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Abstract

Introduction

Different forms of verbal aggression are often present in cyberbullying, which may impair executive function
skills that enable the regulation of emotions and behavior. Emotion and behavioral regulation has been
associated with better social adjustment and more positive interactions between peers. This study aimed to

understand if fostering emotion and behavioral regulation strategies could decrease aggressive communication.

Methods

A quasi-experimental longitudinal design, based on a Twitter client mobile application, with pre-posttest
measures was used. For the application, we explore different machine learning approaches, including
Computational Intelligence methods. Multilevel Linear Modeling and frequency analyses were performed. A

convenience sample of 218 adolescents (Mage = 14.67, SD = 0.84, 53% female) participated in the study.

Results

Results suggest that a Twitter client mobile application intervention based on emotion and behavioral regulation
strategies may help decrease adolescents' aggressive communication. Moreover, female and male participants
who used the digital application tended to present distinct trajectories over time with regards to searching for

information concerning prosocial behavior.

Conclusions

These findings suggest that digital tools resorting to emotion and behavioral regulation strategies may be
effective in reducing an aggressive communication style amongst adolescents and consequently, promote
resource seeking to engage in prosociality. These results can be significant for the design of intervention

programs against cyberbullying.
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1. Introduction

Violence among peers has been a growing phenomenon worldwide amongst youth, making it a topic of priority.
In a recent study, approximately 150 million adolescents have taken part in peer violence, such as sexual
attacks, physical fights, bullying and cyberbullying [1]. Cyberbullying is considered an extension of bullying by
some scholars and is often defined as intentional and repeated harmful behavior towards others through the use
of electronic devices [2]. Although there are many benefits derived from the use of social media, namely
improved subjective well-being from using social networks, individual differences seem to moderate positive or
negative effects resulting from this use. Moreover, adolescents are often in contact with risk behavior while
using social media such as cyberbullying [3] and quick maturational brain changes occur during adolescence, a

time which is linked to risk-taking behavior and cognitive development [4].

Cyberbullying may have an impact on adolescents’ mental health and well-being and, in turn, on their
adjustment to school and academic performance [1]. Furthermore, this type of toxic experience may impair
adolescents’ development of executive function skills and self-regulatory behavior, which are important for
them to manage threat and stress [5]. These executive function skills (i.e., working memory, inhibitory control
and mental flexibility) are crucial for the development of emotion and behavioral regulation [6], which enable
adolescents to plan and solve problems [7], which in turn, aid them in dealing with phenomena such as
cyberbullying. Thus, it is essential to reduce adolescents’ involvement in aggressive situations, such as
cyberbullying and promote the self-regulation of emotion and behavior to foster healthy socialization

experiences among adolescents [8].

Cyberbullying behavior may involve various forms of verbal aggression, such as threats and insults, which are
used to inflict harm on others in virtual interactions [9]. Verbal aggression is related to an aggressive style of
communication, which is an individual’s personal characteristic that may be transferred to a communication act
[10]. Affective-emotional processes have been known to be associated with aggressiveness and can inclusively
be antecedents. Therefore, it is fundamental to understand how emotions can be regulated so that behavior may
also be regulated to reduce aggression [11]. Effective emotion regulation is imperative for mental health, and
difficulties in regulating emotions are related to injurious behavior [12]. Moreover, maladaptive emotion

regulation, specifically suppressed anger, has been associated with aggressive behavior among youth [13]. In



fact, during adolescence, individuals’ difficulty in regulating anger and sadness tends to be related with violence

among peers, namely the use of physical and relational aggression [14].

Considering emotion and behavioral self-regulation processes enable individuals to self-direct their behavior
toward more positive interactions with others [15], it is relevant to understand how self-regulation strategies
may be used to reduce adolescents’ aggressive behavior. Ultimately, this may prevent cyberbullying situations
through less aggressive communication, and promote pro-social behavior among youth. In view of this, we
propose to understand if a Twitter client mobile application that promotes emotion and behavioral regulation
may have an impact on adolescents’ style of communication when in online interactions. For this application,
we explore different machine learning approaches, including Computational Intelligence methods [16, 17], an
Al area that encompasses the theory, design, application and development of biologically and linguistically
motivated computational paradigms (https://cis.ieee.org/about/what-is-ci). Artificial Intelligence (AI)
approaches have the potential to make predictions across time and context, incorporating uncertainty in the
analyses. This leads to informative predictions. Time is a key factor to understand how developmental processes
occur [18]. Thus, when data is collected on numerous occasions for each individual, it constitutes a repeated
measures design [19]. Accordingly, repeated measures data can be analyzed with multilevel modeling, where
various levels (within and between subjects) may be examined, even with the incorporation of missing data,
which is an advantage when examining ecologically valid data from real-world occurrences [18]. By
comparison, biologically inspired Al for instance, is a promising avenue to explore complex non-linear
phenomena with changing conditions [20]. Moreover, Al techniques, such as machine learning, are successful in
analyzing biological systems and behavior, which are complex and hierarchical in nature and include multilevel
data [21] — as is multilevel modeling [18]. Continuous data collection, as we present in this study, enables the
analysis of behavior by both explained Al approaches [22] and multilevel modeling. Moreover, since the
literature has mentioned that cyberbullying behavior seems to vary with regards to sex [23], we propose to better
understand the type of impact the application may have on male and female adolescents. Therefore, in this

research, we propose to answer the following questions:

o Can there be change in an aggressive style of communication through the self-regulation of emotion
and behavior?
o Are there any differences between male and female adolescents with regards to the application’s

usage?



