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Abstract

The rise in digital media consumption, especially among children, raises the societal ques-
tion of its impact on cognition, mental health and academic achievement. Here, we investi-
gate three different ways of measuring technology use-—total hours of media consumed,
hours of video game play and number of media used concurrently—-in 118 eight-to-twelve
year-old children. At stake is the question of whether different technology uses have differ-
ent effects, which could explain some of the past mixed findings. We collected data about
children’s media uses as well as (i) attentional and behavioral control abilities, (ii) psycholog-
ical distress, psychosocial functioning, and sleep, and (iii) academic achievement and moti-
vation. While attentional control abilities were assessed using both cognitive tests and
questionnaires, mental health and sleep were all questionnaire-based. Finally, academic
performance was based on self-reported grades, with motivational variables being mea-
sured through the grit and the growth-mindset questionnaires. We present partial correlation
analyses and construct a psychological network to assess the structural associations
between different forms of media consumption and the three categories of measures. We
observe that children consume large amounts of media and media multitask substantially.
Partial correlation analyses show that media multitasking specifically was mostly correlated
with negative mental health, while playing video games was associated with faster respond-
ing and better mental health. No significant partial correlations were observed for total hours
on media. Psychological network analysis complement these first results by indicating that
all three ways of consuming technology are only indirectly related to self-reported grades.
Thus, technology uses appear to only indirectly relate to academic performance, while more
directly affecting mental health. This work emphasizes the need to differentiate among tech-
nology uses if one is to understand how every day digital consumption impacts human
behavior.
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Introduction

Digital media consumption (e.g., watching videos, listening to music, playing video games)
has increased drastically over the past decades. In the US, 8-12 year old children spend an
average of almost 6 hours on digital media every single day [1] with a substantial fraction of
that time spent on multiple media at the same time [29% for 7th to 12th graders; [2]]. In the
European Union, 10-14 year olds spend an average of 2.8 hours a day on digital screens; for
15-19 year olds that number increases to about 3 hours per day [3]. These numbers reflect the
ubiquitous role that digital media has come to play in our lives, a role that is very likely to keep
growing both in terms of the magnitude and the diversity of digital media consumption. This
state of affairs raises increasing concerns about the impact of digital media consumption, in
particular among children.

The emerging literature on the impact of media use on cognition paints a rather complex
picture whereby different media have distinct, and possibly opposite effects. For example
video games have been shown to have different effects on various cognitive dimensions
depending on the specific game genre played [4, 5]. Children’s media consumption is fre-
quently assessed through total time on media as if all forms of media represented a unitary
experience. Yet, this is clearly not the case [6]. Research increasingly suggests that the impact
of digital media use on cognition, academic performance or health is complex [e.g., 7, 8], as it
depends on the type of media (e.g., video games, social networks), its content (e.g., fantasy,
documentary), the context (e.g., alone, in groups) and the traits of the person consuming
media [e.g., age, gender]. To understand how digital media impacts children’s attentional and
behavioral control, mental health and academic achievement requires a finer grained approach
[9-11].

The present work builds on this recognized need for a finer grained approach. First it pres-
ents new experimental data which takes a more granular approach to media consumption by
investigating three media consumption indices—-total time on media, media multitasking and
video game play. Second, this work assesses the relationships of these forms of media con-
sumption with children’s cognition as measured not only through surveys but also task-based
measures of attentional and behavioral control; the latter providing finer measures of cogni-
tion than surveys. In addition, mental health, and school related variables were also collected
on the same children, allowing us to evaluate the relative association strength of different
media consumption types on different aspects of children’s lives. The third contribution of this
work is methodological. Studying the impact of media on humans poses a number of chal-
lenges: many of the variables considered in this research field correlate with each other (e.g.,
total hours on media correlates with the amount of media multitasking) and there are yet no
clear, established causal models in this emerging field (e.g., does multitasking increase impul-
sivity or do impulsive people multitask more?). We apply psychological networks—a relatively
new modeling technique—and discuss how it provides valuable insights that complement the
more traditional pairwise correlations, linear regressions or mediation analyses.

Previous studies

The current cognitive literature suggests that different forms of media consumption have dif-
ferent relationships and possibly casual effects on human cognition. In particular, while play-
ing action video games has been linked to enhanced cognition, and in particular attentional
control, media multitasking has been linked to worse attentional control, greater distractibility
or attention lapses. Such contrasting relationships also call into question the rationale of con-
sidering all screen times in an undifferentiated way as is common in the literature. This work
therefore focuses on three measures of media usage: total time on media, media multitasking
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and video gaming. We review in turn their respective relationships with cognition, mental
health and a few school related variables, among which academic performance.

Total time on media. Many studies report that total time on media (all types of media or
all screen based media) is associated with adverse attentional and behavioral outcomes [e.g.,
12-15] and in particular Attention-Deficit/Hyperactivity Disorder (ADHD) symptoms. A two
year longitudinal study on more than three thousand 15-16 year olds reported that a higher
frequency of media use at baseline was associated with a subsequent increase in ADHD symp-
toms [16]. Similarly, a meta-analysis on the relation between total time on media and ADHD-
related behaviors reported a small but significant association [17], as measured by either cogni-
tive tasks, surveys, or observations.

Total time on media has also been linked to various mental health problems. Limtrakul
et al. [18], for example, explored the relationships between self-reported media use variables
and psychosocial health—as measured by the Strengths and Difficulties Questionnaire [19]
which has been linked to Problematic Media Use [20] among 10-15 year olds. Their results
suggest that larger amounts of total time spent on media is associated with lower prosocial
behaviour scores (measured with items like: the child is “kind to younger children”). More
time on digital technology has also been linked to decreased well-being in adolescents. Indeed,
Orben & Przybylski (2019) documented such a negative tendency using several large-scale
datasets [21]. Yet, these authors also stressed that this relationship is so small as to be
negligible.

The relationship between total time on media and school related variables is less clear, with
large-scale studies reporting somewhat contradictory results [e.g., 22, 23]. A recent meta-anal-
ysis on the relationship between overall “screen” media use (i.e., computer, internet, mobile
phone, television, video game) and academic performance among children and adolescents
(4-18 year olds) reported no relationship between total time on digital media and academic
performance [7]. This same study however, reported that both larger amounts of time spent
watching television or playing video games were associated with lower academic performance.

