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Abstract
Online Social Networking Sites (SNSs) are immengelyular, especially among adolescents.
Activity on these sites leaves digital footprintgyich may be used to study online behavioral
correlates of adolescent psychological distress@anatimately, improve detection and
intervention efforts. In the present work, we exelthe digital footprints of adolescent depression,
social rejection, and victimization of bullying é@acebook. Two consecutive studies were
conducted among Israeli adolesceis=(86 and\ = 162). We collected a range of Facebook
activity features, as well as self-report measurémef depression, social rejection, and
victimization of bullying. Findings from Study 1 a@nstrate that explicit distress references in
Facebook postings (e.g., "Life sucks, | want td)dieedict depression among adolescents, but
that such explicit distress references are rar8tuidy 2, we applied a bottom-up research
methodology along with the previous top-down, tlyedniven approach. Study 2 demonstrates
that less explicit features of Facebook behaviedjat social rejection and victimization of
bullying. These features include 'posts by oth&is&ck-ins', ‘gothic and dark content’, ‘other
people in pictures', and ‘positive attitudes towarthers'. The potential, promises and limitations
of using digital Facebook footprints for the detactof adolescent psychological distress are

discussed.

Keywords: adolescents, digital footprints, depm@sssocial rejection, bullying, social networking

sites
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Online social networking technology have becomerdral arena for adolescent social life
today (Lenhart, Purcell, Smith, & Zickur, 2010; t&&a, 2017). Adolescents around the world use
social network sites (SNSsjot only for establishing and maintaining frienigish but also for
self-presentation purposes, for frustration vengéind for emotional self-disclosure (Author, 2017;
Hew & Cheung, 2012; Manago, Taylor, & Greenfiel@12). While interacting with and on these
sites, users leave digital footprints, a set afdedle digital activities (Lambiotte & Kosinski,
2014). Recognizing these trends, social workeysuth-at-risk centers, as well as school teachers
and counselors have leveraged these tools andigs&bonline connections with adolescents
under their care (Authors, 2015; Authors, 2017alltws them to monitor adolescents' emotional
states and to detect signs of psychological distiresn their online SNS behavior.

In spite of these spontaneous practitioner initesj however, little is known about the extent
and the ways in which psychological distress igesged in, and can therefore be deduced from,
adolescents’ logged SNS activities. How valid arfdrmative are explicit online expressions of
emotional distress in SNSs? What types of dis@mes&xpected to be found online? Finally, is it
possible to detect adolescents' distress fromrpattd online behavior when users chonetto
explicitly express their emotional state in possifg

Recent research on adulers has shown that the digital footprints frosirtBNS activities
can be used to infer personal information, sudih@is age, gender, certain personality traits {(e.qg.
Kosinski, Stillwell, & Graepel, 2013; Lambiotte &adsinski, 2014; Schwartz et al., 2013), and
even certain mental health conditions, such asedspn and anxiety (Csepeli & Nagyfi, 2017;
Park et al., 2014; Reece et al., 2016). In theecinwvork, we extend existing research in this

emerging field by focusing on adolescents. The ésgjnates of peer bullying (Wang, lannotti, &

' Online social networking sites are computer-basatforms such as Facebook, Twitter, or Instagratich allow
users to present themselves, upload and sharentoatel establish or maintain connections with stli@bar &
Wildman, 2015).
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Nansel, 2009) and suicide attempts are documemed@adolescents and young adults (Varnik,
2012). Moreover, parents or other caregivers aenafot aware of their children's suffering (Rey
& Bird, 1991; Velting et al., 1998). Knowledge albdioe digital footprints of adolescent distress
will inform theory and may be used to support mehéalth professionals, teachers and youth
counselors in ongoing detection and preventionreffdVe focus our search on two types of
digital footprints: direct, explicit distress reégzces in SNS postings and additional features of
SNS activity that do not include explicit refereade distress experiences. We review existing
research on these two types of digital footprie{sasately next.
Explicit distressreferences

In explicit references to distress, SNS users tirand explicitly write about their personal
experiences of distress or the symptoms of theimtah@ealth condition (e.g., "'Life sucks, | want
to die®"). Several studies have shown that subsets of{@$8ngs indeed include explicit, direct
references to distress experiences, in particaldepression (e.g., Cavazos-Rehg et al., 2017;
Moreno et al., 2011; Saleem et al., 2012). For gtanMoreno et al. (2011) developed a coding
method to identify explicit references to depressiased on the list of symptoms specified in the
Diagnostic and Statistical Manual of Mental Disasgd@®SM). These symptoms include, among
others, depressed mood, diminished interest ospteaand suicide thoughts (American
Psychiatric, 2013). In addition to these classib&M-defined symptoms depressed individuals
have also been found to endorse maladaptive balifat themselves (Beck, 1974) and ruminate
about their negative experiences (Nolen-HoeksemscdV& Lyubomirsky, 2008). Authors
(2017) found explicit depression references amalujescents Facebook postings: Depressive
posts included more references to DSM-based depeesgmptoms, included more cognitive