2. Cyberbullying: Communicating with Aggressiveness

The literature has linked aggressive behavior to a combination of deficits in assertiveness and a predominance of
aggressiveness in communication. In cyberbullying, aggressive language is one of the main forms used to attack
others by causing embarrassment, hurt, and psychological harm [9, 10]. The most frequent style of

communication in cyberbullying is aggressiveness, which may constitute verbal attacks (e.g., on intelligence and

physical appearance), insults and threats [23, 24].

Communication styles may be defined as cognitive processes that involve micro behavior which transmits literal
meaning from one individual to another, and that include unique features which are produced in the act of
communication [25, 26]. There are three key styles of communication which are associated with unique forms
of verbal and nonverbal communication, namely assertiveness, passivity, and aggressiveness [27]. Accordingly,
assertiveness is the expression of personal thoughts, feelings, opinions and needs in a direct, honest, and
adequate manner. Passivity refers to not being able to express personal needs while denying personal rights.
Lastly, aggressiveness is a style of communication which individuals use to claim personal needs and desires
without respecting others. This paper focuses on this last style of communication, since it is predominant in

incidents of cyberbullying [23, 24].

3. Fostering Prosociality through the Emotion and Behavioral
Regulation of Aggressive Communication

Aggressiveness may be explained by the combination of impulsivity and the lack of mechanisms of emotion and
behavioral self-regulation, reflected in the tendency to respond rapidly without thinking about behavior [28].
Furthermore, recent research has related difficulties in emotion regulation with cyberbullying behavior [29, 30].
Thus, using emotion and behavioral self-regulation strategies could be effective in helping adolescents regulate
an aggressive style of communication, particularly when communicating with peers. Furthermore, reducing an
aggressive style of communication could help adolescents cope with conflicts in a more pro-social way online
[31] as well as in other interpersonal interactions (e.g., school, home). Ultimately, this could help reduce the

incidence of cyberbullying amongst adolescents.

Self-regulation allows individuals to deal with the effects of external influences, and concurrently determines

intentional action, thus, allowing to self-direct change [15]. Self-regulation processes derive from the level of
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development in executive function skills, such as working memory, inhibitory control, and mental flexibility [6]
and are part of individuals’ personal agency, which refers to self-directedness - that is, the influence they have
on their own functioning and their surrounding environment. This process involves intentional proactive plans
of action and possible strategies (i.e., intentionality) which are triggered by executive function skills [7], to
establish goals and anticipate outcomes which guide and motivate one’s efforts (i.e., forethought), to execute
action plans and self-regulate (i.e., self-reactiveness), and to self-examine one’s own functioning (i.e., self-

reflectiveness) [15].

Emotion regulation involves individuals’ efforts to maintain, inhibit and enhance emotional experience and
expression [32-34]. Emotions are related to cingulate activity in the limbic system, which is important for
regulating affect [35], and can be considered as physiological, behavioral and experiential response tendencies
that gradually emerge [36], involving factual cognitions (beliefs) and a continuous cycle of appraisals, responses
and reappraisals that function to improve adaptive behavior [37]. Since individuals’ evaluations depend on
whether events are perceived as one’s own responsibility, are probable, unexpected, desirable, and even morally
good or bad [38], emotion regulation may be either deliberate (strategic), or automatic [39]. While deliberate
emotion regulation is influenced by explicit goals, involving reflection, effort, and attentional resources [40],
automatic emotion regulation involves implicit goals and a lack of reflective decision-making [41]. Accordingly,

emotion regulation enables individuals to function effectively in their environment [32].

When faced with difficult emotion experiences for instance, those who can use deliberate emotion regulation
adaptively through different emotion regulation strategies, such as emotional awareness and acceptance [42], are
still able to engage in goal-directed behavior [43, 44]. While emotional awareness refers to the knowledge one
has of one’s own emotions [42], acceptance involves embracing undesired feelings without changing or
eliminating them to mitigate emotional distress [45]. On the other hand, those who use maladaptive emotion
regulation (i.e., over- or under-regulation) in difficult emotion experiences are unable to engage in goal-directed
behavior and block the emotion experience from continuing [46]. This process can lead to negative
consequences for individuals’ psychological, physiological, social functioning and goal attainment, and may
result in aggressive behavior [46]. In general, the literature seems to highlight the importance of emotion and
behavioral regulation to promote positive social interactions and reduce aggressive behavior among adolescents.

Aggressive online communication represents such behavior and is a component of cyberbullying.

Several studies have suggested that digital tools (e.g., applications, serious games) for intervention in

cyberbullying should consider integrating self-regulation methods and include training of emotion-related
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variables (e.g., empathy) to change negative behavior into prosociality [47]. One of these tools addresses
bullying amongst adolescents by fostering empathy (e.g., FearNot!; [48]) which refers to individuals’ ability to
understand and feel others’ emotions, and focuses on cognitive and affective dimensions [49]. Specifically, this
research showed that children who experienced the intervention with those digital resources revealed more
cognitive empathy towards others and more positive perceptions of their school environment. Other studies have
focused on resources to prevent and intervene in cyberbullying through a social cognitive perspective (e.g.,
[15]). One of those studies refers to a serious digital game to intervene in cyberbullying (i.e., Friendly Attac),
which revealed positive effects related to pro-social behavior, such as helping others, although no significant
results were found concerning empathy [47]. Moreover, Reflective Interfaces is an example of a digital resource
to address cyberbullying from a self-regulation approach, which involves the use of messages to encourage self-

reflection in online behavior [50].

In view of the literature presented, we argue that fostering behavioral and emotion regulation strategies (e.g.,
emotional awareness and acceptance) may help adolescents decrease their aggressiveness when communicating
online in difficult emotional experiences, such as cyberbullying incidents, and consequently, may lead to more
pro-social behavior among adolescents. Moreover, following the objective of integrating self-regulation
strategies in digital tools, this study proposes to understand if a Twitter client mobile application aiming to
foster behavioral and emotion regulation could contribute to more positive social interactions among adolescents

by reducing aggressive communication. In line with this, we hypothesized that:

There can be a decrease in an aggressive style of communication through the use of a digital

application integrating emotion and behavioral self-regulation strategies.

