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NEW RESEARCH AGGRESSIVE BEHAVIOR

A Population-Based Analysis of the Temporal

Association of Screen Time and Aggressive Behaviors in
Adolescents
Jasmina Wallace, PhD
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Objective: The recent widespread diffusion of screen-based devices among adolescents has raised questions about the effects of screen time on
adolescent behavior, including aggressive behaviors. However, previous studies have been methodologically limited in their ability to distinguish between
common vulnerability, concurrency, and lasting associations between screen time and aggression among adolescents, and findings are still inconsistent.
To address this gap in the literature, time-varying direct and indirect associations between screen time and aggression were investigated.

Method: The sample included nearly 4,000 Canadian adolescents who participated in annual surveys for 5 consecutive years. Multilevel statistical
models were applied to study between-person effects (common vulnerability), within-person effects (concurrency explaining a priming effect), and
lagged-within-person effects (lasting effects explaining a learning process) of screen time (ie, social media use, television viewing, video game playing,
computer use) on aggressive behaviors (ie, fighting, conduct problems, hostile thoughts). Screen time effects on aggression through hostility were further

studied.

Results: Short-lived concurrent relations between different forms of screen time and aggressive behaviors suggested a priming effect. Social media use
was further associated with longer lasting increases in conduct problems, suggesting a social learning process, while television viewing showed significant
negative lagged-within-person association with hostility, showing a protective effect. Hostile thoughts mediated screen time and aggression associations
mainly at between-person levels.

Conclusion: The results suggest that the nature of the relation between screen time and aggressive behaviors depends on the type of digital platform
through which such content is presented and suggest the need for policies focusing on protecting young users of digital media.

Clinical trial registration information: Does Delaying Adolescent Substance Use Lead to Improved Cognitive Function and Reduce Risk for
Addiction?; https://www.clinicaltrials.gov/: NCT01655615
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owadays, almost all teens spend approximately 8

to 9 hours per day in front of a television,

computer, and/or mobile device; these averages
greatly surpass previously recommended and evolving
public health guidelines for maximum hours per day spent
on screens.' Given the popularity of screen devices, there
are concerns about the impact screen time might have on
teens’ mental health and behavior.>> One of these concerns
is that exposure to extreme violent imagery in certain forms
of digital media and video games potentially promotes
aggressive thoughts and subsequent aggressive behaviors in
youth who would not otherwise be exposed to such con-
cepts. Violence is very common in the media, with high
levels found in movies and television programs popular
among adolescents® as well as in video games’ and social
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media.® For example, a content analysis showed that the
majority of top-selling video games and children’s favorite
games contain violence, including often strong acts of
violence.” Among the most widely played games by Cana-
dian youth (ages 12-17 years), 5 of 6 of these games would
be classified by the Entertainment Software Rating Board as
containing violence or intense violence. Interestingly, a
recent report by an independent demographic polling cen-
ter, suggested that some of the most viewed videos by young
people and searches on video streaming websites are in
reference to video games, one in particular, that contain
violent content.® Numerous longitudinal studies have
examined the link between screen time and aggressive be-
haviors in adolescence. So far, these studies have produced
inconsistent findings. Some studies have argued that screen
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SCREEN TIME AND AGGRESSIVE BEHAVIORS

time increases aggression among adolescents,”"" including
bullying12 as forms of aggressive behaviors, and with no
differences between boys and girls in the relation between
video game playing and aggression,13 whereas others have
concluded that there is not such a link.'*" These in-
consistencies have also been reported in a broader sense by
contrasting results from meta-analytic reviews.'®'” One
reason for these inconsistent findings might be that studies
to date, have been methodologically limited with respect to
being able to distinguish properly between the potential
short-term and long-term effects of screen time on aggres-
sion in adolescents. These studies have also been limited in
how they have controlled for common vulnerability to
aggressive behaviors and certain types of screen activities and
in being able to confirm temporal associations of explana-
tory processes in the coevolution of both sets of behaviors.
At the core of the most dominant explanatory theories of
screen time effects on aggressive behaviors is the distinction
between priming effects and learning,'®"?

Priming is commonly defined as the immediate activa-
tion of already existing cognitive schema, such as thoughts
and knowledge about certain behavior and are considered
short-lived effects, indicating that they disappear quickly after
exposure and activation of cognitive schema. In the context of
screen time and aggression, an example of a priming effect
could be a short-lived and impulsive aggressive outburst
because of exposure to violent media content. It has been
argued that most theorists agree that short-lived effects of
exposure to violent media content are, among others (arousal,
immediate mimicking of behavior), predominantly the result
of priming.21 Moreover, priming effects have been linked to
impulsive acts of aggressive behaviors,” and increased digital
media use has been linked to increased levels of impul-
sivity.”>”*> On the other hand, repeated exposure to content
can also contribute to a learning process that will maintain
aggressive behaviors, independent of priming effects.
Learning, defined as the psychological process that leads to
change in behavior in response to experience,”®
more lasting effects relative to a priming effect.””*® There-
fore, demonstrating that screen time is contributing to
aggression through a learning process would predict that the
effects of digital media on aggressive behaviors are longer
lasting and potentially explained through the development of
changes in attitudes or beliefs about the hostile intentions of
others or social norms around displaying or using aggressive

would have

acts to resolve conflict. The environmental contribution to
antisocial behavior is well documented, including the aspect
of environment that is not shared within families and between
siblings.?”?° Furthermore, social psychological theories of
antisociality suggest that repeated exposure to and rein-
forcement of aggressive acts within one’s culture shape a
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worldview that promotes or maintains antisocial behaviors
and lifestyles.”’