distortions, and revealed more negative attitudesitds the social "other" (Authors, 2017).
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Several explanations have been suggested for vdiyidials explicitly express their personal
distress on SNSs. Compared to face-to-face settusgss may feel more comfortable to share
their personal depressive feelings on online ¢{@dsistofides, Muise, & Desmarais, 2009).
SNS-based communication provides a sense of cqmtithl privacy options to limit access to
one's profile), alongside a sense of belongingéxific networks of friends (Holleran, 2010;
Pickett, Gardner, & Knowles, 2004). With the acpablic, online emotional sharing, adolescents
reach broad audiences and increase the frequerstyppbrtive feedback from their online friends
and contacts (Bazarova, Choi, Schwanda Sosik, Zc&lgvhitlock, 2015). Their friends' replies
(i.e., verbal comments, likes, or emoijis) can sigi@ntion, co-presence, and partaking in their
emotional experiences (Sosik & Bazarova, 2014)ctvimay contribute to their overall well-being
(Burke & Kraut, 2016).

Despite these recent advances in research on ahditiess sharing, however, thaidity of
online SNS references to psychological distresarely addressed. Most existing studies only
consider distress references without further cuadislating these with external criteria (i.e.,
validated diagnostic tools), whereas in othersdadéd mental health screening tools as associated
with self-report questionnaires on SNS activitiestead of examining actual online postings).

To date, only few studies have empirically explatezlvalidity of (adults’) explicit SNS-based
distress references using external diagnostic tddseno and colleagues (2012) found a trend
approaching significance, whereby explicit, Facdbbased references to depressive symptoms
were associated with self-reported symptoms ofekspon, using validated screening tools.
Holleran (2010) also reported that depression eaaskessed with a moderate degree of accuracy
from a person's online postings on Facebook andoltys These first findings on depression in

adult populations support the notion that a pessexplicit references in social media postings can
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provide valuable information about his/her mentdlth condition.

The overall goal of the current research is tormeitee whether and how features of
adolescents' online social network activities carused as a basis for detecting their personal
distress. In Study 1, we extend the line of regearcthe predictive validity of explicit distress
references in two ways: First, we focus on adolesceather than on adults. Second, in addition to
depression, we include two additional types ofrd&s, which are of a mopsychosociahature
(i.e., distress that relates to, or results fromiadaelationships). With the transition from
childhood to adolescence, teenagers begin to apenel time with their peers, without adults’
supervision. Their social relationships grow masenplex and their social status and prestige
become particularly dominant in their life expedes (Brown & Larson, 2009). Unfortunately, a
subset will experience social rejection or becomgnas of bullying. More than half of all
adolescents report that they have been bulliedallgrbr socially (Wang et al., 2009). Early
detection of psychosocial distress is crucial beedow socio-metric status has been consistently
linked to adjustment difficulties (Brown & Larso®009). Adolescents who suffer from social
rejection or peer bullying are at risk to develepere psychological distress, experience low
self-esteem and depression (McDougall, Hymel, ¥adburt, & Mercer, 2001) and, in extreme
cases, may even attempt suicide (Kim & Leventh208). For these reasons, we not only focus on
depression, but also include measures of two tgpadolescenpsychosociatlistress: social
rejection and victimization of bullying.

Non-explicit footprints of psychological distresson SNS activity

Whereas experiences of personal distress may bieidy@nd intentionally communicated in

SNS postings, it may also leave non-explicit footjgron a person’s online social network

activities (Lambiotte & Kosinski, 2014). In otheowds, emotional distress may “leak through”
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unintentionally, in seemingly unrelated online bebeal features. These features may include
social interaction markers (e.g., number of friemisnber of 'likes' received to posts, number of
posts received on one’s timeline), personal interasd self-representational choices (e.g., types
of pages and groups that appear on one's persai#d) and level of engagement in social
networks (e.g., number and types of postings).

Interestingly, early studies from the pre-SNS exeehalready shown how bottom-up, data
mining techniques may be useful for such exploratid-or example, essays of students, which
were subjected to computerized text analysis progevealed that depression is associated with
non-clinical written expressions, such as exceassage of first person pronouns in essay writing
(Rude, Gortner, & Pennebaker, 2004). Similarly,rogaism was found to be predicted by a
higher rate of first person pronouns usage in dhdyy writing (Pennebaker & King, 1999). More
recent research has shown that personality traitse predicted by social network activity
features (Lambiotte & Kosinski, 2014). For exam@ehwartz et al. (2013) found that
introversion and extroversion leave different argdidctive digital footprints on Facebook.
Finally, a recent examination of 12 million SNS fies has showed that SNS behaviors that
indicate offline social interactions (e.g., postpigptos from offline social events), as well as
accepting online friendships requests are assdcvaté reduced mortality rates (Hobbs, Burke,
Christakis, & Fowler, 2016).

