The APA we developed taught an aviation safety
procedure. We carried out an evaluation with 94 partici-
pants, showing that the APA was successful in teaching the
procedure regardless of the appeals used. However, resort
to humor and fear appeals by the APA significantly af-
fected, and in different ways, participants’ mood, liking of
the application, and perception of the APA.

As discussed in the previous section, further studies
employing more than one type of mood measure should
be conducted to better support our findings about mood.
The study was focused on the domain of aviation safety
education, and findings might be extended to other health
and safety education domains that share similar needs.
Since the APA is programmable, it can be used also in do-
mains unrelated to health and safety. This would allow to
investigate possible changes in the effects, e.g. testing if the
positive effects of humor appeals (e.g., on liking and per-
ception of the APA as sociable) may be even more evident
or their negative effect (on perception of the APA as appro-
priate) may be reduced.

Since the effects of humor appeals may vary with age
and culture, there is a need to investigate them more
broadly on different populations. A possible way to
achieve this purpose would be to use remote evaluation:
the APA might be programmed to use different appeals in
a public mobile app, which could include a questionnaire
to remotely assess opinions of users of different ages and
cultures. The questionnaire could also be used to assess
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different aspects of users’ profiles (e.g., sense of humor and
fear of flying) to study if such individual differences could
play a role on the effects of humor and fear appeals.

In addition, further research is needed to better under-
stand the effect of humor and fear appeals on learning,
conducting studies with more complex procedures that re-
quire to remember a larger number of steps and details
than the brace procedure. Finally, since humor and fear ap-
peals can arouse emotions, and emotions can play a role in
knowledge retention [57], [58], a further study could test
knowledge retention over time after exposure to different
emotion appeals.
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