In this context, the current population-based study used
an exceptional longitudinal cohort study and analytic
strategy based on the principle of multilevel linear modeling
(MLM) to investigate the link between screen time and
aggressive behaviors repeatedly measured over the course of
5 years among adolescents. Such an analytic framework
addresses methodological limitations of previous studies by
modeling time-varying associations of screen time and
aggressive behaviors. Thus, we investigated between-person
effects (representing the common vulnerability), within-
person effects (representing concurrent short-term effects
and priming effect), and lagged-within-person effects (rep-
resenting long-term effects and social learning process). In
our model, we included different popular traditional modes
of screen time among adolescents (ie, social media use,
television viewing, video game playing, and computer use),
while the variables related to aggressive behaviors were
fighting, conduct problems, and hostility.

Given the nature of the aggressive behavior variables
investigated in this study, we expected that screen time ef-
fects for fighting would be predominantly demonstrated at
the concurrent within-person level because fighting is an
impulsive and short-lived form of aggression.”> On the other
hand, conduct problems involve a system of personality and
behavioral tendencies toward rule breaking, violating the
rights of others, irresponsibility, and aggression.”> We ex-
pected that screen time could show significant associations
with conduct problems not only at the concurrent within-
person level, but also at the lagged-within-person level
explained by a learning process, over and above a common
vulnerability. Indeed, this pattern of deviant social and
behavioral tendencies has been shown to be highly depen-
dent on parenting styles, traumatic experiences, and social
disadvantage conditions as well as biological conditions such
as traumatic brain injury and genetic factors.”> Many studies
have shown that conduct problems and hostile attributional
styles are exacerbated by family discord, parental conflict, and
disadvantageous socioeconomic conditions®® and that these
thoughts and perceptions do not manifest over night, but
rather occur over time and with repeated experiences.’
Contextual factors can also shape antisocial behaviors, with
an important role for peers.®® Early studies suggest that
conduct problems tend to grow in magnitude over the course
of adolescence, mostly because of the influence of deviant
peers and peer pressure.””*® Moreover, in a time in which
digital screens dominate the lives of adolescents, it seems
reasonable to assume that over and above childhood risk
factors, peer influence and peer-pressure practices do not take
place only within a physical social context, but also within a
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digital social context. Since the advent of digital technology,
social networking sites, such as Facebook and Instagram,
have become a primary way for adolescents to acquire in-
formation about their peers.38 In the present study, taking
into account common vulnerability and the possibility of
learning from the content presented on digital screens, we
tested the extent to which digital experiences contribute to a
learning process, related to antisocial attitudes and behavior,
that takes place through observations of peers sharing in-
formation and content of acts of rule-breaking, violating the
rights of others, irresponsibility, and aggressive behaviors. As
social media is an environment in which adolescents are
frequently exposed to attitudes, social norms, and peer be-
haviors, we posited that, relative to television viewing (which
might censor out such behaviors), video game playing (which
promotes such behaviors only in a virtual and obviously
pretend world), or computer use, social media use would
contribute more strongly to the development of conduct
problems. Therefore, in the context of such effects, we
assumed that social media use would conform to a social
learning process with lasting effects.

Finally, hostile attributions and thoughts are considered
as a system of beliefs that predispose an individual to inter-
pret a situation as provocative and are associated with
aggressive and antisocial behaviors.*>*° It is worth noting
that several previous studies have attributed a mediating role
of hostility in the association of video game playing, violent
movies, and aggression.”' ™ Specifically, it has been argued
that, over time, hostile attributions that arise from high-risk
experiences, including repeated exposure to graphic scenes
of violence, will contribute to the development of an anti-
social temperament and conduct problems. Thus, we also
posited hostility to mediate the association of screen time,
fighting, and conduct problems at between-, within-, and
lagged-within-person levels.