Media multitasking. Media multitasking, the simultaneous use of multiple digital media
(e.g., listening to music while surfing the web), is both an expanding, recent societal phenome-
non [1, 24, 25] and an active research topic since the seminal study by Ophir et al. [26]
reported that young adults who media multitask heavily exhibited impairments in suppressing
distractions across multiple cognitive tests.

Media multitasking has been associated with a broad range of cognitive impairments [27-
30], most notably in attentional and behavioral control—in particular top-down control of
attention, such as inhibiting distractions or avoiding attention lapses, and behavioral control
such as avoiding impulsive behavior. Indeed, media multitasking has been associated with
higher scores on ADHD surveys [31-33], and higher levels of impulsivity [32, 34-36] and
mind-wandering [37], but see [38]—-in line with these results, Kobayashi et al. [39] reported
differences in functional connectivity of the dorsal attentional network when comparing heavy
and light media multitaskers. Furthermore, Ophir et al. [26] reported that heavy media multi-
taskers performed worse than light media multitaskers on a range of cognitive tasks, including
working memory, task switching and selective attention tasks. A recent neuroimaging study
further points to altered memory retrieval in high media multitaskers, owing to more frequent
attentional lapses during the processing of memory retrieval cues [40]. Other studies did not
always replicate these results [34, 41-43] or suggested that the relationships between levels of
media multitasking and cognitive performance may be non-linear [44, 45]. The results seem
clearer when using surveys and self-reports rather than computerized tests [31]: media multi-
tasking has been associated with deficits in self-reported everyday executive and attentional
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functions [31, 37, 46, 47] and could be particularly detrimental at younger ages where execu-
tive functions still develop [48]; see also [49].

Media multitasking has also been associated with mental health problems. Becker et al. [50]
for instance, reported that media multitasking was positively correlated with depression and
social anxiety scores, even after controlling for total time on media and personality traits. High
levels of media multitasking have been linked to less sleep, difficulties to fall asleep at night and
to keep awake during the day, at school [51, 52]. However, a longitudinal study found no tem-
poral association between media multitasking and sleep [53], suggesting that the relationship
between media multitasking and sleep might not be a direct causal one.

Finally, media multitasking has been linked to negative academic performance and other
school related variables. Some studies for instance report that heavy media multitaskers are less
efficient academic learners [54] and may have less grit [50] —-the ability to maintain persever-
ance in otherwise aversive tasks, which seems important for academic success [55]. Cain et al.
[56] studied 12-16 year olds and reported that heavy media multitasking was associated with
lower academic performance on standardized tests (Math and English) but also with lower
performance on computerized executive functions tests and higher impulsivity, along with
lesser growth mindset (but neither grit nor conscientiousness, in contrast to other studies
mentioned), suggesting that media multitasking is a critical variable to consider when investi-
gating the effects of media [see also 57, 58].

Video game play. Several meta-analyses document a positive impact of specifically action
video games (AVG)-as compared to other types of video games-on cognition [e.g., 59-63, but
see 64]. Playing AVG has been frequently related to improved attentional control and in partic-
ular improved top-down (but not bottom-up) attention [63]. AVG, defined in this literature as
those in the first or third-person shooter genres, appear to have a greater positive impact on
cognition than other types of video games [63]. In cross-sectional studies of attentional control
on 7-22 year old participants who were classified as either being AVG players or non-video
game players, [65] observed systematic attentional advantages in the AVG players group.
These results are further supported by a few intervention studies on children. For example,
Franceschini et al. [66, 67] trained 7-13 years old dyslexic children using various mini-games
for 12 hours, distributed over multiple days. The experimental group played mini-games that
used action video game mechanics while the control group played mini-games that did not
share those features [4, for a discussion of action game features, see 68]. The results showed an
improvement in attention (and in reading) only for the experimental group that trained with
action-like mini-games. The positive relationship between action video game and cognition is
unlikely to hold for video games at large. Indeed, the bulk of intervention studies using action
video games makes it clear that not all video games have the same impact on cognition.

The relationship between video game play and mental health are somewhat mixed. A large-
scale study (N = 2442), on 7-11 year old children for instance, reported that large amounts of
gaming (more than 9 hours per week)—but not smaller amounts—were associated with
increased conduct problems and reduced prosocial behavior [69]. Similar conclusions seem to
hold in older children [10-15 year-olds; [70]]: compared to children who do not play video
games at all, children who play daily for more than 3 hours presented less prosocial behaviors,
more conduct problems and decreased life-satisfaction. Children who played between 1 and 3
hours per day were equivalent in those measures as children who did not play at all. Surpris-
ingly however, playing less than 1 hour per day was linked to the opposite pattern of results,
suggesting that small amounts of video gaming might in fact have positive effects [70]. This
hypothesis is corroborated by a European study on more than three thousand 6-11 year-olds
[71] which reported no sign of increased mental health problems as a function of video game
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play and instead, suggested that gaming might have a protective effect against difficult social
relationships.

Finally, there have also been mixed results on the relationship between playing video games
and school related variables. After correcting for multiple demographic and trait-level vari-
ables, larger amounts of video gaming was linked with greater intellectual functioning and
school achievement (as rated by the child’s teacher) relative to other children in the class [71].
Similarly, Pujol et al. [69] found a positive association between game play and the teacher’s rat-
ing of school achievement, but no trend with the number of hours played [see also 72]. The
relationship between video gaming and academic performance remains, however, unclear
[73]: it can be positive, negative or absent depending on various factors (e.g., playing during
weekdays versus weekend days [74]; playing before versus after school [75]). The relationship
between gaming and academic outcomes might be U-shaped rather than monotonic, and
might for instance depend on the type of games played [76]. There are some reasons to believe
that action video games in particular might benefit educational outcomes [66, e.g., 77, 78].

The present study

The reviewed literature shows that different forms of media consumption may affect atten-
tional/behavioral control, mental health and school related variables in different ways. Given
the ubiquity of digital media in our lives and the concern that their potential adverse effects
may be amplified in younger children, it is imperative to further our understanding of these
effects and how they relate to each other.