In addition, sex seems to predict the type of cyberbullying behavior [S1]. According to the literature, there is
also a tendency for male individuals to be more engaged in direct forms of aggression (e.g., physical and
verbal), whereas females tend to engage more in indirect types of aggression, such as social isolation and
intentional exclusion from a group [52]. Consistently, indirect types of aggression are more frequent in
cyberbullying and more common among females, as opposed to males [S1]. Another study found that, unlike
males, females tend to engage in cyberbullying in groups [23]. From a neurological perspective, studies on sex
differences have revealed that several areas of functioning of the brain (i.e., white matter anisotropy) in male
individuals seem to be related to lower impulsivity [53] and that maturation of medial frontal cortices in these
individuals are associated with the development of rational decision-making and avoidance of risky choices

[54]. These sex differences have implications in terms of specific vulnerabilities to maladaptive behavior,
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considering their association with risk-taking tendencies [55]. In fact, considering the evidence presented, it
seems that adolescent males may be less vulnerable than female adolescents to risk- and reward-related
maladaptive behavior [55]. Therefore, we propose that the usage of the application may vary depending on

whether adolescents are male or female. Hence, we argue that:

There are differences between male and female adolescents with regards to the application’s use.

4. Method

4.1. Participants

A convenience sample of 218 9" graders (Mage = 14.67, SD = 0.84, 53% female) from three public schools in
Lisbon participated in this study. Adolescents’ participation depended on their own volunteerism and parental

consent. Participants were randomly distributed in four different conditions:

e  Experimental condition 1 (EC1; n =39, Muge = 14.64, SD = 0.87, 69% male):
e  Experimental condition 2 (EC2; n = 64, Mage= 14.83, SD = 0.92, 64% female);
e Experimental condition 3 (EC3; n= 66, Mage= 14.65, SD = 0.87, 57% female);

e Control condition (CC; n =49, Mage = 14.53, SD = 0.65, 51% male).

The imbalance concerning the size of the conditions resulted from practical constraints related to the school
setting. Specifically, although participants were equally assigned to the different experimental conditions at the
beginning of the investigation, a lack of parental authorization to use the application in the EC1, led to this
imbalance. Ethically, since the participants from the different experimental conditions were in their natural
groups (i.e., classes) and were all entitled to participate in the research project, they could not be moved to other

conditions to ensure a balance in group size.

4.2. Instruments
4.2.1. Measures

During the initial development of the measures used in the present investigation, the face and content validity

were tested with three adolescents. The instruments were developed within two research projects’.

U Cyberbullying: The regulation of behavior through language [Foundation for Science and Technology (FCT),



Aggressiveness in Interpersonal Communication (AIC) is a 10-item task, based on Jakubowski and Lange’s [27]
theory of communication styles, specifically with regards to aggressiveness. It was assessed with the Item
Response Theory (IRT) approach by computing Rasch analysis with the Winsteps program [56] because we
wanted to measure its unidimensionality, including the level of difficulty of the tasks’ items, as well as to
understand participants’ scores of aggressiveness in hypothetical situations. Participants were asked to respond
to daily life situations of adolescents (e.g., ‘A friend says to you [Your shirt is really horrible!]. How likely are
you to respond? [What’s that got to do with you?]). In doing so, they should position themselves in each
situation and respond in the manner presented in terms of likelihood from 1 (not likely at all) to 5 (very likely).
Winsteps enabled us to estimate the participants’ scores on a one-dimensional logit scale and evaluate the
properties of the AIC. We used Rasch polytomous methodology to examine the instrument and the participants’
scores because we had polytomous data, rather than binary data, and wanted to avoid any effects of guessing
due to the multiple-choice format of the questions in the task [57]. Specifically, we used the Partial Credit
Model (PCM), an extension of the Rasch model for polytomous items [58]. The PCM for linear measures of
observations of ordinal scales is 10g (Prit/Pnik-1))/On-Piti, Where Pix is the probability that person n responds in
category k£ when faced with item i. In accordance, Pxix 1) is the probability that the response is in category k-1,
O, is the ability of person n, fi is the difficulty of item i, and t is the step calibration in the rating scale
threshold (which is defined as the position equivalent to the equal probability of responses in adjacent categories
k-1 and k [59]. All items were assessed to understand whether they had excessive infit and outfit mean square
residuals. None of the items showed infit/outfit higher than 1.5, as well as z statistic > 2.00, as suggested in the
literature [60]. Item 2 was the easiest or the most reported item with a reported/difficulty level of —1.05 log,
whereas the most difficult or least reported was Item 8 with a reported/difficulty level of .96 log. The
distribution revealed a narrow range of difficulty (—1.05 < Di < .96). We considered other reliability indicators
from the Rasch measures for AIC including, Cronbach’s alpha, Person Separation Reliability (PSR) and the
Item Separation Reliability (ISR) [61]. AIC revealed a Cronbach’s a of .72, a PSR of .69, and an ISR of .99.
These scores indicate good internal consistency reliability [62] even though the PSR revealed difficulty on the
participants’ behalf. After removing subjects with excessive infit/outfit, the PSR was .70, the ISR remained

stable (.99) and Cronbach’s « increased to .73.