METHOD

Participants

We used data from a population-based randomized controlled
trial** investigating the effectiveness of a 5-year personality-
targeted drug and alcohol prevention program. In September
2012, a large sample of 3,826 adolescents (1,798 girls [47%];
mean [SD] age = 12.7 [0.5] years) was recruited from 31
schools in Greater Montreal, Quebec, Canada. This sample of
adolescents was studied annually from 7th grade through 11th
grade and was epidemiologically representative of each of the
school districts regarding average size and socioeconomic in-
dex. The sample of schools represented 15% of all schools
across Greater Montreal. The study sampled, on average, 76%
of all seventh-grade students in these schools, suggesting that
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the cohort included 6.0% to 11.4% of the population of
seventh-grade students of Greater Montreal. Only 2 exclusion
criteria for schools were specified: the school had to agree to the
study protocol, and the school could not have more than 50%
of 7th-grade students with special educational needs. There
were no exclusion criteria for students other than providing
written informed assent and parental consent. All participants
included in the study provided the written informed assent and
parental consent. The main variables were measured through a
confidential annual web-based survey. Ethical approval was
obtained from the local Research Ethics Board. This study has
been registered at  ClinicalTrials.gov  (https://www.
clinicaltrials.gov; NCT01655615).

Measures

Screen Time. Screen time was measured by asking partici-
pants how much time per day they spend playing video
games (on a computer, cell phone, or game console), on
social media (eg, Facebook, Instagram, Twitter, or other
social networking sites), watching shows or movies on
television, and using the computer to engage in another
kind of activities. The amount of time spent was oper-
ationalized into 4 categories and coded from 0 to 4,
respectively: 0 to 30 minutes, 30 minutes to 1 hour 30
minutes, 1 hour 30 minutes to 2 hours 30 minutes, 2 hours
30 minutes to 3 hours 30 minutes, and 3 hours 30 minutes
or more. Our study did not require young people to report
on whether their digital content was of a violent nature.
Instead, we simply assessed the amounts of time spent
engaging with various forms of digital media.

Fighting. Physical fighting was measured by asking partic-
ipants how many times they were in a physical fight in the
last 6 months. The amount of physical fighting was oper-
ationalized in 5 categories and coded from 0 to 4, respec-
tively: none, 1 time, 2 times, 3 times, and 4 times or more.

Hostility. Hostility was measured using the hostility subscale
of the Children’s Automatic Thoughts Scale, a widely used,
reliable, and valid self-report measure designed to assess a
broad range of negative self-statements in children and ado-
lescents.*> Participants were asked to respond to the
following: “Please read each thought carefully and decide how
often, if at all, each thought popped into your head over the
past 12 months.” The thoughts were: “I have the right to take
revenge on people if they deserve it.” “Other kids are stupid.”
“Most people are against me.” “I won'’t let anyone get away
with picking on me.” “If someone hurts me, I have the right to
hurt them back.” “Some people deserve what they get.” “I
always get blamed for things that are not my fault.” “People
always try to get me into trouble.” “Some people are bad.”
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“Bad people deserve to get punished.” Responses to these
thoughts were operationalized in 5 categories and coded from
0 to 4, respectively: not at all, sometimes, fairly often, often,
and all the time. The total score corresponded to the sum of
the responses of all items. Cronbach’s o ranged from .872 to
.884 at all 5 assessments.

Conduct Problems. Conduct problems were assessed using
the Conduct Problems Scale of the Strengths and Difhiculties
Questionnaires (SDQ),*® one of the most commonly used
instruments for screening psychopathology in children and
adolescents. Participants were asked to respond to the
following statements and indicate whether this was not true
(coded as 0), somewhat true (coded as 1), or certainly true
(coded as 2): “I get very angry and often lose my temper.” “I
usually do as I am told.” “I fight a lot. I can make others do
what I want.” “I am often accused of lying or cheating.” “I
take things that are not mine from home, school or else-
where.” The total score corresponded to the sum of the re-
sponses for each item. Cronbach’s o ranged from .604 to
.648 at all 5 assessments.

Covariates. Each statistical model was controlled for baseline
socioeconomic status (SES) and sex (0 = female, 1 = male).
SES was assessed using the Family Affluence Scale for
adolescents.?’

Statistical Modeling Approach

We employed an MLM analysis while distinguishing between
the following: between-person effects (common vulnera-
bility, measured as the average of variables over 5 years),
within-person effects (time-limited relations between changes

in one set of behaviors within a given year and changes in the
other set within the same year), and lagged-within-person
effects (long-term effects of changes in one set of behaviors
on the other set of the next year). Between-person, within-
person, and lagged-within-person effects were included
within the same statistical model (Figure 1). The analytic
approach consisted of 2 steps. First, we assessed the temporal
direct associations between the predictors and the outcomes.
In doing so, different independent MLMs with Bayesian
method assessed direct associations of screen time (ie, social
media use, television viewing, video game playing, and
computer use) and aggressive behavior variables (ie, fighting,
conduct problems, and hostility), as well as the associations of
hostility and other aggressive behaviors. Second, we per-
formed a mediation MLM with Bayesian method to test the
direct and indirect effects of the various types of screen time
on aggressive behaviors through hostility (Figure 1).

Each MLM was controlled for sex, SES, and time. All
analyses were performed using Mplus software.*® The time
parameter (the survey waves) was coded from 1 to 5.
Bonferroni correction was applied to adjust multiple
comparisons.