The reviewed literature is filled with hypotheses about the potential causal relationships
between any two constructs, but oftentimes the data to support specific claims is simply miss-
ing [79]. It is unclear, for example, why exactly total time on media should correlate with atten-
tional/behavioral control, mental health or school related variables. Total time on media is a
rough measure of media consumption and there are potentially many confounding variables
(e.g., media multitasking habits) which might be responsible for the observed associations.
Furthermore, total time on media might have only an indirect effect. For instance, total time
on media may affect attention, mental health and school related variables via its negative
effects on sleep [80], which might be the real cause of decreased cognitive functioning, mental
health and academic performance [e.g., 81, 82]. It appears then, that in order to gain insights
into the underlying relationships it is necessary to collect for each participant a larger set of
measures covering both different aspects of their media use habits, but also aspects of their
cognitive functioning, their mental health and, in the case of children, school related variables.
This insight motivated the design of the present study. Note that cross-sectional data (as
reported here and in most of the cited literature) is fundamentally limited in its ability to sup-
port causal claims; specific causal relationships are best established within intervention studies.

The second important insight is methodological and concerns how to best analyse such
multivariate data. Previous cross-sectional research mostly used correlation and linear regres-
sion analyses to highlight the presence of a (positive or negative) relationship between some
form of media use and a variable of interest. Correlations between pairs of variables may be
misleading because those correlations might be explained by other variables. Linear regression
on the other hand, implicitly assigns causal roles to the variables. Indeed, regressing, for exam-
ple, academic performance on total hours of media is different from regressing total hours of
media on academic performance and seems to suggest that total hours of media causes changes
in academic performance. There are of course more advanced multivariate models which ade-
quately treat measures as such (rather than implicitly assuming that some variables are mea-
surement-free predictors, as is the case in linear regression) and explicitly define the
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directionality of the influence of the variables (most notably, structural equation models which
include mediation and moderation models). However, there is currently no clear understand-
ing of the relationships that might exist between the various constructs to justify a particular
causal structure for such models.

This research field is currently characterized by both an ubiquity of correlations among var-
iables and a paucity of evidence for specific causal relations among them. In this context, the
method known as psychological network analysis [83, 84] seems particularly useful. This
method is analogous to partial correlation analyses in that it attempts to evaluate the specific
association between pairs of variables, albeit within the context of a network of variables.
Using this method one may evaluate, for instance, whether there is a direct link between total
media time and self-reported grades or whether the data is compatible with the hypothesis that
total media time has an indirect effect on grades by reducing the amount or quality of sleep.
Under certain assumptions, the presence of a direct association between two variables in a psy-
chological network may be indicative of a causal relationship between them; however the
directionality of the relationship remains unspecified. When there are many possible variables
under investigation and no clear theoretical model, the associations highlighted in psychologi-
cal networks might provide relevant starting points for future studies to investigate causality
experimentally. While at this stage, this type of analysis is mostly exploratory, it offers a new
perspective on previously reported effects and may constitute a promising avenue going
forward.

In this study we collected data on three different self-reported measures of media use (total
time on media, media multitasking and video game play) as well as a collection of measures
that have been highlighted in past research; these measures cover attentional/behavioral con-
trol, mental health and school related variables. These questions were addressed in the 8—12
years age range, a particularly vulnerable time period of development for identity formation,
socio-emotional development and, importantly for this work, further maturation of cognitive
skills such as executive functions [52, 85]. In addition, it is during this age range that children
transition to a more independent use of digital media, making it a specially interesting age
range for researchers [52, 65]. This dataset includes a large set of variables for the same sub-
jects, that is 156 eight-to-twelve year-old children. Although a larger sample size would always
be welcomed, such multivariate dataset to qualify media usage in children remains rare in the
literature.

We first probe the specificity of previously reported pairwise relationships between vari-
ables using rather traditional methods, such as partial correlation analysis, before using psy-
chological network analysis. This two-step approach allows us to relate our results to past
research while also providing new insights.

Methods
Ethics review and consent

The study was approved by the Ethics Review Commission of the University of Geneva.
Parents provided written consent for their children to participate in this study.

Participants

This study was conducted in a public primary school in the suburbs of Geneva, Switzerland.
The school had expressed interest in participating in scientific studies. Children were recruited
through teachers volunteering. These children were between 8 and 12 years old and were
either in grade levels 5P to 8P (corresponding roughly to grades 3 to 6 in the United States
[86]) or were part of a special needs class (we did not record or have access to any data further
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details characterizing children in this class). No inclusion/exclusion criteria were applied at
data collection time. For the psychological network analyses reported below, we did not know
what effect sizes to expect-instead we thrived to collect data from as many participants as we
could, knowing that we would easily exceed the few tens of participants that are common in
this type of study.

From the 226 children in the targeted classrooms, we obtained parental consent for 156
children (84 boys and 72 girls). Data from these 156 children are available on https://osf.io/
aj2bc/. For the purposes of this study, we excluded from further analyses children from the
special needs class (n = 16), children who did not complete the media questionnaire (n = 21).
One additional child was excluded from further analyses because their reported number of
daily hours on media (almost 35 hours) was much larger than for the remaining children (the
second largest number was 17.5 hours)—note that it is possible to exceed 24 hours of media
per day by consuming multiple media at the same time). This procedure ultimately led to an
effective sample size of 118 children (57 girls, 61 boys, with a mean age of 10.38 years
(SD = 1.16)). Note however that because of the multi-session nature of the study, some data
are missing (e.g., children or their parents failed to complete one or more of the questionnaires
or tests)—in the analyses below we report sample sizes for specific variables when relevant.

Apparatus

We collected data via paper-and-pencil questionnaires completed by the parents and teachers
of the children enrolled in this study as well as via cognitive tasks that were completed by the
children in their classroom during school time. Below we list the surveys and cognitive tasks
that were used.

We included a large amount of paper-and-pencil surveys to span a wide range of dimen-
sions that might be relevant within the scope of this study. This selection included standard
surveys from the literature but also custom-made questions that are more exploratory. The
surveys were all administered in French translations of their original versions (our translations
are available to readers by request). Children were asked to complete these questionnaires with
their parents unless otherwise noted.

