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Abstract

Studies in the literature reported several positive benefits provided by the use of
technology in online education, especially in the gamified tutoring system. However,
despite the benefits of intelligent tutoring systems, recent studies indicate the pres-
ence of a gender gap not considered in the construction of the attributes present in
the gamified tutoring system. To investigate this impact by observing users’ behav-
ioral changes in gamified online educational environments, the present study aims to
investigate the effects of the stereotype threats using a quantitative experiment with a
Factorial Design in three gamified environments (stereotypical male version, stereo-
typical female version and control environment). Was conducted an experiment with
150 individuals (high school and undergraduate students) without considering age,
ethnicity, or social class. The results show that the participants allocated to the male
learning environment present an increase in aggressiveness level. Furthermore, the
results also show the stereotypical male and female learning environments increased
the participants’ performance level. Another finding was that the threatening con-
dition provided a significant increase in the participants’ flow level among males
subjected to a threatening condition, which did not manifest in the case of females.
In addition, this study also observed the effect of the stereotype threat on men and
women in the threatening condition by division in the 34-year age group, resulting
in a significant increase in the level of flow among men. This study showed previ-
ous results show that the gamified environment influences psychological variables as
aggressiveness, intellectual performance, and flow level, they raise questions about
the direction of these changes and the impact they may have on users’ usability and
performance in these systems.
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1 Introduction

Studies in the literature reported several positive benefits provided by the use of
technology in online education (Cheung & Slavin, 2013) (Hwang, 2003) (Kizil-
cec et al., 2017) (Kappen et al., 2019) (Friedman et al., 2008), such as decen-
tralization with new directions and teaching strategies (Francescucci et al., 2020),
mainly with a focus on promoting learning (Bailey & Lee, n.d.Kantharia, 2020).
Studies have several positive characteristics such as (i) personalization of teach-
ing and learning (Kizilcec & Lee, 2020), favoring and assisting the student in
building knowledge efficiently; (ii) promotion of students’ development and
responsibility (Aguilar et al., 2013); and (iii) provision of education anywhere,
anytime, and for anyone (Bittencourt et al., 2008), and it is mediated by educa-
tional systems.

Intelligent tutoring systems present several pedagogical benefits for students.
The primary advantage offered by intelligent tutoring systems is the personal-
ized monitoring of learning (Anderson et al., 1985), which generates a signifi-
cant improvement in the students’ learning performance. These positive benefits
are enhanced when gamification is implemented in intelligent tutoring systems,
which adds motivational benefits to the learning process (De Sousa Borges et al.,
2014). In this scenario, several gamification elements (trophies, rankings, points,
and levels) (Dicheva et al., 2015) are used for the development of an Intelligent
Tutor System, making it even more efficient for students’ learning and motiva-
tional aspects.

However, despite the benefits of intelligent tutoring systems, recent studies indi-
cate the presence of a gender gap not considered in the construction of the attrib-
utes present in the gamified tutoring system (Albuquerque et al., 2017; Kaye et al.,
2018; Liu et al., 2021; Cross et al., 2022). As a result, instead of increasing stu-
dents’ learning performance and motivational aspects mediated by attributes in the
educational system, the effect is the opposite, attributing advantages and disadvan-
tages to specific genders. This problem is known as the Gender Stereotype Threat.

The impacts of the stereotype threat are related to several mediators (Pennington
et al., 2016): (i) affective mechanisms; (ii) cognitive mechanisms; and (iii) moti-
vational mechanisms. In affective mediators, studies classify and contextualize the
stereotype threat linked to anxiety, performance expectations, individual charac-
teristics, or even fear of being evaluated. In cognitive mechanisms there are works
demonstrating some mediators such as working memory, cognitive load, and sup-
pression of thought, is related to the low performance of women in mathematical
activities, they feel more threatened when they know that they are being subjected to
tests according to your gender. Some motivational mechanisms, such as effort/moti-
vation, suggest that the stereotype threat, in addition to impacting the performance
of some students, acts with the opposite effect: discouraging or generating a high
load of effort for the development of an activity that could be considered simple.

There are many cognitive mediators and when the subject is under threat, the
negative effects can even cause a decrease in his performance (Pennington et al.,
2016). Studies observe the relationship of these cognitive mediators under the
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effects of anxiety (Albuquerque et al., 2017). However, it is important to point out
that the stereotype threat in certain situations, such as direct exposure to the ste-
reotype before an academic activity, can result in increased levels of aggression,
and this at high levels acts at the expense of learning and the ability to concen-
tration (Inzlicht & Kang, 2010). In addition, based on Albuquerque et al. (2017)
and Pennington et al. (2016), the main research question about this study ”"What
is the impact that aggressiveness, mediated by the Stereotype Threat, can have
on the e-learning processes of users of a Gamified Platform?”. This investiga-
tion is important, since, as seen in Albuquerque et al. (2017), through the effects
of the threat of stereotypes, a Gamified Educational Platform can act against the
purpose for which it was created, causing a decrease in the levels of motivation,
engagement and consequently of learning. This would occur due to the presence
of stereotyped elements for specific genders, such as colors, rankings and badges.

In view of the findings, of Inzlicht and Kang (2010) and Pennington et al. (2016),
and a systematic literature review on the topic, in which no article was found that
mentioned or proposed to mediator analysis Aggressiveness in a Gamified Educa-
tional Platform, it is necessary to investigate this gap in the literature, since it is pos-
sible that the elements of a gamified platform can act against the purposes for which
it was created. Furthermore, the effects provoked by individuals in situations of ste-
reotype threat under the mediation of aggression can enter boredom states, and as a
consequence, be related to a drop in the flow experience (Clarke and Haworth, 1994).