RESULTS

Descriptive Statistics

Among the 3,826 adolescents included in the study, 3,779
participants completed the survey. Participants reported a
mean (SD) SES score of 2.94 (1.08). The main variables
measured at each year of assessment along the 5-year lon-
gitudinal study are shown in Table 1. Concerning screen
time variables, social media use and television viewing

FIGURE 1 Multilevel Linear Model Assessing Temporal Associations of Screen Time and Aggressive Behaviors and the Potential

Mediating Role of Hostile Thoughts
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of screen time compared with a person’s mean level over 5 years; the lagged-within-person association corresponds to the level of screen time 2 years before through the

mediator and compared with a person’s mean use within that year. Time corresponds to survey waves.
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increased yearly. Video game playing slightly decreased,
while computer use was stable during the study. Concern-
ing aggressive behavior variables, hostile thoughts remained
stable over the course of the study, while fighting decreased,
and conduct problems slightly decreased.

Associations of Screen Time and Aggressive Behaviors

All results indicating the associations of screen time and
aggressive behaviors among adolescents are shown in
Table 2. The results of the MLM analysis indicated sig-
nificant between-person effects of social media, television
viewing, and video game playing on fighting in adolescents.
Over and above the significant between-person effects, the
results also indicated significant within-person effects of
social media use, television viewing, and computer use on
fighting. No significant lagged-within-person effects were
revealed for social media use, television viewing, and video
game playing.

Regarding the association of screen time and conduct
problems, results indicated significant between-person re-
lations between social media use, television viewing, video
game playing, and computer use and conduct problems in
adolescents. The results also indicated significant within-
person effects of social media use, television viewing,
video game playing, and computer use on conduct prob-
lems. Finally, significant lagged-within-person effects were
revealed for social media use. No such lagged-within-person
effects were found for other types of screen time.

Finally, significant between-person effects of social
media use, television viewing, video game playing, and
computer use on hostility were revealed. Over and above the
significant between-person effects, results also indicated
significant within-person effects of social media use, video
game playing, and computer use on hostility. No significant

within-person effect was found for television viewing. A
significant negative lagged-within-person effect was found
for television viewing. No lagged-within-person effect was
found for other types of screen time.

Associations of Hostility and Aggressive Behaviors
Regarding the multilevel associations of hostility and
fighting, the results showed a significant between-person
effect (8 = .017, 95% credibility interval (Crl) = 0.013
to 0.022, p = .000) and a significant within-person effect
(ﬁ =.013, 95% Crl = 0.010 to 0.015, p = .000), but no
lagged effect (8 = .001, 95% Crl = —0.001 to 0.004, p =
.190). Similarly, results indicated a significant association of
hostility and conduct problems with between-person level
B = .091, 95% Crl = 0.082 to 0.101, p = .000), and
within-person level (6 = .041, 95% Crl = 0.036 to 0.046,
» = .000), but not with lagged-within-person level (8 =
.003, 95% Crl = —0.002 to 0.008, p = .105). All results
indicating the associations of hostility, fighting frequency,
and conduct problems are presented in Table S1, available
online.

Indirect Associations of Screen Time and Fighting
Through Hostility

Results indicating the associations of screen time and
fighting through hostility are shown in Table 3. The asso-
ciation of social media use and fighting was mediated by
hostility at between-person level and within-person level,
but not at lagged-within-person level. The association of
television viewing and fighting was mediated by hostility at
between-person level, but not at within-person level and
lagged-within-person level. The within-person relation of
video game playing to fighting was shown to be significantly
mediated by between-person and within-person changes in

TABLE 1 Age, Predictors, and Outcomes at Each Year of Assessment

Year 1 Year 2 Year 3 Year 4 Year 5

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age, y 12.80 (0.50) 13.80 (0.40) 14.70 (0.50) 15.80 (0.40) 16.80 (0.40)
Predictors

Social media use 0.94 (1.25) 1.13 (1.30) 1.24 (1.27) 1.43 (1.25) 1.57 (1.24)

Television viewing 1.52 (1.16) 1.55 (1.20) 1.60 (1.20) 1.60 (1.23) 1.61 (1.23)

Video game playing 1.33 (1.30) 1.43 (1.38) 1.41 (1.40) 1.34 (1.43) 1.20 (1.40)

Computer use 0.60 (1.02) 0.59 (1.02) 0.57 0.99) 0.61 (1.04) 0.62 (1.02)
Outcomes

Hostility 15.10 (7.97) 15.29 (7.86) 15.25 (7.63) 14.99 (7.38) 15.19 (7.57)

Fighting 0.43 0.92 0.33 .79 0.29 0.76) 0.27 (0.75) 0.16 (0.54)

Conduct problems 2.12 (1.64) 2.09 (1.61) 2.16 (1.63) 2.08 (1.61) 1.95 (1.50)

Note: Year 1 assessment was in 7th grade and so on.