Questionnaires. In addition to a general demographic questionnaire—which asked chil-
dren about their birthdate, gender, handedness, number of siblings, self-reported health state,
the languages spoken at home, as well as yes/no questions about difficulties in vision, audition,
learning and verbal comprehension and expression—the questionnaires included in this study
cover broady speaking four categories: digital technology use; attentional problems; mental
health and sleep; grades, motivation and beliefs. Below we present these questionnaires briefly;
for more details, see the S1 File.

Digital technology usage. The media multitasking inventory is an adapted version of the
media multitasking questionnaire [26]. We used three main measures from this questionnaire:
the total number of hours of media content consumed per day, the media multitasking index
(as defined in our study) and the total number of hours of video gaming per day.

The video gameplay questionnaire asks about which video games children play, on what
device and how frequently (“often,” “sometimes,” “rarely”). Combined with the reported num-
ber of hours of video gaming from the media questionnaire, this survey provides an estimate
of how much time is spent on each game category.

Attentional problems. The Conners Teacher’s Rating Scale [87] requires teachers to evalu-
ate their children’s school behavior and leads to a score, where a higher value is interpreted as
having overall more ADHD-like behavior (e.g., difficulty paying attention or impulsive
behaviors).
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The Conners Parent’s Rating Scale is similar but is filled out by the child’s parents.

We assessed mind-wandering or the frequency of task unrelated thoughts using the 4-item
short Mind-Wandering Questionnaire (MWQ) [88].

Mental health and sleep The K-6 distress scale [89] evaluates non-specific psychological
distress with items relating to anxiety and depression; a higher score reflects higher levels of
emotional distress.

This Strength and Difficulties questionnaire [19] covers 5 dimensions of children’s behav-
iors, emotions, and relationships and provides a total score which reflects general difficulties,
encompassing both emotional and behavioral problems.

We also included a custom-made sleep questionnaire from which we compute a score, with
higher values indicating better sleep and less fatigue.

Grades, grit and mindset. The custom-made grades questionnaire asked children to self-
report their grades (the question translates to “what do you think is your average general grade
at school?”), and their grade satisfaction (“I have good grades at school” with responses on a
four-point Likert scale going from yes to no).

The grit questionnaire measures perseverance and passion for long-term goals [55], with a
higher score corresponding to greater perseverance.

Finally, the Theory of Intelligence (or mindset) questionnaire measures childrens’ beliefs
about the potential of intelligence to improve [90]; a higher score indicates a “growth mindset”
or a stronger belief that intelligence can be improved.

Cognitive tests. We report here 3 of the 5 cognitive tasks completed by the children in
this study (one task was excluded because technical problems compromised the integrity of
the data, and the other because it was part of an exploratory study that is unrelated to the pres-
ent study). Each of these 3 tasks taps mostly attentional processes and gives rise to three main
measures (for a total of 9 measures across the three tasks): a response speed index (how fast
children perform), an inattention index (how often they fail to respond when they should
have) and an impulsivity index (how often they respond when they shouldn’t have). These
indices were then z-scored within tasks and averaged across tasks to provide an overall score
on speed, inattention and impulsivity. Below we present these tests briefly; for more details,
see the S1 File.

D2 cancellation task. The D2 task is a paper and pencil task designed to measure selective
attention [91]. Participants were given a sheet of paper filled with symbols composed of the let-
ters “d” or “p” with zero, one or two bars above and/or below the letter. Children were orally
instructed to circle every symbol that comprises the letter “d” that is surrounded by exactly
two bars (e.g., one above and one below; two above and none below).

Sustained attention to response task (SART). In the SART task [92] a digit (1-9) appears for
250 ms on the screen center every 1.150ms and children are instructed to tap on the screen in
response to any digit except the digit “3.”

Bron lyon attention stability task (BLAST). In the BLAST task [93], children are first shown
a single target letter (e.g., “A”) for 250ms, followed 500ms later by a 2x2 array of letters that did
(e.g., “A, K, B,R”) or did not (e.g., “X, K, B, R”) contain the target letter. They were asked to
report on each trial whether or not the target letter was present in the array.

Procedure

The teachers distributed and collected the consent forms from the parents at the beginning of
the school year. Parents could fill out the questionnaires at home with their child and bring
them back to the school once they were completed. Teachers also filled out a questionnaire
about each of their pupils whose parents consented to the study.
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Given the large number of questionnaires and cognitive tests involved in this study, data
collection was split into three sessions (January, March and May). In each session, different
questionnaires and cognitive tests were completed.

The cognitive tests reported in this study were all conducted in a classroom setting where
groups of 14 to 16 children were tested in a classroom setting under the supervision of at least
two experimenters and a teacher. Each child was given their own tablet, pencil and paper on
which the tests were implemented. They were seated at a table to complete the pencil and
paper tests as well as computerized cognitive tests and were allowed to set the screen distance
or position as they wished. This data collection procedure was motivated both by practical
considerations and theoretical ones. At the practical level, it allowed for more efficient data
collection. At the theoretical level, it allowed us to measure cognition in a real-life situation
rather than an artificial lab setting. In doing so, our data collection is better aligned with our
interest in understanding how media use affects everyday cognitive functioning. Each class-
room test session lasted about 40 minutes. ## Code

Data processing, analyses and visualization were run in R version 3.6.0 (2019-04-26) [94],
using the packages tidyverse [95], Ime4 [96], ImerTest [97] and bootnet [84]. For further details,
see the S1 File. The code and data for this study are available on https://osf.io/aj2bc/.

Results

Reliability and descriptive statistics are reported in the S1 File. Here we first briefly describe
some key results about media usage among 8 to 12 year old children before evaluating specific
relationships between different forms of media usages, attention, mental health and school
related measures.

Media consumption by age and gender

Total hours of media consumed per day increases with age (Spearman correlation r = 0.35,

p < 0.001). At age 8, children consume on average 4 hours and 28 minutes of media per day;

at age 12, that number increases to 8 hours and 14 minutes per day. For each additional year of
age, total hours of media consumed increases by almost a full hour.