PTDC/MHC/PED/3297/2014] and The Bystander Effect in Cyberbullying - taking responsibility and intervening

through the regulation of behavior in adolescence (FCT, SFRH/BPD/110695/2015).
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4.2.2. The ComViver Online Application

This Twitter client mobile application? was developed based on the principles of self-regulation to intervene in
the phenomenon of cyberbullying. Twitter was chosen since it contains public content, thus, making it possible
to extract data within a limit defined by Twitter itself, and because it was mainly used by adolescents (13-18
years). Initially, the application included an introductory communication practice exercise which informed
users of the theme of the application. To fulfill its goal, the ComViver Online application provided opportunities
for adolescents to engage in intentional forethought [15]. That is, the application included two integrated
automatic detection systems (Support Vector Machines) which focused on classifying text regarding the
presence of: i) aggressive language in isolated tweets, both when the user sent/received a tweet and when he/she
browsed through his/her feed (i.e., Aggressiveness model); and ii) conflicts and/or attacks when tweets were
part of an on-going public conversation between two or more users, that is, when users interacted with each

other in specific contexts [63] (i.e., Conflicts/Attacks model).

To develop the ComViver Online application, we initially developed a tweet dataset in Portuguese (i.e., 40,000
tweets identified as containing potential aggressions from a set of 170 million initial tweets). We classified 5850
“aggressive” tweets from 40,000 tweets which were filtered by two researchers. This sample included 2,200
users. From the 170 million initial tweets, 58,470 tweets from these users were automatically classified as “non-
aggressive”. This data set was used to train an automatic classifier concerning the detection of aggressive
language. A second set of 1435 blocks of tweets without conflicts and/or attacks and 79 blocks containing
conflicts and/or attacks was classified by five researchers to train the model of conflict and/or attack detection.

Inter-rater reliability was .98.

Both predictive models were trained with samples of Portuguese tweets which were labeled by a total of seven
independent educational psychology researchers, with experience in cyberbullying research, for the presence of
aggressive language (i.e., single tweets) or conflicts/attacks (i.e., in case of an interaction). To identify
aggressive language in online communication, the following criteria were used: a) the comment had to have the

presence of offensive expressions/words; b) the content of the comment had to express an intention to harm

2 Developed within the project Cyberbullying: the regulation of behavior through language (FCT,

PTDC/MHCPED/3297/2014).
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others (intentionality); and c) the comment had to be directed towards a peer/group of peers. The tweets had to

meet all three criteria for being classified as aggressive language.

The evaluation of the predictive models showed that the Aggressiveness model was 85% precise and 93%
sensitive (recall), while the Conflicts/Attacks model was 93% precise and 84% sensitive. Every time each of the
models detected tweets and/or interactions containing aggressive language and/or a conflict/attack, the user/s
involved was/were identified and a set of technical features were mobilized, encouraging user/s to engage in
forethought to self-regulate emotions and behavior, as he/she communicated with others online. Therefore, both
models work as an intervention tool, more specifically as self-regulatory strategies which foster opportunities
for adolescents to engage in forethought to regulate their behavior while they communicate with others.
Although these models constitute an improvement in the field of automatic detection of cyberbullying, they do
not yet detect cyberbullying. Rather, they identify the presence of aggressive language and conflicts and/or
attacks online. Thus, improvement needs to be done by focusing on events that go beyond a one-to-one
relationship and also which capture the context of interpersonal online interactions [63]. Only then would it be

possible to approximate models of automatic detection to actual cyberbullying events.

The automatic detection systems combined with the technical features, enabled the application to alert the
sender prior to posting a message, that it may contain aggressive content and whether he/she wanted to send it,

triggering a chain of options to promote forethought on the sender’s behalf (see Fig. 1).

These features also masked posts that were potentially aggressive and alerted the receiver of this content, as well
as questioned the latter whether he/she wanted to see the post, activating a chain of options to promote
forethought and foster emotion regulation on the receiver’s behalf (see Fig. 2). Prior to either posting or
receiving a potentially aggressive message, this initial process provided users with a moment to self-reflect on
the development of a plan of action and strategies to use, as well as anticipate an outcome so that personal goals

may be achieved through pro-social behavior online, as opposed to aggressive behavior [15].

Moreover, the application provided a set of psychoeducational resources aiming to promote different self-
regulation processes since self-regulation may be developed through dynamic cyclical phases and different self-
regulation strategies [64]: Inspire Yourself, Express Yourself, Did you know, Know more about, True stories,
and Videos. For every aggressive tweet detected, the application generated a psychoeducational resource as a

fake tweet in the users’ feed (i.e., both sender and receiver), to ensure that the users were exposed to the
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resources in the same proportion they see aggressive messages. Additionally, users could consult all resources in

the application menu autonomously.

For users to develop their self-reactiveness (i.e., executing action plans and self-regulating behavior; [15, 64]),
Inspire Yourself (see Fig. 3) included a combination of images with quotes which intended to guide users
toward pro-social behavior while fostering emotional awareness and acceptance (i.e., strategies of emotion
regulation) which in turn, could buffer cyberbullying behavior [30]. Additionally, the process of self-
reactiveness was promoted through Express Yourself (see Fig. 4), which was an interactive resource that
included communication quizzes to prevent aggressive communication. This resource enabled users to view
hypothetical scenarios to which they responded, and each response reflected a specific communication style
(i.e., assertiveness, passivity or aggressiveness; [27]). Therefore, choosing more aggressive responses reflected
aggressiveness in communication which seems to be related to antisocial and/or aggressive behavior and a lack
of assertiveness [65, 66]. Since this resource was interactive, meaning that a feedback was provided to the users
according with the responses they selected, it allowed them to self-reflect on their answers, to re-think their
action plan and, consequently, to self-regulate their behavior in interpersonal interactions with others. Therefore,
this resource also fostered self-reflectiveness [15], that is, the users’ self-examination of their own functioning
through specific feedback. Specifically, the feedback offered to the users on how they responded to the different
scenarios either reinforced an assertive communication style or encouraged them to reflect on their choice and to
retry differently in case their response reflected aggressiveness or passivity. Moreover, if the user was involved
in a conflict/attack (as either sender or receiver) in the previous 48 hours, the Express Yourself resource doubled

the likelihood of it appearing in the feed, as a way to prevent aggressive communication.