288 www.jaacapopen.org

JAACAP Open
Volume 1 / Number 4 / December 2023


http://www.jaacapopen.org

uedo dvowvr

€207 4oqwiede / ¥ JoquINN / | SWnjop

610 uadodeseel- mmm

682

TABLE 2 Estimated Parameters for Multilevel Models Assessing the Association Between Screen Time and Aggressive Behaviors

Outcomes
Fighting Conduct problems Hostility
Predictors Estimate SE Pr(>|t]) 95% Crl Estimate SE Pr(>|t]) 95% Crl Estimate SE Pr(>|t]) 95% Crl
Social media use
Intercept 0.884 0.043 .000 0.793 to 0.975 2.654 0.091 .000 2.472 to 2.822 10.776 0.413 .000 22.474 to 25.556
Time —0.060 0.005 .000 —0.068to —0.050 —0.031 0.008 .000 —0.045to —0.017 —0.065 0.036 .030 —0.138 to 0.001
Sex —0.386 0.020 .000 —0.429to —0.356 —0.535 0.048 .000 —0.630to —0.450 2.854 0.193 .000 2.496 to 3.246
SES 0.012 0.006 .015 0.001 to 0.024 —0.016 0011 125 —0.036 to 0.007 —0.179 0.053 .000 —0.285to —0.087
Between-person 0.129 0.013 .000 0.102 to 0.152 0.465 0.027 .000 0.413 to 0.525 1.242 0.134 .000 0.999 to 1.524
Within-person 0.040 0.007 .000 0.027 to 0.054 0.140 0.012 .000 0.114 to 0.160 0.661 0.064 .000 0.536 to 0.794
Lagged-within-person ~ 0.006 0.008 .285 —0.010 to 0.019 0.058 0.014 .000 0.033 to 0.086 0.082 0.074 100 —0.062 to 0.231
Television viewing
Intercept 0.746 0.046 .000 0.917 to 1.178 2.049 0.101 .000 1.855 to 2.223 9.513 0.455 .000 8.548 to 10.302
Time —0.054 0.005 .000 —0.062to —0.044 —0.005 0.008 .267 —0.0181to 0.012 0.044 0.033 .085 —0.025to 0.105
Sex —0.316 0.019 .000 —0.359to —0.288 —0.292 0.048 .000 —0.394 to —0.205 3.510 0.185 .000 3.157 to 3.865
SES 0.021 0.006 .000 0.009 to 0.033 0.019 0.011 .040 —0.002 to 0.043 —0.100 0.054 .030 —0.208 to 0.004
Between-person 0.059 0.015 .000 0.029 to 0.088 0.291 0.034 .000 0.228 to 0.369 0.593 0.146 .000 0.336 to 0.894
Within-person 0.022 0.007 .000 0.009 to 0.038 0.055 0.12  .000 0.032 to 0.077 0.035 0.062 295 —0.079to 0.164
Lagged-within-person ~ 0.007 0.008 255 —0.012 to 0.020 —0.011 0014 227 —0.037 to 0.016 —0.259 0.072 .000 —0.426to —0.104
Video game playing
Intercept 0.0742 0.053 .000 0.635 to 0.847 1.765 0.121 .000 1.507 to 1.968 8.015 0.547 .000 6.828 to 8.995
Time —0.052 0.004 .000 —0.061to —0.043 —0.001 0.007 .455 —0.014to 0.011 0.050 0.033 .075 —0.012t00.113
Sex —0.280 0.021 .000 —0.324to —0.242 —0.039 0.050 .225 —0.138 to 0.057 4.308 0.215 .000 3.889 to 4.781
SES 0.021 0.006 .000 0.009 to 0.032 0.016 0.011 .060 —0.004 to 0.038 —0.099 0054 .035 —0.212to 0.003
Between-person 0.028 0.013 .015 0.002 to 0.051 0.253 0.027 .000 0.199 to 0.305 0.822 0.136 .000 0.533 to 1.074
Within-person 0.013 0.006 .025 0.000 to 0.025 0.058 0.011 .000 0.034 to 0.077 0.237 0.058 .000 0.126 to 0.363
Lagged-within-person —0.006 0.007 .195 —0.022 to 0.007 0.018 0.012 .065 —0.005 to 0.043 —0.002 0.064 480 —0.1591t0 0.134
Computer use
Intercept 0.774 0.046 .000 0.683 to 0.862 2.177 0.103 .000 1.942 to 2.347 8.574 0.491 .000 7.643 to 9.530
Time —0.051 0.004 .000 —0.059to —0.043 —0.007 0.007 .155 —0.020 to 0.005 0.041 0.041 120 —0.033to0 0.123
Sex —0.294 0.019 .000 —0.329to —0.258 —0.181 0.042 .000 —0.276to —0.111 3.934 0.207 .000 3.506 to 4.314
SES 0.021 0.005 .000 0.01 to 0.031 0.021 0.012 .050 —0.005 to 0.048 —0.053 0.062 .185 —0.191 to 0.065
Between-person 0.035 0.023 .050 —0.012to 0.077 0.263 0.055 .000 0.163 to 0.371 1.581 0.237 .000 1.146 to 2.041
Within-person 0.034 0.008 .000 0.019 to 0.050 0.056 0.014 .000 0.027 to 0.083 0.190 0.069 .005 0.049 to 0.311
Lagged-within-person —0.020 0.011 .055 —0.041 to 0.003 0.008 0.015 325 —0.021to 0.034 —0.120 0.085 .080 —0.326to 0.027