The total amount of media consumed does not differ among boys and girls (Wilcoxon rank
sum test with continuity correction, W = 1669, p = 0.71). This result is confirmed by a linear
mixed effects analysis on the hours spent per media by gender (F(1, 116) = 0.003, p = 0.957).
Yet, this same analysis also shows that some media are consumed more than others (F(7, 812)
=16.1, p < 0.001) and differently by boys and girls (interaction effect, F(7, 812) = 5.6,

p < 0.001). More specifically, boys spend more time on video games than girls (1.1+0.12 h/day
versus 0.47+0.08 h/day; Wilcoxon rank sum test with continuity correction, W = 846,

p < 0.001; gender differences for other media are smaller and would not resist multiple com-
parison correction).

Media multitasking also increases with age (Spearman correlation: r = 0.34, p < 0.001). At
age 8, the media multitasking score—-which refers to the average number of additional media
used while using a primary medium (a score of 0 meaning each medium is always consumed
in isolation)—-is 0.66; at age 12, it increases to 1.61. For each additional year of age, the average
number of additional media used simultaneously while using media increases by about 0.24.

Finally, there is no difference in media multitasking scores between boys and girls (Wil-
coxon rank sum test with continuity correction, W = 1597, p = 0.613).

Within the age range studied, the number of hours spent on video games each day does not
increase with age (Spearman correlation, r = 0.04, p = 0.695). Overall, boys spend more time
on video games than girls do (mean+SEM: 1.1+0.12 versus 0.47+0.08 hours per day; Wilcoxon
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Fig 1. Cognitive performance as a function of children’s age.

https://doi.org/10.1371/journal.pone.0259163.g001

rank sum test with continuity correction, W = 846, p < 0.001). A linear mixed effects model
on the hours of daily video gaming yields a significant interaction effect between gender and
whether the games played were action-like or not (F(1, 186) = 12.6, p < 0.001): boys play more
action-like video games than girls (W =347, p < 0.001; 0.68+0.1 versus 0.13+0.05 hours per
day) but there is no difference between them when considering time spent on other games

(W =1173.5, p = 0.535; 0.41+0.08 versus 0.5%0.1 hours per day).

Attentional performance by age and gender

As children get older, response speed increases (Spearman correlations: r = 0.52, p < 0.001),
impulsivity decreases (i.e., tendency to make false alarms; r = -0.22, p = 0.029), and inattention
decreases numerically although not in a statistically significant way according to the Spearman
correlation test (i.e., miss rates; r = -0.15, p = 0.133; see Fig 1). To evaluate the effect of gender,
in addition to age, we also ran linear regressions on the three cognitive indices (regressing sep-
arately the three cognitive indices on age, gender and their interaction). These analyses show a
significant effect of age on speed (F(1,95) = 38.8, p < 0.001), on impulsivity (F(1,95) = 3.65,

p = 0.059) and on inattention (F(1,95) = 5.14, p = 0.026). The effect of gender was significant
on impulsivity (F(1,95) = 6.29, p = 0.014; with boys being more impulsive than girls) and on
inattention (F(1,95) = 5.14, p = 0.026; with girls performing better) but not on response speed
(F(1,95) = 3.22, p = 0.076). Finally, in none of the measures did we observe an interaction
between age and gender (all p >= 0.208).

Partial pairwise Spearman correlations

Total media time and media multitasking. As many of the variables are correlated—for
example, response speed correlates with total hours of media consumed (r = 0.26, p = 0.008)
but both response speed and total hours of media also correlate with age (r = 0.52, p < 0.001
and r = 0.35, p < 0.001)—it is not straightforward to interpret correlations between any pair of
variables. We thus use partial correlations in an attempt to evaluate the specific relationship
between two variables when controlling for age and other types of media use.
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Fig 2. Partial Spearman correlation profiles of total hours of media (controlling for age, gender and MMI; left
panel) and media multitasking (MMI; controlling for age, gender and total hours of media; right panel).
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We computed the correlation between total hours of consumed media and each of our vari-
ables of interest while controlling for media multitasking and age and gender; we also did the
reverse, i.e., compute the partial correlation between media multitasking and the variables of
interest while controlling for total hours of media, age and gender. This procedure is justified
by the fact that media multitasking and total hours of media are strongly correlated (r = 0.48,

p < 0.001).

The partial correlation profiles corresponding to these two cases are shown in Fig 2. Clearly,
these results show no correlation between total hours of media and any of the measures of
interest when controlling for age, gender and media multitasking. However, when controlling
for age, gender and total hours of media, we observe relationships between media multitasking
scores and most self-reported measures. High levels of media multitasking are linked to higher
levels of distress (K6), lower socioemotional functioning (SDQ), more behavioral and atten-
tional problems as measured by both Conner’s Parents and Conner’s Teachers, as well as a
reduced quality of sleep and lesser grit. No significant partial correlation is observed between
media multitasking and mind-wandering, mindset, grades, or any of the cognitive perfor-
mance measures.

Video gaming. Recall that the reported daily hours of video game play was taken from the
media questionnaire and that there was a separate set of questions asking participants to report
which games they played and at what frequency. This second questionnaire was used to deter-
mine if the games played by the children contained action-like mechanics or not (as well as
other video game related data that are not reported here). From our data, we could compute
the fraction of time spent on action-like video games versus other games. We then estimated
the time spent on those two types of media by multiplying those fractions with the total daily
hours of video game play. We excluded from this analysis participants who did not play at all
(n =21) or failed to report which specific games they played (n = 10).

We evaluated how playing video games relates to cognitive measures and found, in agree-
ment with the literature, that video gaming correlates positively with response speed (r = 0.3,

p = 0.006) but neither with impulsivity (r = -0.04, p = 0.746) nor inattention (r = 0.03,
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p = 0.793). The response speed effect appears mostly driven by time on action-like games
(r =0.22, p = 0.046) rather than other types of games (r = 0.13, p = 0.23; all other correlations
are not statistically significant).

Next, we looked at the relationships between playing video games (overall and separating
action and non-action video games) and our variables of interest, while controlling for age,
gender, total hours of media and media multitasking score.

Overall, more time on video gaming is associated with faster response speed in the atten-
tional control tasks (r = 0.26, p = 0.024, n = 77; see Fig 3) without, however, any concomitant
increase in error rates that could have been indicative of an increased impulsivity or inatten-
tion (p > 0.756). The largest effect was observed on the K6 distress scale with more time on
video game being associated with lower levels of distress (r = -0.38, p = 0.006, n = 55). These
effects were only observed when collapsing all games together; with no clearly dissociable
effects between action-like video games and other video games genres. No other reliable effects
were observed.