The gender stereotype threat needs to be further investigated due to its several
negative effects, such as low learning performance, which is mediated by factors that
also affect engagement and motivational aspects (Pennington et al., 2016). There-
fore, the purpose of this paper is to identify the relationships between the users’
level of aggressiveness, intellectual performance, and the flow experience in a gam-
ified educational environment. To achieve this objective, we used the aggressive-
ness questionnaire (Buss & Perry, 1992) to measure this mediator, the intellectual
performance was measured using an instrument specially designed for the experi-
ment (logic test), consisting of 20 items and the flow measure was obtained using a
questionnaire containing 26 items. Quantitative, descriptive, and inferential analyzes
were used to find and discuss the results.

This article is structured as follows: Section 2 provides the theoretical background
and the related works. In Section 3, we present the proposal and the tool used in this
study. In Section 4, we depict the results obtained in the conducted experiment. In
Section 5, we develop a discussion about the results previously reported. Finally, in
Section 6, we provide our concluding remarks.

2 Background
In this section is presented main concepts about the proposed work. In addition, we

are going to depict related works to this study, more precisely related to gamified
educational environments, stereotype threat in virtual environments.
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2.1 Stereotype threat

The stereotype threat is characterized as a form of threat to the social identity, and
it is triggered by a situation in which a negative stereotype is incurred by a social
group that is being devalued by, or in relation to, another (Pennington et al., 2016).
The reading of these facts and their explanation is related to the cultural context,
and to an intrinsic concept about an external behavior, which would be linked to the
formation and maintenance of stereotypes since values and norms are transmitted
by generations and justified in the preservation of cultural traditions (Guerra, 2002).

This situation of identity conflict represents a threat to personal integrity, in
which individuals are inhibited from performing optimally by the awareness that a
possible failure can cause a negative judgment, which can generate a drop in cog-
nitive performance and the expectation of success (Steele, 1988). Studies in the
literature conceptualize two dimensions of the stereotype threat: one related to the
targets of the threat (self or his/her group) and the other to the sources of the threat
(self, internal group, or external group). Figure 1 describes the intersection of these
dimensions, demonstrated in the research (Shapiro & Neuberg, 2007). According to
it, situations can be incited by the possibility that the behavior and/or individual dif-
ferences interfere actively in the conceptualization about the individual or the group,
increasing the susceptibility of negative stereotype. As a consequence, individuals in
this situation may develop feelings such as anxiety and apprehension.

Target of the Threat

Source of
the threat Self Group
Self-Concept Threat Group-Concept Threat
Self I'm afraid the behavior itself, confirm to | I'm afraid that the behavior itself,

confirms to you, that your group's
negative stereotypes are true for your
group.

yourself that the negative stereotypes of
their group, are true to himself.

Own-Reputation Threat Own-Reputation Threat

Outgroup Members

Ingroup Members

(outgroup)
I'm afraid the behavior itself, to confirm
the members of the external group, the
negative stereotypes of their group, are
true to themselves, and the individual,
therefore, will be judged and mistreated
by the external group.

Own-Reputation Threat
(Ingroup)

| fear that the behavior itself, confirms to
the members of the inner group, that the
negative stereotypes of your group, are
true to you, and the individual will
therefore be judged and mistreated by the
inner group.

(outgroup)
| fear that the behavior itself, confirms
for the members of the external group,
that the negative stereotypes of its
group, are true for its group, and the
individual, therefore, will be judged and
mistreated by the external group.

Own-Reputation Threat
(Ingroup)
| fear that the behavior itself, confirms
for the members of the inner group, that
the negative stereotypes of your group,
are true for your group, and the
individual will therefore be judged and
mistreated by the inner group.

Fig. 1 Source of the threat x Target of the threat. Shapiro and Neuberg (2007)
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In the systematic literature review of [10], a theory regarding members of different
stigmatized groups were reported. According to this theory, individuals can report
different ways of experiencing stereotype threat and these distinct experiences can be
mediated by different processes. Although these different forms of stereotype threat
may have the same negative effects on performance, they are likely to be stimulated
by different mechanisms, so it is necessary to evaluate whether the same mechanisms
are the factors responsible for the effect of the threat on different groups.

In the systematic literature review of Pennington et al. (2016), a theory regarding
members of different stigmatized groups were reported. According to this theory,
individuals can report different ways of experiencing stereotype threat and these dis-
tinct experiences can be mediated by different processes. Although these different
forms of stereotype threat may have the same negative effects on performance, they
are likely to be stimulated by different mechanisms, so it is necessary to evaluate
whether the same mechanisms are the factors responsible for the effect of the threat
on different groups.

2.2 Mediator: Aggressiveness

The article (Inzlicht et al., 2011) suggests that the stereotype threat has a long-term
influence, which results in behavioral difficulties in individuals, even after leaving
the environments where they feel the threat. Based on it, this article brings the the-
ory of stereotype threat spillover, which comprises a broader understanding of how
stereotype threat spillover operates. According to this perspective, the threats reach
not only the domains where people suffered this type of judgment, but also reach
domains that are usually considered stereotype-free. The theory of Inzlicht et al.
(2011) is based on the premise that time spent in an intimidating environment causes
emotional and cognitive distress, and these residual effects influence behavior.

Presenting the same theoretical perspective, which stereotype and social identity
threat result in a series of physiological, emotional, cognitive, and behavioral con-
sequences, another research (Inzlicht and Kang, 2010) also exposes the stereotype
threat as a source of stress. When becoming more prone to failure, the individual
has physiological responses linked to stress because of the created expectation and
negative thoughts that consume their cognitive abilities (Inzlicht & Kang, 2010).
Therefore, Inzlicht et al. (2011) concludes that dealing with stereotype stress and the
threat to social identity influences the emotional field and, consequently, decreases
performance in stressful situations.