Seeking information and social assistance are key self-regulatory strategies in the resolution of cyberbullying
situations, as previous research has indicated [67, 68]. Thus, the application also provided users with
opportunities to seek information by clicking an option entitled “Information about cyberbullying” (see Table 1
for description of resources), as well as social assistance by clicking either on the option “Call an emergency
contact” (e.g., family member/close friend) and/or “Call the Portuguese Association for Victim Support” (see

Fig. 2).

During the development of the application, a face validation was conducted involving 16 9 graders (Mage =
14.50, SD = 0.63, 63% male) from a public school in Lisbon. These participants tested an initial prototype of the

application and adjustments were made according to their experience, leading to an improved version.
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4.2.3. Procedures

We were granted authorization to conduct this study by the Ministry of Education of Portugal, the Portuguese
National Commission of Data Protection, the Deontology Committee of the Faculty of Psychology of the
University of Lisbon, the schools’ boards of directors, the teachers, the parents, and the adolescent participants.
The task on aggressiveness (i.e., AIC) was administered to adolescents in a classroom context with computers
with Internet access in their own schools by the researchers of this study. We informed all students that they
could have psychological support (i.e., with a psychologist) if they needed. Furthermore, we informed all

students that they could quit at any time they wished to.

The intervention with the Twitter client mobile ComViver Online application had a duration of ten weeks and
involved the participation of 9" graders who were randomly assigned to four conditions (i.e., EC1, EC2, EC3
and CC). In the first three sessions, all students were informed about the project, performed pretests and wrote
down their expectations (except for the CC) with regards to the training with the application. All participants
without a Twitter account were invited to create one at the beginning of the research, except for the CC
participants, who did not use the resources or the application. In session 4, students from ECI installed the
application and learned how to manage it. From this session onward, students were able to use the application as
they wished. To monitor students’ application use, we set up sessions 5, 6, 7 and 8 to answer any questions or
doubts students may have regarding the use of the application. These four sessions were conducted by two
educational psychologists and a computer science engineer with expertise in cyberbullying to clarify doubts that
could occur and ensure the application was running correctly. In sessions 9 and 10, all students performed a
post-test and a general evaluation of the intervention. These sessions were on a weekly basis. Since students in
the EC1 had the application installed on their cellphones, we were unable to prevent them from using it if they
wished to. Our main goal with the intervention, however, was not to promote a more or less regular use of the
social network where our application is embedded, but to assure that when using it, participants had access to a

number of digital self-regulation resources that promoted reflection to address cyberbullying.

As for the alternative interventions (i.e., EC2 and EC3), the same educational psychologists conducted weekly
sessions allowing the students to consult some of the psychoeducational resources that were embedded in the
application, on paper. Both conditions had access to the psychoeducational resources that enabled users to seek
information (i.e., Did you know, Know more about, True stories and Videos). However, the two conditions were

distinguished based on whether they worked with “Inspire yourself” (EC3) or “Express yourself” (EC2). In each

14



session, students for each condition were organized in small workgroups that were randomly assigned at the
beginning of each session so that they experienced different interpersonal relationships. The participants in the
CC did not have contact with any of the resources or the application. With regards to the participants in the
alternative intervention and control condition, it is not possible to compare app usage, since they did not have
access to the app. We controlled the usage time of all participants in weekly sessions to make it equivalent to the

monitoring sessions of the EC1.

4.2.4. Data Analysis

Estimated marginal means concerning an aggressive communication style were calculated from a database
which was previously treated for missing values by transforming raw data into Z scores and by removing
outliers. To control pretest differences for an aggressive style of communication between the four conditions
considering sex, age and class, we computed analyses of covariance (ANCOVA) with the pretest value as
covariate with IBM’s SPSS, 23.0. Levene’s test and normality tests were computed to verify assumptions. A
Levene test revealed that the assumption of homogeneity of variance was met (F = .90, p = .44). Although the
non-normal distribution of the variables is commonly found when working with psychological variables and
psychometric measures [69], we followed the Central Limit Theorem, which states that given certain conditions
(i.e., sample sizes > 30), the distribution will tend to be normal, even if the sample is non-normally distributed
[70]. The ANCOVA analysis enabled us to compare mean differences between groups after the intervention. To
get a better understanding of how the application was used, we also computed Multilevel Linear Modeling
(IBM, SPSS, 22.0) with logfile longitudinal aggregated data of the 39 students in EC1. We adopted this
statistical procedure because we wanted to understand the potentially different temporal trajectories of the male
and female participants’ use of the application. For longitudinal analyses purposes, we used the logfile data from
sessions 5, 6, 7 and 8. We opted to examine differences between male and female participants, since evidence
has shown that the latter may engage in different types of online aggression [23] that adolescent males may be

less vulnerable than female adolescents to risk- and reward-related maladaptive behavior [55].

A sample size of 156 session entries (i.e., four session entries per student measured on four occasions) was used
for application use at level 1 and of 39 students at level 2. We computed Maximum Likelihood for estimation
for all analyses, which offers asymptotically unbiased estimates [71] and introduced the variables in SPSS in
three steps (i.e., an intercept-only model, a model with a linear trend and a model with differences in

development between the two groups — male and female) to test the interaction effects. A scaled identity
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covariance structure for the repeated measures effect and a variance components covariance structure for the
intercept random effect were also used to examine the amount of variance in the outcome within and between
individuals. The scaled identity covariance structure assumes that there is a constant variance across occasions
with no correlation between components and has one estimated parameter [18]. We assessed the improvement
of each model over the previous one with the corresponding likelihood ratios. Additionally, we computed

percentages of the time adolescents dedicated to each specific resource.