Note: While controlling for sex and SES, the multilevel linear models (Bayesian method) allowed the study of average associations of screen time and aggressive behaviors over 5 years
(between-person effect) as well as the study of concurrent associations (within-person effect) and lagged associations from one year to the other (lagged-within-person effect) between
screen time and aggressive behaviors within the same assessment. Sex was coded as 0 (female) and 1 (male). The time parameter was coded from 1 to 5 corresponding to the survey waves.
Boldface indicates significant effects. Bonferroni correction was applied to adjust multiple comparisons, and p-values < .017 were considered significant. Crl = credibility interval; SES =
socioeconomic status.
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TABLE 3 Estimated Parameters for Multilevel Models Assessing Hostility as Mediator of the Temporal Association of Screen

Time and Fighting Frequency

Estimate SE Pr(>|t) 95% Crl
Social media use predicting fighting through hostility
Intercept (fighting) 0.738 0.048 .000 0.646 to 0.845
Intercept (hostility) 10.588 0.437 .000 9.694 to 11.481
Between-person 0.017 0.004 .000 0.010 to 0.024
Within-person 0.008 0.001 .000 0.006 to 0.011
Lagged-within-person 0.000 0.000 263 0.000 to 0.001
Television viewing predicting fighting through hostility
Intercept (fighting) 0.601 0.048 .000 0.498 to 0.696
Intercept (hostility) 9.343 0.459 .000 8.345 to 10.220
Between-person 0.010 0.003 .000 0.005 to 0.017
Within-person 0.001 0.001 .257 —0.001 to 0.002
Lagged-within-person 0.000 0.000 157 —0.001 to 0.000
Video game playing predicting fighting through hostility
Intercept (fighting) 0.608 0.056 .000 0.494 to 0.711
Intercept (hostility) 7.865 0.560 .000 6.703 to 8.931
Between-person 0.014 0.004 .000 0.008 to 0.022
Within-person 0.003 0.001 .000 0.001 to 0.004
Lagged-within-person 0.000 0.000 467 0.000 to 0.000
Computer use predicting fighting through hostility
Intercept (fighting) 0.643 0.055 .000 0.519 to 0.756
Intercept (hostility) 8.426 0.510 .000 7.369 to 9.255
Between-person 0.027 0.006 .000 0.016 to 0.040
Within-person 0.002 0.001 .005 0.001 to 0.004
Lagged-within-person 0.000 0.000 .240 —0.001 to 0.000

Note: While controlling for covariates, the mediation multilevel linear model (Bayesian method) allowed the study of indirect average associations of
screen time and fighting over 5 years (between-person effect) as well as the study of indirect concurrent associations (within-person effect) and indirect
lagged associations from one year to the other (lagged-within-person effect) between screen time and fighting within the same assessment. Boldface
indicates significant effects. Bonferroni correction was applied to adjust multiple comparisons, and p-values < .025 were considered significant. Crl =
credibility interval.

hostility, but not by lagged-within-person changes in hos-
tility. Finally, the association of computer use and fighting
was significantly mediated by hostility at between-person
and within-person levels, but not at lagged-within-person
level.

Indirect Associations of Screen Time and Conduct
Problems Through Hostility

Results obtained assessing the associations of screen time
and conduct problems through hostility are presented
Table 4. The association of social media use and conduct
problems was mediated by hostility at the between-person
level and within-person level, but not at the lagged-
within-person level. Furthermore, it was found that the
association of television viewing and conduct problems was
mediated by hostility at the between-person level, but not at
the within-person level and lagged-within-person level. It
was revealed that the association of video game playing and
conduct problems was mediated by hostility at the between-
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person level and within-person level, but not at the lagged-
within-person level. Finally, the association of computer use
and conduct problems was significantly mediated by hostile
thoughts at between-person and within-person levels, but
not at lagged-within-person level.