Psychological network

A generalization of the data analysis approach presented above consists in evaluating the par-
tial correlations between any pair of variables while controlling for all the remaining variables;
such a method is sometimes known as psychological network analysis. The resulting patterns
of partial correlations may be represented as a network where nodes represent variables and
edges the presence of a partial correlation between them [84]. Nodes connected by an edge
therefore indicate a direct relationship between those variables, while indirect relationships are
simply any non-direct pathway in the network. The advantage of this approach, compared to
Structural Equation Modeling for example, is that it permits to simultaneously take into
account a range of variables of interest without having to commit to a particular causal struc-
ture, which at this stage of the research remains largely unknown. It provides a picture of the
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complex relationships between various cognitive, demographic and life-style factors that
might be a more accurate depiction of reality and less biased by a particular research agenda.

Description of the technique. Psychological Networks were estimated using the R pack-
age bootnet [84] and R [98]. The rationale is akin to estimating the partial correlation between
each pair of variables while controlling for all remaining ones. However, as the number of pos-
sible partial correlations between each pair of variables increases rapidly with the number of
variables, there is an increased chance of false positives (when not correcting for multiple test-
ing) or a reduced probability to detect any effect at all (when controlling for multiple testing).
An alternative approach, that circumvents these issues, estimates all the partial correlations at
once and uses LASSO regularization and the Extended Bayesian Information Criterion to
determine which model (with some of the partial correlations set to 0) best accounts for the
observed data. There are no p-values associated with specific edges; rather, the estimated net-
work as a whole, highlights the combination of edges that are reliable.

Variables entered into the analysis. Given our limited sample size and in order to limit
spurious relationships, we included in this analysis only our primary variables for which we
had the largest sample sizes. The eleven variables included in this analysis are the media multi-
tasking score (N = 110), the total number of hours of media consumed each day (“Media
Hours,” N = 118), the number of daily hours of video game play (“Gaming,” N = 118), child’s
age and gender (as “Female,” N = 118), self-reported grades (“Grades,” N = 117), “Conner’s
Teachers” (N = 92), “Sleep” score (N = 116) and the three composite scores from the atten-
tional control task—i.e., “Speed,” “Inattention” and “Impulsivity” (N = 99).

Network analysis

The concentration plot in Fig 4 highlights several noteworthy relationships. First, and as
expected, age is strongly associated with the attentional control variables, being linked posi-
tively to speed and negatively to false-alarms (i.e., “Impulsivity”) and misses (i.e., “Inatten-
tion”). Thus, as expected, older children respond faster, and suffer less from impulsivity and
inattention. Second, this analysis also confirms the well-known speed accuracy trade-off. Tak-
ing all variables into account, “Speed” is positively associated with “Impulsivity” and “Inatten-
tion” as faster participants tend to make more errors. Third, and also as expected, the three
measures of technology use are positively related to each other, with time on media (i.e.,
“Media Hours”) being associated with both higher levels of media multitasking (“MMI”) and
more time spent playing video games (“Gaming”). Interestingly, no direct relationship
between “Gaming” and “MMI” is observed. Furthermore, there is a positive association with
age for both “Media Hours” and “MMI”—indicating greater technology consumption as chil-
dren get older.

Of greater practical interest are the predictors of “Grades.” Both lower “Inattention” and
lower “Impulsivity” levels are associated with better grades—“Speed” however is not directly
related to grades. Furthermore, grades relate directly to “Teacher Ratings” with, as expected,
higher ratings (i.e., higher levels of behavioral issues and attentional deficits) being associated
with lower grades. “Teacher Ratings” are associated with “Impulsivity” as measured in the
attentional control tasks, which attest to the consistency and validity of these measures.
“Teacher Ratings” also relate to the child’s gender—-with girls receiving better ratings than
boys-—and to sleep habits-—with poor self-reported sleep satisfaction being associated with
worse teacher rated attentional/behavioral problems (i.e., higher “Teacher Ratings” scores).

Technology use is found to have little to no direct relationship with grades, except for MMI
—higher levels of MMI are weakly associated with lower grades. Most relationships between
media uses and grades appear instead to be indirect: higher levels of MMI are associated with
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poor sleep and with more hours of media consumed; worse sleep and more hours of media
consumed are associated with worse teacher rated attentional/behavioral problems, which in
turn are associated with lower grades. Total hours of media is only indirectly related to grades
via worse teacher ratings. Finally, there are no clear links between gaming and either grades,
teacher ratings, or sleep. Gaming is only associated with increased response speed, albeit
weakly.

Discussion

There are growing concerns about the potential of digital media to negatively impact everyday
life functioning, in particular during childhood. These concerns call for empirical data on
media use in children that is both granular (i.e., considering separate forms of media use),
comprehensive (i.e., considering simultaneously a wide range of possible outcome variables)
and which adequately handles the fact that many of these variables correlate with each other.
Here we investigated three main aspects of media consumption behavior—total media hours,
media multitasking and video gaming—among a population of 8 to 12-year old children. The
present work addresses the relationships between these three distinct forms of media con-
sumption and attentional and behavioral control (measured through both cognitive tests and
questionnaires), mental health and sleep, grades, grit and mindset.

Our results confirm the well-established observation that as children age, they consume
more media. In this representative sample of Swiss children, the amount of media content
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consumed each day increased steadily by one additional daily hour per year of age. From ages
8 to 12, the daily hours of media consumed increased from about 5 to 9 hours. This is in line
with many reports in the literature [1], including Pea et al. [52] who used a similar (albeit
online) survey on a sample of 3,461 8 to 12 year old girls and reported an average of 6.9 hours
of daily total media use. This was concomitant with an increase in the number of media used
at the same time by 1.4 additional media. In our work, the average number of additional
media that children use when using more than one medium at the same time increased from a
value of 0.66 at age 8 to a value of 1.61 at age 12. Notably, girls and boys did not differ in terms
of total media time or amount of media multitasking—-unlike other studies reporting that
girls media multitask more than boys [48, 99]. Girls and boys did however differ in the types of
media consumed, with boys reporting larger amounts of video game play, especially those con-
taining action-like mechanics. The extent to which these differences in media consumption
foster gender differences in cognitive skills remains an interesting open question [100, 101].