The research (Inzlicht and Kang, 2010) also suggests that these residual effects,
pointed out by Inzlicht et al. (2011), generate aggressive behaviors, and stereotype
threat acts as a stressor in any situation that the individual has to be involved. The
results of the study point out that the more people are aware that they are being
evaluated, the more aggressive they become towards the person who is evaluat-
ing. Moreover, the study also shows that one of the causes of this phenomenon is
related to the negative feedback received. Finally, the study points out that the lack
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of capacity to control the impulses generated by anger is a feeling generated when
facing the stereotype threat.

Some problems mentioned above, caused by the stereotype threat, are related to
the increase of the aggressiveness level, showing the need to understand the factors
and the basic concepts of aggressiveness in order to mitigate or stop this threat. The
study conducted in Anderson and Bushman (2002) brings the main theories related
to aggression, highlighting the Cognitive Neo-association Theory. According to
this theory, a sequence of behaviors such as frustration, provocations, loud noises,
uncomfortable temperatures, and unpleasant odors can produce negative effects.
These effects are produced by unpleasant experiences, and automatically trigger
thoughts, memories, physiological responses, motor reactions, and emotional reac-
tions. However, these same causes provoke the activation of priming (Anderson &
Bushman, 2002) and spread to other types of aggression.

Other studies approach the aggressiveness related to the instructors’ communica-
tion in the educational environment, investigating how the evaluative messages or
feedbacks are expressed. The research (Myers & Rocca, 2000) identifies the instruc-
tor’s form of verbal aggressiveness. This aggressiveness is identified by the students
as responsible for provoking several distinct impressions that can affect their per-
formance and engagement. This indicates that instructors need to be aware of their
behaviors and their way of communicating because their pedagogical skills can be
improved in the educational environment, making the experience more positive.

In this sense, the stereotype threats are configured as a set of artificial dangers
that can generate hostile environments. In the educational context, some situations
may arise, and certain social groups, with tendencies to suffer stereotype threat, can
awaken the consciousness of the risk of failure, of being harmed, or of having lower
performance. These situations can cause an increase in the level of aggressiveness
due to the presence of judgments and discriminatory behaviors.

2.3 Stereotyped gamified educational environments

Gamification is the application of game elements (e.g., competition, collaboration,
rewards, scores, interaction, levels, phases) in non-game contexts (Deterding et al.,
2011; Sheldon, 2012). This approach has been extensively used in education, aiming
to increase students’ engagement, change students’ behavior, and improve students’
learning outcomes (De Sousa Borges et al., 2014).

Although gamification is an agent of pedagogical change, the article (Orji et al.,
2018) shows a different perspective concerning the effects of gamified systems.
These environments usually adopt a “one-size-fits-all” approach and disregard the
individual peculiarities during the learning process. Therefore, in this context, users
are more likely to suffer stereotype threats.

Some studies conducted in gamified environments point out the performance dif-
ference concerning gender (Yiicel & Rizvanoglu, 2019), reporting women to feel
uncomfortable in such environments. A possible reason for this result is the low
use of computers by women (Colley & Comber, 2003) and the decrease of women
in STEM fields. In the study (Ortner & Sieverding, 2008), they used an emotion
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software (Facial Action Coding System) to measure the feelings of girls while per-
forming activities in STEM fields. The study revealed that texts with male stereo-
types arouse negative emotions in females.

Therefore, even though gamification offers a variety of benefits (e.g., motiva-
tion and engagement during the learning process), if the platform is not an inclu-
sive learning environment, it can have a detrimental effect on students’ performance.
This negative effect can cause a decrease in productivity, an increase in dropout
numbers, and other consequences generated by stereotype threats.

2.4 Flow experience

The flow theory of Csikszentmihalyi (2020) has been applied in different contexts,
be they education, culture or sports (Csikszentmihalyi, 2020; Snyder et al., 2009).
The flow state is characterized as a state of constant fruition, in which the individual
reaches a high concentration and has high intrinsic motivation. For the task to be
considered as a Flow promoter, it needs to provide the individual with at least one
of the following eight components (Csikszentmihalyi, 2020): 1. ’balance between
challenge and skill”, 2. ”fusion between action and awareness”, 3. “clear goals”, 4.
“feedback™, 5. total concentration on the task of the moment”, 6. ”” paradox of con-
trol”, 7. ’loss of self-awareness”, 8. ’transformation of time”. The systematic review
employed by dos Santos et al. (2018) indicates that there is positive evidence regard-
ing the application of flow theory in the fields of computing and education, espe-
cially the version by Csikszenmihaly (dos Santos et al., 2018). In these scenarios,
theory is being increasingly used and presents itself as an essential factor to generate
motivation and promote increased learning and the satisfaction of users of educa-
tional systems (computer-based learning) (dos Santos et al., 2018). Thus, it is neces-
sary to take into account the conditions to reach the state of flow when promoting an
activity in an educational environment. For this, there are several strategies, includ-
ing the gamification of these virtual spaces.

2.5 Related works and proposed work

Although the continuous search for alternative approaches by teachers to increase
students’ motivation and engagement (Sailer and Homner, 2020), as perceptions on
the effectiveness of active learning strategies (Daouk et al., 2016), the traditional
education system still shows the ineffectiveness of the passive learning method
(Riley & Ward, 2017), which is widely used (Dicheva et al., 2015). Therefore, gami-
fication emerges as an alternative to traditional teaching methodologies, presenting
game elements in educational platforms, from its context to the design strategies
and environment modeling. In gamification, components such as ranking, levels, and
rewards are used and can be applied in various areas such as marketing, health, poli-
tics, education, among others (Dicheva et al., 2015).

As an example of the efficiency of introducing gamification in teaching-learn-
ing environments, we have the study of Gémez Contreras (2020). This study aimed
to contribute to the increase of the application of gamification, considering its
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theoretical foundations, in educational learning systems. The study was conducted in
a distance course in Public Accounting at the Military University of New Granada.
The work revealed that the environment implemented with gamification promoted
more autonomy, social interaction, motivation and commitment among students.