DISCUSSION

To our knowledge, this is the first study using a large
population-based sample of nearly 4,000 Canadian adoles-
cents analyzing short-term and long-term associations be-
tween screen time (ie, social media use, television viewing,
video game playing, and computer use) and the develop-
ment of aggressive behaviors (ie, fighting, hostility, and
conduct problems) over the course of 5 years. Our statistical
modeling approach, which distinguished between common
vulnerability (between-person effect) and time-varying ef-
fects of screen time (within-person and lagged-within-
person effects), while controlling for sex and SES at
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TABLE 4 Estimated Parameters for Multilevel Models Assessing Hostility as Mediator of Temporal Association of Screen Time

and Conduct Problems

Social media use predicting conduct problems through hostility
Intercept (conduct problems)
Intercept (hostility)
Between-person
Within-person
Lagged-within-person
Television viewing predicting conduct problems through hostility
Intercept (conduct problems)
Intercept (hostility)
Between-person
Within-person
Lagged-within-person
Video game playing predicting conduct problems through hostility
Intercept (conduct problems)
Intercept (hostility)
Between-person
Within-person
Lagged-within-person
Computer use predicting conduct problems through hostility
Intercept (conduct problems)
Intercept (hostility)
Between-person
Within-person
Lagged-within-person

Estimate SE Pr(>|t) 95% Crl

1.820 0.099 .000 1.598 to 2.018

10.656 0.413 .000 9.858 to 11.437
0.095 0.013 .000 0.071 to 0.123
0.024 0.003 .000 0.019 to 0.030
0.000 0.000 265 0.000 to 0.002
1.306 0.106 .000 0.928 to 1.213
9.398 0.440 .000 8.567 to 10.251
0.048 0.015 .000 0.021 to 0.079
0.001 0.003 .360 —0.004 to 0.006

—0.001 0.001 125 —0.003 to 0.000
1.147 0.122 .000 0.886 to 1.377
7.950 0.556 .000 6.856 to 9.088
0.071 0.013 .000 0.041 to 0.098
0.009 0.003 .000 0.004 to 0.014
0.000 0.000 .340 —0.001 to 0.001
1.098 0.035 .000 1.035 to 1.168

24.139 0.911 .000 22.206 to 25.986
0.138 0.020 .000 0.098 to 0.177
0.007 0.003 .005 0.001 to 0.012
0.000 0.000 .393 —0.001 to 0.000

Note: While controlling for covariates, the mediation multilevel linear model (Bayesian method) allowed the study of indirect average associations of
screen time and conduct problems over 5 years (between-person effect) as well as the study of indirect concurrent associations (within-person effect)
and indirect lagged associations from one year to the other (lagged-within-person effect) between screen time and conduct problems within the same
assessment. Boldface indicates significant effects. Bonferroni correction was applied to adjust multiple comparisons, and p-values < .025 were

considered significant. Crl = credibility interval.

baseline, allowed us test 2 concepts: priming and learning.
Applying a mediation MLM analysis, we also tested the
association of the exposure to digital screens with aggression
behaviors through hostility. Several important conclusions
can be drawn.

We found social media use to be significantly asso-
ciated with fighting and hostility at between-person and
within-person levels and to be significantly associated
with conduct problems at between-person, within-person,
and lagged-within-person levels. Based on the concept of
priming, the significant association of social media use
and fighting implies that exposure to certain social media
content (eg, violent content) might be related to short-
lived and impulsive aggressive outbursts. The latter is in
accordance with previous research linking priming effects
to impulsive acts of aggressive behavior™ and increased
screen time to increased levels of impulsivity.??=>4?
Furthermore, in line with our expectations based on
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learning, we found significant lagged-within-person as-
sociations of social media use and conduct problems.
Thus, it appears that adolescents learn and develop
aggressive attitudes over time due to social media use,
which is then associated with increases in their general
tendency toward breaking rules and violating the rights of
others, both through aggressive and non-aggressive acts.
Learning effects are the strongest when behavior is learned
from relevant others, such as pfsers.38 Some social media
platforms, including Facebook and Instagram, are spe-
cifically designed to promote exposure to peer-generated
content, which might explain why social media use was
the digital screen mode that was the most strongly linked
to the development of conduct problems, showing also a
long-lasting effect.

There was evidence of a common vulnerability to high
level of television viewing and aggressive behaviors (be-
tween-person effects), which is consistent with several
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previous cross-sectional studies.”®>> However, beyond this
signiﬁcant association, in contrast to our expectations, we
found a negative association of television viewing and hos-
tility at the lagged-within-person level, indicating that
increased levels of television viewing resulted in a decrease in
hostile attributions over time. This could be related to the
fact that regular television content is subjected to editorial
review and censorship, in contrast to social media.
Furthermore, significant lagged-within-person associations
of television viewing and conduct problems were absent.
Globally, these results suggest that whatever violent content
that teens are exposed to on television and in movies, it is
not shaping hostile attributions toward others and does not
appear to be contributing to the development of conduct
problems over time, perhaps because edited content often
includes both prosocial and antisocial messages and
characters.