Total media time and its limitations as a metric

We argue, as have many before us [6, e.g., 9-11], that total time on media is not a sufficient
metric. Total time on media correlates strongly with measures of more specific forms of media
use, each of which having their unique, positive or negative impact. This is apparent in the psy-
chological network analysis where total time on media is among the most connected nodes.
Yet, this analysis also highlights the distinctness of media multitasking and video gaming, each
of them in separate clusters. The shared variance captured by total time on media appears
determinant to account for poor attentional behavior. Children who spend more time on
media are more frequently reported by their teachers to manifest ADHD-like behavior. Con-
ceptually, this relationship is in line with past research [16, 17, 82]. Yet, partial correlation anal-
yses reveal that media multitasking might be driving this effect. We observe no significant
relationships between total time on media and any of our outcome variables when controlling
for media multitasking, age, and gender. Although these results could appear to contradict
those published in the past [15, 82, 102], these past studies used total media time without con-
trolling for other types of media consumption. In contrast to total media time, media multi-
tasking is associated with more frequent ADHD-like behavior as rated by their teachers, when
controlling for total media time, gender, and age.

Media multitasking versus video game play

The partial pairwise correlations highlight large and significant partial correlations linking
media multitasking with numerous adverse, self-reported measures: higher levels of media
multitasking were associated with higher levels of psychological distress (K6), lower levels of
socioemotional functioning (SDQ), worse behavior and attention ratings by both teachers and
parents, worse sleep and lower levels of grit. These results are in line with past research report-
ing an association between media multitasking and increased depression and anxiety among
young adults after controlling for total time on media and various personality traits [50], or
media multitasking and worse socioemotional outcomes and worse sleep among 8- to 12- year
old girls [52]. The psychological network analysis further supports the negative link between
media multitasking and worse sleep. Sleep is important because it is known to affect many
aspects of our lives, including attentional/behavioral control, mental health and school related
variables [for reviews see, [103, 104]. In agreement with that literature, in our study, children
who report worse sleep both have worse grades and receive less favorable attention and behav-
ior ratings from their teachers. A relationship between higher levels of media multitasking and
worse sleep has already been reported several times, both in children [52] and adolescents [51,
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53], with some researchers suggesting that sleep is more strongly associated with media multi-
tasking than with total time on media [53]—this is also the case here, as we observe no rela-
tionship between total time on media and sleep.

Contrary to the analysis on media multitasking, both partial correlation analyses on hours
of video gaming (controlling for age, gender, total time of media consumed and media multi-
tasking index) and the psychological network analyses revealed no significant adverse associa-
tions. More specifically, we observed no significant partial correlation involving video gaming
and socioemotional functioning, attention and behavioral issues as rated by teachers and
parents, sleep, mind-wandering, grit, growth mindset, grades and either impulsivity and inat-
tention in cognitive tests. Rather, we found positive relationships between time spent playing
video games and both faster response speed in our attentional control tests, and reduced levels
of psychological distress; indicating that playing video games might have a positive impact on
specific measures of cognitive control and mental health. The psychological network analysis
(which included only a subset of the variables listed above) depicted a similar pattern of results,
showing that more time spent on video games is associated with increased response speed in
attention tests, in addition to being a male and spending more time on media overall.

When considering video game play in general, our results are partially in agreement with
the literature which so far has yielded mixed results. Pujol et al. [69] for instance, tested over
two thousand 7- to 11- year old children using a somewhat similar protocol to ours: children
completed cognitive tests (of attention and working memory) and their parents and teachers
filled out questionnaires about children’s video gaming habits, their socioemotional function-
ing (using the Strength and Difficulties Questionnaire), their sleep and overall school achieve-
ment. In agreement with our results, their study shows that playing video games was linked
with increased response speed without however affecting overall performance on the cognitive
tests. Contrary to our results however, they observed a link between video gaming and sleep
(more time on video games was linked to sleeping fewer hours). It remains unclear in the
Pujol dataset, whether this relationship may be related to video gaming per se or to other asso-
ciated variables like media multitasking.

In our study we found no direct relationship between time spent on video games and
grades. Both the evidence and the opinions in the literature on how video gaming relates to
academic performance are somewhat mixed. Some data on children and adolescents is com-
patible with video gaming being associated with greater school achievement [69, 71], while
other suggests either no relationship or a small/moderate negative relationship for those chil-
dren who play video games before going to school 7, 73, 75]. These mixed results are paral-
leled by different opinions on what relationship to expect. On the one hand, researchers have
argued that some kinds of video games improve cognitive abilities which are thought to be cru-
cial for academic performance [105]; on the other, researchers expect video gaming to nega-
tively impact academic performance by either taking away time from other activities,
impairing sleep or the ability to concentrate in a slow paced school environment [e.g., 75, 106].
The present data do not support the view that video gaming impairs academic achievement as
we find no direct relationship between video gaming and grades as well as no direct relation-
ship between video gaming and sleep (we do however see the well-known link between better
sleep quality and better grades). Gaming might affect educational performance by improving
cognition, albeit indirectly, given the link between video gaming and cognition (increased
speed) and the link between cognition and grades (lower impulsivity and inattention are
linked to better grades).

While our study does not resolve the many inconsistencies in the field of media and their
impact on cognitive functioning, mental health, and school related variables, it clearly high-
lights a few major points. First, it is absolutely necessary to take into account not only total
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time on media, but also other, more specific measures of media consumption. Here we consid-
ered media multitasking and video game playing (in addition to total media time); it seems
highly valuable for future studies to include social media, internet browsing or TV/video
watching to cite a few. From this point of view, media multitasking questionnaires could be
further exploited to document these different forms of media consumption. Second, in the
case of video games, the specific types of games that are played (e.g., action-like versus non-
action), how and when they are played (e.g., before or after school; in the morning versus even-
ing) appear to be important factors to consider. As different video games have been shown to
differently affect cognition, considering their impact separately may help explain some of the
discrepancies in the literature [4, 68]. Third, while most empirical research focused on pairwise
relationships (e.g., between playing video games and grades), researchers do in fact have
implicit or explicit hypotheses of how specifically these variables relate (e.g., gaming improves
educational attainment by improving attentional control)—the psychological network analysis
presented in this study emerges as a powerful complementary tool to evaluate the plausibility
of these hypotheses along with pairwise correlation.