Another example of work involving gamified educational platforms is Pedro and
Isotani (2016). In this study, a gamified educational environment is presented, called
E-Game, which aims to reduce inappropriate behaviors called gaming the system
(Cetintas et al., 2009), a behavior that consists of attempting to succeed in an inter-
active learning environment by exploiting properties of the system rather than by
learning the material. This study conducted experiments with elementary school
students, and two platforms were used: a gamified system and a non-gamified sys-
tem. At the end of the study, they concluded that the gamified platform allowed the
decrease of “gaming the system” behaviors. Furthermore, behavioral and motiva-
tional differences between genders were detected since boys showed a higher level
of engagement in the gamified environment when compared to the girls’ level of
engagement, and this occurred because of the presence of a feeling of incapacity in
girls inserted into these environments. The article (Pedro & Isotani, 2016) is highly
relevant because it allows us to think and consider the presence of the Stereotype
Threat in gamified educational systems because of this disparity detected between
the genres.

In the Threat context, a systematic literature review was conducted to investigate
research involving stereotype threat (Pennington et al., 2016). This review identi-
fied the main psychological mediators related to this type of threat and reinforces
the concept that multiple factors can affect academic performance, either in tasks of
high or low complexity. However, the study emphasizes that stereotype threat jus-
tifies many results below the expected in certain social groups, depending on the
level of achievement in certain social groups, depending on the position they occupy
and the way in which the activity is constructed. In another study (Pennington et al.,
2016), concerning the investigation of the impact of gender-related stereotypes on
females in online communities of electronic games, it was pointed out that the sub-
jects do not experience the stereotype threat in the same way, but in different ways
depending on their level of identification and involvement with the group to which
they belong.

In Kaye and Pennington (2016) was conducted a study that aims to analyze the
impact of stereotype threat on the performance of females playing online games.
The results pointed out that females who were under stereotype threat underper-
formed on the gaming task relative to males. Moreover, this study suggests that the
performance differences could be eliminated when females identify with an alterna-
tive positive social identity. In Inzlicht and Kang (2010) was investigated the effects
of stereotype threat to social identity. The study indicates evidence pointing to an
increase in aggressiveness, unhealthy food consumption, risky decision-making,
and attention control when subjects are faced with a stereotype-threatening situa-
tion. Therefore, based on the results reported in the studies that addressed stereotype
threats, we can relate the low performance of the girls identified in the educational
platform of the study (Pedro & Isotani, 2016) with the possible elements of threat
that could be present in it.
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In Laureano-Cruces et al. (2016), it is addressed the topic of modeling intelli-
gent learning systems. This study considers color psychology, learning styles, and
the role of emotions during the learning process to develop an intelligent learning
system based on affective computing theories to provide a better experience for stu-
dents. Color psychology is an area that deals with the importance of colors in the
existing components of educational environments, and this psychology can awaken
motivational responses in users, since each color has its particularity and different
forms of perception and communication. For example, the color red is related to
aggressiveness, hate and also serves to send messages of danger and attention to
learning systems. In another study, Vakili et al. (2019) was investigated the effect
of the color red in the classroom environment. In this study, it was pointed out that
students exposed to classroom environments with red walls had an increased level of
aggressiveness compared to students who were in white environments, for example.

In Lopes et al. (2019) was proposed a model for an automated gamified sys-
tem based on the user profile and its interaction with the environment, aiming to
solve the presence of possible stereotype threats. Considering that users access
the system for different motivations and that these can change over time, in this
proposed system model, a personality test would occur at the beginning of its
use, and during the usage time, users could make changes based on their per-
sonal preferences and would receive tips and suggestions for customization. This
proposal related to the creation of a model for an automated gamified system is
interesting because it aims to improve users’ motivation and engagement based
on their profile and interaction with the platform.

The objective of this study is to identify the relationships between the users’ level
of aggressiveness, intellectual performance, and the flow experience in a gamified
educational environment, considering the stereotypical or non-stereotypical nature
of the environment and threats to users’ identity. The first factor was the gender of
the participants (male; female), and the second was the gamified environment where
the students were allocated (control; stereotyped male (aem); stereotyped female
(aef)). The dependent variables measured in the research were the level of aggres-
siveness (recorded before and after the main experimental task), the level of perfor-
mance in an intellectual task, and the flow experience, according to Fig. 2.

To achieve the objective of the study, we submitted the following hypotheses
to empirical testing:

H1: Stereotyped environments provide distinct levels of experience for users,
with reflections on aggressiveness, performance, and flow measures. The formali-
zation of this hypothesis can be expressed in the following terms:

H, , Post Aggressiveness Level(control # aem = aef): The level of Aggressive-
ness post-interaction is different in the control group when compared to aem and
aef. The level of aggressiveness between aem and aef is the same;

H, , Performance(control < aem = aef): The performance obtained by solving
activity is lower in the control group when compared to aem and aef. The perfor-
mance between aem and aef is equal;
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Fig.2 Study Overview

H, . Flow(control < aem = aef): The flow level is different in the control group
when compared with the flow level of aem and aef. The flow level between aem
and aef is equal;

H2: Participants allocated in gamified environments with stereotype threats will
show different results on measures of aggressiveness, performance, and flow, as
defined below:

H, , Aggressiveness Level (threatening environment > control > non-threatening
environment): Participants’ aggressiveness levels in the threatening environment
will be higher than the participants’ aggressiveness levels in the control environ-
ment and the non-threatening environment. Participants in the non-threatening
environment will have a lower level of aggressiveness than participants in the
control environment;

H, , Performance(non-threatening environment > control > threatening environ-
ment): The participants’ performance in the non-threatening environment will be
higher than the participants’ performance in the control and threatening environ-
ments. Participants in the threatening environment will have lower performance
than the participants in the control environment;

H, . Flow(non-threatening environment > control > threatening environment):
The participants’ flow level in the non-threatening environment will be higher
than the participants’ flow level in the control and threatening environments. Par-
ticipants’ flow level in the threatening environment will have a lower flow level
than participants in the control environment;

H3: Performance and flow measures will be mediated by the participants’ level of
aggressiveness;
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Table 1 Subjects’ Allocation: Contingency Table

Gender X Platform
Gender Control AEF AEM Total
Female 23 19 21 63
Male 27 25 28 80
Total 50 44 49 143
2.6 Method

2.6.1 Subjects

The subjects of the study were randomly allocated to the experimental conditions,
according to Table 1. The total of participants was 150, but we identified 143
valid responses because one participant refused to answer the gender question,
and six did not answer the pre-aggression level.