5. Results

There was a significant difference in mean concerning an aggressive style of communication [(3,213) =2.783, p

< 0.05, 7, = .04] between conditions. In the ANCOVA analysis, the estimated mean for conditions regarding an

aggressive style of communication in the pretest was 2.09. Post hoc tests showed there was a significant
difference between the EC1 and EC2 (p < 0.05). The estimated marginal means revealed that the group which
revealed less of an aggressive style of communication at the end of the ComViver Online application, was the
EC1 (M =1.97) compared to EC2, EC3 and CC (M =2.27, M =2.22, M = 2.14, respectively). Fig. 5 presents
the results of the ANCOVA analysis to examine the effectiveness of the ComViver Online application with
regards to an aggressive style of communication by comparing means between groups, before and after the
intervention.

Results from the Multilevel Linear Modeling revealed that the male and female participants’ trajectories were
significantly different as sessions progressed. In fact, males used the self-regulation strategy of seeking for
information regarding pro-social behavior in the resources available in the platform more than the females
throughout time. Figure 6 shows both male and female participants’ aggregated trajectories with regards to
seeking information on prosocial behavior throughout time (in the different sessions). While the male
participants’ temporal trajectories evolve in an ascending manner throughout time, the female participants’

temporal trajectories evolve in a descending manner throughout the different sessions.

At level 1, the variance corresponds to the variability in the average adolescents’ time dedicated to seeking
information with resources to guide them towards pro-social behavior estimates around their own growth
trajectory [72]. The estimates of variance for levels 1 and 2 (Z»=7.64, p <.001; Z,»=2.32, p <.001,
respectively), suggest that there was enough variation in intercepts across adolescents. The proportion of
variance (ICC) was computed with a one-tailed test for variances, which revealed a variance between
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individuals of 23% and 77% of variance within individuals for adolescents’ time dedicated to seeking
information. Therefore, we concluded that there was variance within and between individuals over time. The
intercept-only model, which included only the intercept, was compared with the intercept + time model (see
Table 2; notice that Level 1 means and standard deviations are reported according to the time variable (from 0 to
3); standard errors are in brackets; 7p <0.10, * p <0.05, ** p <0.01). The intercept + time model revealed a
significant improvement over the intercept-only model: deviance =3.51, df =1, p <.0l. In this second model,
the intercept corresponds to adolescents’ time dedicated to seeking information at the beginning of the study. A
linear time variable was significant in explaining the growth of adolescents’ time dedicated to seeking
information. The model with the predictor variables and the interaction between them presented a significant
improvement over the intercept + time model: deviance = 4.60, df = 2, p < .05. Specifically, males tended to
search for more resources throughout time than females (an average increment of 15.62 for each unit of
evaluated time). Table 2 shows the model fit information (likelihood ratios) and estimates for the fixed and

random effects of all models.

To complement these results, we present the percentages pertaining to the time adolescents dedicated to specific
resources to guide them towards pro-social behavior (see Table 3). There is variability regarding the time
dedicated to different resources among female and male adolescents. In particular, the resource “Inspire

Yourself” was sought twice as much by males than females.

6. Discussion

Results supported our hypothesis, indicating that a decrease in aggressive communication may have been
promoted through the use of self-regulation strategies integrated in the Twitter client mobile application, in
favor of the EC1 when compared to the other three conditions (i.e., EC2, EC3 and CC), although differences
were only statistically significant between EC1 and EC2. These results complement previous studies that found
that individuals’ pro-social skills, self-efficacy and intentions to engage in positive bystander behavior in
cyberbullying situations improved after experiencing a serious game intervention [47]. Accordingly, these
previous studies suggested that research investigate negative online behavior and cyberbullying involvement, as
we aimed to do with aggressive communication. Aggressive communication in the EC1 decreased with respect
to EC2, EC3 and CC, although, as previously mentioned, the only statistically significant difference was
between the EC1 and EC2. These results suggest that the application may have contributed to help adolescents

self-regulate their aggressive communication through the set and combination of self-regulation strategies which
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are integrated in this digital tool. This result concerning the decrease in the EC1 participants’ aggressive
communication adds to other findings that indicated that children who experienced an intervention with digital
resources that promoted reflection to address bullying, revealed more cognitive empathy towards others and

more positive perceptions of their school environment [48].

In addition, there were specificities between conditions which need to be considered to better understand these
results. Firstly, the EC1 experienced more self-regulatory strategies than the other two conditions, which were
involved in alternative interventions (i.e., EC2 and EC3). The application integrated models of automatic
detection of cyberbullying combined with other self-regulatory features (i.e., forethought, seeking information
and social assistance, reflecting on pro-social behavior and emotion regulation, and self-reflectiveness), as

previous research has recommended [50].

In contrast, although EC2 experienced the same four resources which promoted seeking information and the
“Express yourself” resource (i.e., all on paper), students in this condition did not receive any feedback regarding
their choices. Therefore, we believe that the significant difference found between the EC2 and the EC1 was due
to the fact that, even though this particular resource on paper (i.e., “Express yourself””) was a self-regulatory
strategy which fostered the process of self-reactiveness (i.e., executing action plans and self-regulating behavior;
[15]), it did not provide any feedback to the users. Thus, it is possible that this resource on paper was not able to
promote a self-reflection concerning users’ responses and therefore, it did not promote self-reflectiveness (i.e.,
self-examination of one’s own functioning; [15]), as it probably did in the EC1. In fact, it could have contributed
to increase adolescents’ aggressiveness, since they were exposed to aggressive choices without reflecting on

communication.