Video game playing was found to be significantly
associated with fighting at the between-person level and
with conduct problems and hostility at the within-person
level in line with the concept of priming. The absence of
lagged-within-person associations of video game playing
and aggressive behaviors suggests that a learning process
does not apply to video game playing. The latter might
potentially be explained by the fact that, relative to social
media use, video games do not distribute peer-generated
content, and the content is depicted in a manner that is
not realistic. In line with findings related to video game
playing and aggressive behaviors, computer use showed a
significant association with aggression explained by con-
current common vulnerability and concurrent longitudinal
effect. Overall, these results suggest a general priming ef-
fect by all forms of digital media.

Finally, this study showed that social media use, video
game playing, and computer use were associated with
current increases in levels of hostility in adolescents and in
turn increases in their tendency to engage in fighting, rule-
breaking, and conduct problem behaviors (significant
mediation at between- and within-person levels). However,
increase in screen time during 1 year was not associated
with increase of aggressive behaviors over the longer term
(mediation at lagged-within-person level). In particular, for
social media use and television viewing, which showed a
significant lagged-within-person association with conduct
problems and hostility, respectively, it was not revealed
that hostile thoughts were mediating the development of
conduct problems over the longer term. It is noteworthy
that our lagged-mediation model considered the associa-
tion between 2 sets of behaviors with a 2-year interval.
Globally these results are in line with previous cross-
sectional studies, which highlighted a mediating role of
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hostility in the association of video game playing and
viewing violent movies with aggression. 143 However, our
findings suggested that an additional unmeasured learning
or behavioral process might mediate the relation between
social media use and the maintenance of conduct disorder
symptoms. Potential mediators to investigate further might
be changes in social norms regarding rule-breaking that are
independent of hostile attributions or interference with the
development of prosocial interpersonal skills and coping
strategies.53 For example, social norms can influence be-
haviors via social learning by observing behaviors of
peersS4; a significant mediation role of alcohol-related so-
cial norms in the association of social media use and
alcohol consumption among adolescents has been previ-
ously shown.”

Overall, in using a longitudinal research design in a
sample of nearly 4,000 adolescents and a rigorous and
conservative data analytic approach, the present study is in
line with previous studies supporting the link between
screen time and aggression among both Canadian and
North American adolescents'®'*'? and adolescents in
other P11 and  contrasts previous works
concluding there is not such a link."*'> Our findings
showed that the relation between various forms of screen
time and fighting behavior were transitory, but still
consistent with a causal hypothesis. They suggest that
increasing levels of screen time might lead to youth being
more physically reactive. Our findings also highlighted a
long-lasting protective role of television programs in rela-
tion to hostile thought process among adolescents, while
social media use appeared to have a long-lasting impact on
conduct problems, potentially through a learning process
based on peer-generated content. Indeed, peer-generated
aggressive content observation could stimulate the devel-
opment of aggressive attributional biases, which promote
longer-term tendencies to engage in antisocial behaviors
that go beyond fighting and involve rule-breaking across a
number of life domains.

The interesting findings revealed by this study need to
be interpreted in light of several limitations. First,
although we found several time-varying associations be-
tween screen time and aggressive behaviors in adolescents,
it remains unclear which modes and types of content of
screen time are in fact associated with these aggressive
behaviors. Indeed, as violent content was not measured in

countries

this study, our results could not directly inform hypoth-
eses on the relation between content exposure and the
attitudes and behaviors of adolescents. Therefore, instead
of only between screen time modes, we recommend that
future research distinguish within screen time modes and
that these within screen time modes examine what kind of
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content is associated with aggressive behaviors and atti-
tudes in adolescents. Second, as the digital screen mea-
surement used in this study is limited to 3 hours 30
minutes or more of a particular type of screen activity, we
most likely were not able to capture adolescents demon-
strating more excessive forms of screen time (eg, playing
video games for more than 8 hours per day). Third, we
used self-reports to measure screen time and aggression.
These self-reported measures may have caused some bias
because of participants’ difficulty in recalling exact fluc-
tuations in regular and habitual behaviors, such as time
spend in front of a digital screen. Nevertheless, self-
reported screen time has been shown to correlate with
objective measures of sedentary behavior, indicating some
validity of self-reported measures.’® Fourth, we controlled
each MLM model for sex and SES as covariates. However,
it is possible that there are still confounding time-
invariant covariates at the between-person level (eg, per-
sonality) and confounding time-varying covariates at the
within-person and lagged-within-person levels (eg, inter-
nalizing symptoms) that were not taken into account.
Overall, and notwithstanding these limitations, the
main strength of our study is the temporal assessment of the
association of various types of screen time with aggressive
behaviors mediated by hostility using a large population-
based sample of adolescents, while distinguishing between
the time-varying factors. In addition, this longitudinal Ca-
nadian study collected data between 2012 and 2018. In this
way, even though we did not cover the period characterized
by the COVID-19 pandemic®” or the arrival of new social
media applications, such as TikTok,”® we were able to study
the effects of screen time on adolescent behavior at a unique
time when technological advances and the increasing
availability of mobile digital technologies have become
increasingly accessible to youth. In conclusion, our results
stress the need to regulate screen time to reduce and prevent
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