The experiment was published on mailing lists in science, mathematics, engi-
neering and psychology courses. Once they accessed the platform, participants
read the consent form, and indicated their age and gender. Participants’ ages aver-
aged 18-24 years, followed by participants with a mean age between 25-34 years.
The platform allocated participants randomly, with a balance of number of par-
ticipants for homogeneity in their respective groups to avoid unequal analysis,
for further analysis of these participants considering the next age groups: 18-24,
25-34, 35-44, 45-54. The groups of participants were later created to analyze the
data from the evaluation instruments. For ethical reasons, the demographic infor-
mation of the participants was anonymized to ensure total privacy in the collec-
tion of information and future statistical analysis.

The participants’ distribution in the table shows a balance in the allocation to
the six experimental conditions, considering the Bayesian factor (BF;, =0,069)
or chi-square x*(2) =0,119 , p = 0,942).

3 Procedure

In this section, we will describe the gamified environments and the instruments used
to conduct the research.

3.1 Gamified educational environments

The tool used was proposed by Albuquerque et al. (2017) and adapted for this
experiment. In this tool is implemented the following gamification elements: points,
badges, ranking, avatars, and trophies. These gamification elements were imple-
mented in order to improve the users’ experience and increase their attention and
focus when performing the activities proposed on the platform.

@ Springer



1648 Education and Information Technologies (2023) 28:1637-1662

I Etapall- Tutor Aex 7%
Pontos Acertos ¥ <Sersonoiizdi Meus Troféus
0 0 Escolha um avatar
L] P T ' Y ;
Ranking S |
1 ol Aen — $ wﬂ
- -\ —
2 'T Valertne | 75
o
PR
o gy v —
4 m Damn -
s offfed wex 0

Fig. 3 Female Environment

Besides containing several graphical attributes that facilitate the users’ engage-
ment and learning, the platform provides its interface with different colors that were
chosen according to the experimental groups: one female, one male, and one neutral.
These different interfaces were randomly generated for each person who was going
to use the tool, enabling different experiences within the same platform.

The choice of colors implemented in the different interfaces of the platform was
based on the research (Anya C.H.Y., 2007). This study indicated which shades each
gender felt most represented. As result, the three versions of the system: (i) stereo-
typed female environment (Fig. 3); (ii) stereotyped male environment (Fig. 4); and
(iii) neutral environment (control) (Fig. 5). It is important to highlight that all the
gamification elements of the platform were composed according to the colors of the
interface in which they were located.

Given the literature discussed, the choices of alteration, in terms of colors and
graphic elements inserted. The blue color choice for the stereotyped Male Envi-
ronment gives hints of color with masculinity bias (Baliscei, 2020; Cohen, 2013),
as well as for the pink color inserted in some elements of the stereotyped Female
Environment (Baliscei, 2020). In aspects of biology, studies show that social con-
tact, or even for genetic reasons, the effects that shape the tendency of adults to
segregate their color preferences by gender. The gendered context of adulthood
also matters, especially when women have children (Cohen, 2013; Del Giudice,
2012). Finally, other studies discuss and reinforce that the preference for these
color preferences about gender happens through gender stereotypes and status
differences between men and women (Jonauskaite et al., 2019).

Through this perception and the evidence found in the literature, this proposal
uses the spectra of colors Blue, Gray, and Purple, as shown in the figures. The
elements and gender dominance were also incorporated into the design of educa-
tional technologies.
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Fig.5 Control Environment

Although they are subtle situations, the changes of each educational environment had
the character of subtlety, since such elements, as well as colors, are essential for stereo-
typed environment representation with regard to technology design. In addition, educa-
tional environments were the closest to the educational reality. Traditionally, colors are
used in various areas (marketing, advertising) as gender stereotypes (Yang and Li, 2016).

¢ Female Environment: The gamified tutor system with female gender stereo-
types presents a predominantly purple color, with rankings that present only
female gender participants, in addition to purple colored badges and avatars with
only female illustrations;

¢ Male Environment: The gamified tutor system with the stereotype of the male
gender features a predominant color is blue, with rankings that feature only male
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gender participants, in addition to colored badges in blue and avatars with only
male illustrations;

e Control Environment: The gamified tutor system with neutral attributes has
a gray color, with rankings that feature participants of both gender, male and
female, as well as avatars with male and female illustrations. This version was
considered the control of this experiment.

In addition, the platform was adopted and used only for the experimental character.
The participants of this experiment marked their consent to never having participated in
this or other similar research. Thus, with guarantees unique subjects for the experiment.
This version was developed using Python and AngularJS programming languages.

The following game elements are based on the components that are instances
of the dynamics and mechanics observed in the gamified environments presented.
Points are a quantitative metric that measures users’ performance. As the par-
ticipants answer questions, points could be removed or added depending on their
response. The leaderboard is used to reveal how the student is doing compared
to other participants on the platform. This element also shows how the student is
advancing regarding the mastery of the contents. Avatar is a visual representation of
the users’ characters, and the users choose the character they are most familiar with
or interested in. The avatars of the platform were redesigned, so that elements were
used that made the individual who is using the platform feel more comfortable and
represented. The avatars of the platform were redesigned in order to make the indi-
vidual who is using the platform feel more comfortable and represented.