Considering EC3, adolescents also experienced the four resources that fostered seeking information but were
only in contact with the “Inspire yourself” resource on paper, as opposed to the “Express Yourself” resource.
Thus, we believe that this resource may have contributed to a lower difference between EC3 and EC1 (i.e., not
statistically significant). This may have had an impact on this condition participants’ aggressive communication,
as this resource aimed to promote self-reflection and emotion regulation. This finding complements previous
research that provided evidence that reflection (i.e., reflective message) may prompt a decrease in individuals’
intentions to harm others online in different experimental conditions [47]. Accordingly, while previous research
focused on parents as audience, disapproval from others and potential harm for the receiver of the message in
the different experimental conditions, we focused on how varied self-regulation resources (i.e., experimental

conditions) may cause a change in aggressive communication.
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Lastly, the less expected result pertained to the CC, which did not experience any of the resources or the
application and revealed the lower difference in relation to the EC1 (i.e., not statistically significant), in
comparison with EC2 and EC3. A possible explanation for this result may refer to uncontrolled differences
between conditions (e.g., participation in other curricular or extracurricular activities impacting personal
characteristics), since this group of adolescents did not participate in the monitoring sessions and, thus, was not

regularly followed by the research team.

With regards to sex, this study revealed that males used the self-regulation strategy of seeking for information
regarding pro-social behavior in the resources available in the platform more throughout time than females
throughout the sessions. Male participants may have sought more information regarding pro-social behavior
because they tend to engage in direct forms of aggression (e.g., physical and verbal) more than females, and the
application focused more on training direct forms of aggression, (i.e., aggressive communication) as opposed to
indirect forms of aggression, such as exclusion [52]. Another interpretation is that male adolescents seem to
show lower impulsivity [53], increased rational decision-making and avoidance of risky choices when compared
to females [54], and therefore, they may have searched for more information in the application over time as a
problem-solving strategy. We also provided information regarding the specific resources males and females
dedicated their time to. These varied between sex and between resource. These results hold prospects for
developing programs that are tailored to adolescents, considering their individual differences, such as sex. The
implications of these results pertain to how personalizing programs to meet adolescents’ need may fall on
considering male and female vulnerabilities to maladaptive behavior [55]. This personalization aspect of
designing applications is fundamental because learning prosocial behavior should occur in a meaningful way.
Since cyberbullying behavior is manifested and delt with differently, depending on individuals’ sex [51], it is
crucial that digital educational applications should be designed according to individuals’ needs. The present

study provides an important contribution in respect to this.

These results contribute to the overall finding which indicate that the different and combined behavioral and
emotion regulation strategies integrated in the Twitter client mobile ComViver Online application seem to have

a potential to change an aggressive style of communication, by decreasing it.
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7. General Conclusion

Peer violence such as cyberbullying, has been increasing worldwide, presenting a negative impact on youth’s
psychological adjustment and their relation with school [1, 3]. Since these experiences can have a negative
impact on adolescents’ development of executive function skills which are important for the development of
emotion and behavioral regulation [6], it is essential to minimize adolescents’ aggressiveness and consequent
involvement in cyberbullying to foster healthy socialization experiences in adolescents [8]. Accordingly,
difficulties in emotion regulation have been related with adolescents’ aggressive behavior and peer violence [13,
14] and their predisposition to search for strategies to solve-problems may have been due to individual
characteristics, such as sex [55]. From our results, it seems that emotion regulation along with the self-regulation
of behavior help decrease an aggressive style of communication [11]. In this regard, using self-regulation
strategies focusing on the promotion of pro-social behavior to intervene in this type of aggressive episodes may

help reduce its incidence among youth.

Results from our study revealed the relevance of an emotion and behavioral self-regulated approach as an
opportunity to prevent and intervene in cyberbullying in a pro-social manner (e.g., [15, 64]). Specifically, our
findings suggest that if diverse and combined self-regulation features (e.g., forethought, seeking information and
social assistance, reflecting on pro-social behavior and emotion regulation, and self-reflectiveness) are

integrated in digital applications, they may reduce aggressive online interactions amongst adolescents and act as
protective factors. Hence, Social Network Systems could integrate these features to generate safer environments
for users. In accordance, emotion and behavioral regulation have the potential to help adolescents regulate how
they communicate with others in both online and offline interpersonal relationships and social interactions. In
accordance, an aggressive style of communication may be reduced among adolescents, not only in the context of
cyberbullying intervention, but also within a broader scope of promoting pro-social behavior, emotional well-

being and positive relationships among peers through self-regulation.

This study presents some limitations that should be addressed. Firstly, the size imbalance between the groups,
which derived from particular features of the educational setting, already mentioned in Section 4, is an
important limitation. Additionally, rather than including only cross-sectional data and pre-posttests, it would be
interesting for future research to study these variables through longitudinal designs with follow-up measures
focusing on individual characteristics, as well as on the effects of extracurricular activities in schools, such as

the ones presented in this study. Also, since this study lasted eight weeks, it would be important to replicate it
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for a longer period of time, since it may increase its efficacy [73], using repeated measures to monitor the
possible changes in the variables assessed [74], namely, self-regulation and aggressive communication style.
Another limitation of this study could be that even though psychologists had access to the students’ tweets, as
they monitored their use of the application, they did not label these tweets, as this was not an objective of this
study. As such, unsupervised and graph algorithms could be considered in future studies to provide a deeper
analysis of the tweets’ specific content. That is, unsupervised learning methods could detect data patterns that
could shed new light on the dynamics of verbal communication in cyberbullying contexts, since it does not
require labeled data. With this method, groups of profiles could be created through clustering in a way that those
within the same cluster would be similar to each other, and dissimilar to those in other clusters. This grouping
could be used to identify potential cyberbullying victims, observers and cyberbullies, considering individual
variables, such as sex and age. Moreover, future studies (follow-up) with the application could provide a
precision/recall score of the models on the deployed application. Additionally, it would also be relevant for
future research to provide a better understanding of the relation between automatic cyberbullying detection
systems embedded in the ComViver Online application and specific emotion and behavioral regulation
strategies. In fact, future directions with this Twitter client could include classifying usage trajectories in
cyberbullying contexts throughout time with multilingual Computational Intelligence techniques that would
enable a detailed analysis between Twitter users of different cultural backgrounds in different countries — thus

creating an extensive hierarchic data structure.