Psychological network analysis as a promising tool to study media effects
on humans

The psychological network analysis applied on this data set confirmed several well-known
results (unrelated to media use), further underlining the value of the approach. For instance,
age was associated with increased attentional control abilities [increased response speed,
reduced impulsivity and reduced inattention; [107]]. Factoring out age, increased response
speed was associated with greater impulsivity and greater inattention (as measured by more
frequent false alarms and misses, respectively); this pattern of results reflects the well-known
speed-accuracy tradeoff phenomenon. We also observed the expected relationships between
academic grades and children’s behavioral and attentional problems as rated by their teachers.
Inattention, impulsivity, worse teacher rated attentional/behavioral problems and reduced
sleep quality were unsurprisingly also directly associated with lower grades [108]. Worse
teacher rated attentional/behavioral problems were in turn associated with inattention, lower
sleep quality and being male [e.g., 109]. Psychological network analysis therefore appears to be
a very powerful tool to shed light on the relationships between multiple variables. It seems par-
ticularly well-suited to study the relationships between media consumption, attentional/behav-
ioral control, mental health and academic achievement because many of these variables
correlate with each other and their causal relationships remain largely unresolved. Applying
psychological network analyses on a larger set of variables might provide a means to untangle
some of the past results.

Limitations of the present study

We recognize this study has several important limitations. First, all the data reported here are
correlational and as such provide no unequivocal indication about the causal relationships
between any of the variables of interest. In particular, our study highlights that different types
of media use are far from independent, calling for care when separating out direct relations.
For example, media multitasking has been repeatedly associated with a greater tendency to
mind-wander [37, but see 38] and we did observe such a relationship as well in simple pairwise
correlations (pairwise Spearman correlations: r = 0.31, p = 0.012). Yet, we also observed a cor-
relation between mind-wandering and total hours of consumed media (r = 0.31, p = 0.009)
which itself correlates with media multitasking (for completeness, note that hours of video
gaming does not correlate with mind-wandering; r = 0.16, p = 0.186). Such a pattern of results
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highlights the fact that it may be problematic to attribute the variations in mind-wandering to
media multitasking rather than to total hours of consumed media. Causal studies would cer-
tainly be highly valuable but may not be ethical given some of the negative impacts reported
here and in the broader literature.

Second, given the number of tests and surveys used in the present study, it would have been
desirable to include data from a larger population. For instance, while we have a nested struc-
ture for analysis (individual children are grouped in classes), we do not have the necessary size
to perform such an analysis robustly. Third, while research has repeatedly indicated that the
effects of video games on cognition depend largely on the video game genre [59-61, 63, 64],
we did not have sample sizes large enough to substantiate any claims regarding genre-specific
effects. The modest or absent effects observed in the present study might turn out very differ-
ently if video gaming activity is considered with greater minutiae (e.g., action, social, puzzle).
Fourth, although this study included numerous measures it is likely that important measures
were missed and deserve to be investigated in future studies. For instance, social media use is
not expected to have the same attentional/behavioral or mental health impact as playing video
games [110-112]. Finally, many of the measures collected in this study are self-reports and as
such are subject to biases. It is well known, for instance, that self-reported media use question-
naires do not fully reflect real usage [e.g., 113-115]. Objective measures of media consump-
tion, such as event-sampling or usage monitoring, would be preferable [116].

Future perspectives

Understanding how digital technologies impact our lives is extremely challenging because of
the richness and ever changing landscape of digital media. Indeed, there are many ways the
same technology may be used, multitude of facets in our daily lives that technologies may
impact (e.g., mental health, cognition, well-being to name a few) and numerous routes through
which these variables may interact with each other. Getting a better grasp of the effects of tech-
nology use will require new approaches including the development of benchmark tools both in
terms of use measurement and impact, and the collection of larger datasets most likely within
multi-laboratories initiatives. An important step towards that goal will involve clarifying con-
cepts and building frameworks to characterize both technology use as well as psychological
constructs of interest-an exemplary case in this context is the work conducted by Meier and
Reineck [9] who proposed a hierarchy of six levels of analysis to structure research in this field:
device (e.g., tablet versus laptop), type of application (e.g., email versus video), branded appli-
cation (e.g., Facebook versus Instagram), feature (e.g., messenger versus chat), interaction

(e.g., synchronous versus asynchronous) and message (e.g., text versus voice). It is encouraging
to see that coming from a rather different, cognitive perspective, [11] have converged on a
rather similar and complementary set of analysis levels, highlighting in addition the impor-
tance of content (e.g., social simulation game versus war-based games), context of use (e.g.,
single media versus multitasking; alone or in a social context), and user characteristics (e.g.,
children versus adults; typically developing versus with learning disabilities). Such frameworks
and taxonomies will be useful for building unifying theories, making sense of the puzzle pieces
collected so far but also to guide research in a more systematic way.

Conclusion

This study shows that different aspects of media consumption have different relationships
with attentional/behavioral outcomes, mental health and school relevant variables, and thus
highlights the importance of using more granular assessments than just total media time.
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It is not uncommon to read that time in front of screens should be limited. The present
paper indicates that such aggregate measures of media consumption are not sufficient and
documents that the type of media used as well as how they are consumed both matter. In this
study, we are able to highlight such differences through multiple related, but distinct, media
use measures, and by using partial correlations and psychological networks. These analyses
reveal that media multitasking more than video gaming and total time on media was associ-
ated with adverse psychological outcomes and that media multitasking should therefore be
considered more intensively in future studies.

Finally, the complexity of measuring media consumption calls for a paradigm shift that
integrates real-life usage sampling, event sampling along with self-reports. Given the rapidly
changing landscape of digital media and the complexity of the topic it would seem beneficial
for the field to coordinate multi-lab studies and to systematically share data and methods on
best practice to representatively and usefully sample media consumption.

Supporting information

S1 File. Supplementary materials. This file contains additional information about the meth-
ods and dataset as well as supplementary analyses.
(PDF)
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