Points are a quantitative measure representing user performance on target
behaviors to increase engagement. On the platform it was provided as follows:
Every user starts with O points, in choosing the avatar he receives 10 points, and
for each correct answer, 5 more points are attributed to his score, and for each
error, 5 points are taken from his punctuation. Badges, or trophies, are awarded
to the user when he achieves an achievement of 25 or 50 points. Avatar is the
visual representation of a user’s character, he chooses the one he is most familiar
with, or has the most preference. The platform avatars were reformulated, so that
elements were used that would make the individual who is using the platform
feel more comfortable and represented. The colors that were used were related to
Anya C.H.Y. (2007) which indicates which shades each genre has as a preference,
and feels more represented.

3.2 Instruments

To measure the dependent variables, we used three scales: a scale to measure
aggressiveness, a scale to measure performance, and a flow measure. The aggres-
sion questionnaire has 4 scales: Physical Aggression, Verbal Aggression, Anger,
and Hostility. The final aggression score is a mean between the four scales. The
flow scale is an instrument to measure a flow state of a user.
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The degree of aggressiveness was measured in two moments using the same
instrument. A pre-test and a post-test were answered by the participants, with 36
questions each based on Buss and Perry (1992) with four scales: Physical Aggres-
sion, Verbal Aggression, Anger, and Hostility. The application of a Bayesian
t-test for independent measures showed that the mean of male and female par-
ticipants did not differ significantly, both in the pre-test (BF;, =0.219), and in
the post-test (BF, =0.232) (t(141) =0.650 , p = 0.516 e t(141) =0.739, p =
0.461). Four outliers were identified in the pre-test and three in the post-test, but
the scores were adjusted based on the nearest value. For the transformation of
the outliers, according to Tabachnick et al. (2007) that if no substantial reason is
given for the transformation of the outliers, they must be transformed. As there
were only six cases and the modifications did not introduce substantial changes in
the distribution of results and did not violate statistical principles, the most con-
servative solution of equating each outlier to the nearest non-outlier immediate
value was adopted (Tabachnick et al., 2007). We measured the intellectual per-
formance using an instrument, adapted from (Albuquerque et al., 2017), for the
experiment (logic test) to measure the performance task, consisting of 20 items.
The minimum score of the questionnaire was 0, and the maximum score reached
was 110 points, with a mean of 61.7 and a standard deviation of 29.4. The distri-
bution of results was normal, and we identified no outliers.

The flow measure was obtained using a questionnaire containing 26 questions
according to Bittencourt et al. (2021). The validation results for this scale indi-
cate good fit (X2-df =2.94, CFI =0.98, TLI =0.97 and RMSEA =0.053). The
minimum value was 189.0, and the maximum value was 442.0, with a mean of
318.6 and a standard deviation of 56.7. Six outliers were identified, whose scores
were also adjusted. The distribution of the scores was normal, with no violations
in terms of skewness and kurtosis.

The conduction of this experiment involves the following steps:

1. Answer and accept the terms of the study;

Answer the Aggressiveness Test - Pre-Aggressiveness Measure;

At this moment, the system randomly generated either of the following versions
of the platform for the participant: Control, Stereotypical Male Environment, or
Stereotypical Female Environment;

Choice of avatars, according to the generated platform;

Answer the performance activity - Logical Test;

Answer the Aggressiveness Test - Post-Aggressiveness Measure;

Answer the Flow Test.

w N

Nk

4 Performed statistical analyses
According to Berger et al. (1994), Bayesian inference is a statistical methodology

based on the definition of probability as a degree of information. The main character-
istic is the ability to combine new evidence with previous knowledge through the use

@ Springer



1652 Education and Information Technologies (2023) 28:1637-1662

A B C

70 75 380
70

65 — 360 —
65 — 350

60 — 60

posttest

55
55 1 320
50 — 310 —
50 ' - . 45 — 300
I 1 1 T 1
ctrl female male ctrl female male ctrl female male

Test type Test type Test type

activity

flow
W W
(A
o o

1

Fig.6 Differences in the means of post-test aggressiveness (A), performance (B), and flow (C), as a
function of the gamified environment

of the Bayes rule. In addition, four fundamental aspects that characterize the Bayesian
approach to statistical inference can be identified: (i) A priori information (previous);
(i) Subjective Probability; (iii) Self consistency; and (iv) No ”ad hoc” procedures.

Therefore, to test the hypothesis, we conducted a simple Bayesian ANOVA,
Bayesian factorial ANOVA, and Bayesian factorial repeated-measures ANOVA. To
measure correlation coefficients, was used Pearson’s Correlation. Bayesian statisti-
cal conduction was used to determine how many times the null hypothesis is best
based on the degree of probability. This is due to the interval nature of the data
and the procedures of comparison between the experimental groups (control, male
stereotyped environment, male stereotyped environment). To compare the effects
between the groups, a Bayesian Post-hoc analysis was also conducted.

5 Results

In this section, all the statistical analyses performed in this study will be presented.

The first hypothesis tested aims to evaluate the isolated effects of gamified envi-
ronments on the dependent variables. Initially, we tested the hypothesis that the type
of environment caused differences in the level of aggressiveness, showing that an
environment changed to meet gender-equity requirements would cause a different
aggressiveness pattern when compared to a neutral environment. To test the hypoth-
esis, we conducted a simple Bayesian ANOVA, with contrast different from 0, with
values of -1.5 for the control and 1.0 for each of the stereotyped gamified environ-
ments. A contrast is a vector of weights with values that defines a specific compari-
son over means. They are used to testing more focused hypotheses than the overall
omnibus test of the ANOVA (Hilton and Armstrong, 2006). The result was statisti-
cally significant (t(141) =6,589, p <.001) and the means (observed in graph A plot-
ted in Fig. 6), show that after conducting the experimental task, the male environ-
ment provided a detectable increase in aggressiveness. However, the same result did
not occur with the stereotyped female environment, whose means did not differ from
those recorded among participants allocated to the neutral environment.