To conclude, this study proposes the use of digital tools that foster emotion and behavioral regulation to
effectively reduce adolescents’ aggressive communication. Moreover, social media should be regarded not only
as a risk context where adolescents are constantly exposed to potentially harmful situations, but also as an
opportune mean to promote prosociality among them. Ultimately, this type of approach may contribute to

diminishing the incidence of cyberbullying.
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11. Tables

Table 1

Description of resources to foster seeking information strategies.

Resource

Description

1. Did you know?

Informational content which refers to trivia about bullying and
cyberbullying, and the use of social networks (e.g., Did you know that,
whether you were the author or not of a given publication, if you share it

in your profile, it makes you responsible for it?).

2. Know more about

Informative content on cyber security strategies, such as passwords and
sharing information online (e.g., Use online privacy policies. Create
restrictions for whom has access to your information.), and
cyberbullying prevention and intervention (e.g., Log out in your profiles!
Regardless of how convenient it is to save logins, you never know who

can access them besides you).

3. True stories

Narratives of cyberbullying events adapted from testimonies of
adolescents which include strategies to positively deal with the situation

(e.g., blocking the aggressor, reporting the situation).

4. Videos

Informative content about cyberbullying and testimonials (e.g.,

https://www.youtube.com/watch?v=f6K9Ie_Chjs).
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Table 2

Descriptive statistics and fixed and random effects parameter estimates for model predicting application use.

Application Use Level 1 (N =156) Level 2 (N =39)
Sessions 0 1 2 3
M(SD) M(SD) M(SD) M(SD) M(SD)
Femal 53.63(46.31 43.34(53.6
46.72(84.31) 37(39.19) 36(36.52)
e ) 0)
Gender
Male 48.71(68.22 62.82(36.5 47.91(54.9
28.10(59.22) 52(47.35)
) 9) 1)
Parameter Intercept-only Intercept +Time With Predictors
Fixed Effects
Intercept 46.62*%*(5.64) 30.78**(10.11) 55.54**(18.78)
Time 6.33"(3.35) -4.88 (6.20)
Gender -34.49(22.17)
Time*Gender 15.62*(7.31)
Random Effects
Repeated
2263.70%*%(295.96)  2196.80**(287.21) 2114.40%*(276.44)
measures
Intercept 678.72*%(291.40) 695.44*(290.85) 711.81*%(289.27)
Deviance 1678.50 1674.99 1670.39
AIC 1684.50 1682.99 1682.39
BIC 1693.65 1695.19 1700.69
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Note: The Level 1 means and standard deviations are reported according to the time variable (from 0 to 3).

Standard errors are in brackets. p < 0.10; *p < 0.05; “p < 0.01.

30



Table 3

Percentage of time adolescents dedicated to specific resources to guide them towards pro-social behavior.

Resources Female Male

Introductory Communication Practice Exercise 7.8% 8%

Express Yourself  11.3% 11.9%
Self-reactiveness

Inspire Yourself 9.7% 17.6%

Did you know? 27% 24.7%

Know more about  12.2% 8.1%
Seeking Information

True stories 30.2% 28.1%
Videos 1.5% 1.4%
Seeking Social Assistance Links 0.2% 0.3%

12. Figures

Your tweet was
determined to be
potentially offensive.
Do you agree?

YES NO
Rewrite Publish Sends
\ ‘ tweet
Return to Sends
editing tweet

tweet

Figure 1: ComViver Online’s chain of options triggered by an alert to senders.
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Hide tweet ‘
Block user ‘
T (TWEET BECOMES VISIBLE) E,
YES |__» Do you think this tweet is <: Do you need help? ‘
offensive?

NO
MASKED TWEET MESSAGE: /\A

The application has

determined this tweet is v ) | Yes NO ‘
potentlaI‘Iy offensw‘e. Do you o | (TWEET REMAINS (TWEET IS NOW
wish to see it? — MASKED) VISIBLE IN THE
USER’S FEED)
‘ Call emergency contact ‘
YES I
Do you need help? }<: Call Portuguese Association for

NO ‘ Victim Support

Information about Cyberbullying ‘

Figure 2: ComViver Online’s chain of options triggered by an alert to receivers.

I’m going to say that |
will not accept being
harassed anymore.

Which of these responses do you think would be the best
to express this thought?

a.  What did | do wrong?
b.  I’'m going to punch you in the face!
c. lwon’t accept you threatening me.

Figure 4: Example from the resource Express Yourself.
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Adolescents’ aggressive communication style
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Figure 5

Mean time of minutes dedicated to
seeking resources on prosocial behavior

EC1 EC2 EC3 cC

M Pretest m Posttest

: Estimated marginal means of adolescents’ aggressive communication style in the pretest and posttest.

61
51
41
31
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~ Male

0 1 2 3
Number of Sessions throughout time

Figure 6: Male and female participants’ trajectories throughout the different sessions with regards to the time

they dedicated to seeking resources on prosocial behavior in the application.
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