In the test H, ;, the same procedure of the previous analysis was adopted, adjust-
ing the contrast (estimate of the true population value) values to -1,5 in the control
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condition, and 1.0 for the two stereotyped environments. The result was statistically
significant (t(141) =2,118, p =.036), with the means (plotted in graph B of Fig. 6,
suggesting that the stereotyped male and female environments increased the perfor-
mance level of the participants compared to the results of the participants allocated
to the control group. A similar procedure applied in the previous analysis was used
to test Hlc, and the results were also significant (t(141) =2,063, p =.041). However,
the means analysis (Fig. 6C), showed that only the stereotypical female environment
provided a measurable increase in the flow level. In the stereotypical male environ-
ment, the score was close to those found among the participants allocated in the
control group.

Although the previous results (Christy & Fox, 2014; Albuquerque et al., 2017;
Jamieson & Harkins, 2012; Dasgupta et al., 2015; Cross et al., 2022) show that the
gamified environment influences psychological variables as aggressiveness, intellec-
tual performance, and flow level, they raise questions about the direction of these
changes and the impact they may have on users’ usability and performance in these
systems. To address these questions, we analyzed the interaction between users’
characteristics and these environments’ particularities. Since we allocated male and
female participants to stereotyped environments that were characterized as neutral,
male and female, it was possible to conduct Bayesian factorial ANOVA to test the
subsequent hypotheses.

To test H, , we generated a Bayesian factorial repeated-measures ANOVA, with
participant gender and environment type as IV and the two measures of aggressive-
ness, before and after, as DV. A model with a Bayesian factor equal to 84.5 was
generated, a value that allows us to interpret that the hypothesis H, , was 84 times
better than the null hypothesis H, , of absence of effect of the two variables on
aggressiveness.

To present the results, we re-coded the participants’ responses. We coded the
responses of the males allocated to the stereotypical female environment as 1, and
we coded the responses of the males allocated to the control and male environment
conditions as 0. We adopted the same reasoning to re-code the female’s answers.
Therefore, we coded the responses of the females allocated to the male gamified
environment as 1, and we coded the responses of other females as 0. This process
allowed the inclusion of two new variables, threatened male and threatened female,
whose scores are plotted in Fig. 7.

The scores show a clear tendency for participants with low and medium prior
aggressiveness scores. These participants’ post aggressiveness scores level increased
when allocated to a threatening condition, an effect more noticeable among females.
Among participants with high prior levels of aggressiveness, we identified that the
threatening environment significantly reduced their post aggressiveness scores,
mainly among males threatened by a female environment.

To test H, ;,, we conducted a Bayesian factorial ANOVA, with participant gender
and the gamified environment as IVs and performance score as DV. The generated
model favored the null hypothesis of no effects (BFO1 = 151,321), which is a strong
indicator that the interaction between participant gender and environment did not
influence participants’ performance.
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Fig. 8 Mean of flow scores by threatening environment for males and females and age

To test the hypothesis H, ., we conducted two Bayesian linear regressions, using
the variables threatened male or threatened female and age above 34 years as pre-
dictors and the flow score as the DV. A regression model of good quality (BF10 =
4,272; R2 - 0,047), was generated for the threatened male, with the male threatening
environment as the main predictor, while for the female threatening environment,
the model was not significant (BF10 = 0,594; R2 - 0,018). The results, as plotted in
Fig. 8, show that a threatening condition provided a significant increase in the flow
level among males subjected to a threatening condition. This did not manifest itself
with females, whom the patterns of graphical presentation of the results moved in
the opposite direction.

To test the hypothesis H;, we generated a correlation matrix among the variables
flow, pre- and post-aggressiveness, and performance pattern, which allowed us to
identify a correlation trend between flow and activity, as shown in Table 2

Based on this, variations in the aggressiveness’s levels of the participants were
identified, considering age groups (Pre and Pos Agre. p < 0.001 and r = 0.961;
Flow and Performance p = 0.091 and r = 0.141). Therefore, the participants
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Table2 Correlation coefficients between the variables flow, performance, pre-test and post-test aggres-
siveness

Pearson’s correlation

Variable Metric Pre Agre. Pos Agre. Performance Flow
Pre Agre. Pearson’s r - - - -
p-value -
Pos Agre. Pearson’s r 0.961 - - -
p-value < 0.001 - - -
Performance Pearson’s r 0.042 0.052 - -
p-value 0.620 0.537 - -
Flow Pearson’s r -0.083 -0.104 0.141 -
p-value 0.321 0.213 0.091 -
Fig.9 Effects of the variables 450 — threatened male
of performance and threatened — 0
male on the flow score 400 4 1
350 — . :
2
2 7 :
300 - VS
250 -
200 ~
I T T 1
0 30 60 90
performance

were divided into groups corresponding to their age. The group with the greatest
variation in pre- and post-aggressiveness was the group with 34 years.

Posteriorly, we conducted a linear regression backward method with the vari-
able flow as a criterion and the variables pre-aggressiveness, post-aggressive-
ness, performance, threatened man, threatened woman, and age up to 34 years as
predictor variables. This allowed us to generate a model (adjusted r2 = 0,048; F
(5,143) =2,448, p = 0,037) with two predictors, threatened male and age up to
34 years, whose effects on the flow score can be seen in Fig. 9.

Figure 9 indicates representative oscillations in the relation between the lines,
being identifiable as a marked distance when the participant obtains a medium
score, in which the flow increases. Moreover, there are also notable marked
approximations in the extreme positions of the graph, particularly when the
score is from medium to high.
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6 Discussion and conclusion

The results reported show that the male environment provided a detectable increase
in the level of aggressiveness, and that the stereotypical male and female environ-
ments increased the level of performance of the participants. The literature may
explain this phenomenon as the effect of novelty for the students, as a rewarding
mechanism when performing the task proposed by the educational setting (Christy
& Fox, 2014; Albuquerque et al., 2017). We also verified that the threatening con-
dition provided a significant increase in the flow level among males submitted to a
threatening condition, which did not manifest in the case of females.

The stereotyped gamified environments showed significant effects on the levels
of aggression. This effect, generated by the stereotype threat, is similar to that found
in the study of Inzlicht and Kang (2010) that studied the effects of the stereotype
threats on social identity while doing math tests. In addition, as a result, in a threat-
ening male environment, increased aggressiveness’ levels could be detected, and
this insight could generate emotional and cognitive stress. In addition, the control
version environment was a system in which everyone had similar opportunities, and
the literature discusses this effect (Kizilcec et al., 2017).

In terms of color perception and the use of stereotyped design elements, the
results show an understanding of the phenomenon of colors. The elements used,
cultural aspects, and characteristics inherited from parents or people through social
interaction can also be generalized in colors, according to the blue color strongly
present in stereotyped technology for men. Therefore, the version of the stereotyped
technology for men influenced the behavior of women by the presence of blue color
in the design or by the dominance of the design elements as avatars inserted for the
male gender.

It is also important to highlight that, instead of impairing the performance levels
of participants exposed to threatening environments, according to Inzlicht and Kang
(2010) and Steele (1988), this study found a significant increase in the level of per-
formance of participants exposed to threatening environments when compared to the
control environment, which is also an interesting indicator of the assumptions of the
multi-threat Framework which confirms that the subjects, even though members of the
identity group, experience the threat in different ways (Shapiro and Neuberg, 2007).

The flow measurement was only significant in the female stereotyped environ-
ment, which could indicate that the subject’s identification factor with the environ-
ment, in the case of women and women, can contribute to the valuation of positive
psychological variables, such as performance and flow. Although this identification
factor is present in the study by Rosenberg-Kima et al. (2010), which found signifi-
cant changes in the performance of female students who identified with the avatars
used on online platforms, and with other graphic elements, such as animations of
their gender, our study identified that the participants who identified themselves as
women showed a difference in the level of flow not significant when compared to the
neutral environment, while men, in the same female stereotyped environment, pre-
sented. What may have occurred in this case is somewhat similar to that indicated
by some studies of the literature review of Pennington et al. (2016) that showed
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some subjects have a decrease in performance and other psychological variables.
The increase in the measure of the flow of males in the female stereotyped environ-
ment may have been due to the need to meet chauvinist cultural precepts rooted in
the social imaginary, in which an ideal of superiority between men and women is
presented (Christy and Fox, 2014). The literature also discusses that concern based
on comparisons may influence individuals’ behaviors. In this scenario, the control
environment, which was free of dominance comparison, generated an effect more
positive for men (Albuquerque et al., 2017).

In conclusion, the study shows different performance levels in stereotyped plat-
forms. In addition, the logical test could be easy for all subjects. The logical domain
could be used as a hard task. A male group is a group with little influence on stereo-
types. Furthermore, with the female environment, it was possible to have the best
flow levels, indicating a characteristic discussed in the literature such as the feel-
ing of competition between men, and affinities for women. In addition, the impact
of observing levels of aggression in students using educational technologies is
immense. Especially in the current scenario provoked by the pandemic generated by
Covid-19, with thousands of students inserted into the context of online education.
Observing the effect of stereotyped environments on aggressiveness provides a path
to research, especially for the construction of technologies with the lowest incidence
of stereotypes. Furthermore, it is necessary to construct studies that are capable of
detecting stereotypes that are embedded in online educational technologies. This
study points out initial indicators of characteristics that are inserted in the design of
educational technology that can trigger a state of stereotype threat.

6.1 Threats to validity
6.1.1 Threats to internal validity

The pandemic caused by COVID-19 may have influenced the way users responded
to the platform tests, considering that it is a period that has caused psychological
suffering, raising of stress levels, melancholy, and possibly aggressiveness in the
population because of confinement and constant threat to life. Furthermore, it is
also possible that the participant may have had a stressful and/or distressing experi-
ence before and/or during performing the tests, which may also cause a difference
in the aggressiveness levels. The colors used to indicate the wrong answers may
have aroused signs of aggressiveness in the participants, since the exposure to the
color red may affect the level of aggressiveness, as indicated by Vakili et al. (2019).
Moreover, the sounds used to indicate the wrong answers may have aroused signs of
aggressiveness in the participants, since the sound may have acted as an irritability
or discomfort factor (Anderson and Bushman, 2002). Finally, the fact that partici-
pants always lose points when they miss a question may have been considered as an
irritability factor. The control environment’ design may have influenced the results
of the activities and the Flow. Knowing that a trend can trigger risks with statisti-
cal analysis of correlational trends, we consider it necessary to show the correlation
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between flow and performance, since these results were presented as a trend, with a
risk of false-positive.

6.1.2 Threats to construct validity

The Aggressiveness index may have been impaired because there was no randomi-
zation in the order of the items included in the pre-test and the post-test. This could
allow users to answer the post-test in the same way as they answered the pre-test.

6.2 Limitations

We did not collect age group and level of education information from the partici-
pants. This implies that we could not determine which age group, and/or to which
level of education, the increase in aggressiveness in gamified educational environ-
ments is more related.

6.3 Future works

Our future works include conducting a study, similar to this article, with a focus on
specific age groups and specific levels of education to investigate to what extent the
effect of stereotype threat on aggressiveness is linked to the students’ performance
in these conditions. In this future work, we are going to reassess the items related to
aggressiveness, randomizing their order in the pre-test and post-test. Moreover, we
are going to add, in the logical reasoning test, an alternative that does not imply a
loss of points for the participants. In addition, explore different colors and gamified
elements. Some colors could be explored considering age preferences between gen-
der. It could be a future work.
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