Using a designated Facebook application to recogbing depressive symptoms of 55 adult
Facebook users, it was found that depressive sympéwe correlated with number of friends and
location tags (Park, Lee, Kwak, Cha, & Jeong, 2008her digital footprints such as first person
pronouns, negative affect, and increased nightsiatigity were found to be predictive of the onset

of depression disorder among adult Twitter useres @oudhury, Gamon, Counts, & Horvitz,
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2013). Taken together, these findings about nofi@kfootprints of depression and personality
traits form the basis for Study 2. In Study 2, waraine whether psychological distress may be
detected, not only by explicit distress referenbes,also by additional, non-explicit features of
adolescents' SNS activity.

Whereas Study 1 applies a top-down, theory-driesearch approach, Study 2 combines both
top-down and bottom-up, exploratory research methddp-down and bottom-up are different,
yet complementary research approaches in the smalces. In top-down approaches,
researchers apply deductive reasoning from thergktieory on a given topic (e.g., depression)
to its more specific sub-components. This methalpsimary research method in confirmatory
data analyses aimed to prove or refute a givenryh&ased on this method, the search for online
signs of depression should be limited to the thszak clinical picture of the disorder (e.g.,
explicit manifestations of depressive symptoms}thibottom-up approach, researchers apply
inductive reasoning, from specific observationtatger patterns. This method, which is not
confined to an a priori theory, is a common appindadn exploratory research. In Study 2, we
therefore search for SNS-based non-explicit fontprof adolescent distress, tlgpriori do not
seem directly related to the clinical picture aphgtoms of the various types of psychological
distress.

In addition to its focus on adolescent users aedriclusion of two types of psychosocial
distress (i.e., social rejection and victimizaticBjudy 2 extends the existing line of research on
non-explicit digital footprints as follows: We exara Facebook activity rather than public
Twitter posts, which is the focus of most existimgrk in this field (e.g., Coppersmith, Dredze,
Harman, Hollingshead, & Mitchell, 2015; Reece et2016; Tsugawa et al., 2015). Non-explicit,

digital footprints of psychosocial distress maynb@re dominant on Facebook than on Twitter.



The Digital Footprints of Adolescent Distress 9

Twitter usage is usually driven by interests in-téae news and by the need to be updated on
"hot" topics, people, and conversations (Harg#taiitt, 2011), whereas Facebook usage is
focused on social interaction and relationshipsifH2011). Facebook users tend to form online
connections with people they know from their olianvironments and thereby increase their
"bonding social capital”, strong relationships thadvide emotional kinship and social support
(Phua, Jin, & Kim, 2017). Twitter usage, in conty&sis been linked to increased "bridging social
capital", more weak and distant relationships (Rétue., 2017). Because social relationships are
intertwined in individuals' mental health, we expnat Facebook activities would serve as a
natural source for digital footprints of psycholcgi distress.
The current work and hypotheses

Relying on both theory-driven and exploratory reskeanethods, we present two consecutive
studies that examine the relation between adolésaamine SNS behaviors on Facebook and
external, traditional validators of emotional dests. The first study focuses on direct, explicit
distress references in adolescent SNS postings"(ifeel depressed™). Based on previous
research that has examined the validity of expleferences to depression among young adults
(Holleran, 2010; Moreno et al., 2012), we hypotheshat explicit references to distress in
Facebook postings, and specifically to depressmgptoms, will predict self-reported depression
among adolescents (hypothesis #1). In study 2,deptaan open, exploratory search for
non-explicit Facebook behavior features that digtish between adolescents that do and do not
suffer from emotional distress. Based on findingsfresearch on adult users of social media, it is
expected that emotional distress would leave disdse digital footprints in adolescents'
Facebook activities (hypothesis #2nally, in light of the fact that Facebook serassa platform

for social interactions for many adolescents, wedtlyesize that two types psychosocial
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distress, namely social rejection and victimizatdmullying, will be correlated with, and
expressed in, features of teenagers' Facebooktadgtiypothesis #3).
Study 1

The main goal of Study 1 is to examine the predéctialidity ofexplicitreferences to personal
distress in adolescents' Facebook postings. Irr dodacrease the frequency of encountering
self-reported, actual distress, we did not limdregtment of participants from the general
adolescent population only, but also specificadigruited participants from youth-at-risk
associations. In this study, the occurrence ofieitpeferences to personal distress on Facebook
was compared with external, well-established, ssfrt measures of psychological distress (i.e.,
depression, social rejection, and victimizatiorbollying).
Method

Participants and procedure. The procedure was approved by the Chief Scientiffitse at
the [BLINDED] Ministry of Education (protocol numb#8335) and by the Ethical Committee for
the Use of Human Subjects in Research of the Safdéducation at the [BLINDED] University.
Participation criteria included age (between 13 B8] language (Hebrew speakers), and having a
Facebook profile. Recruitment was conducted inrmfid education settings, such as in local,
popular youth movements, and other after-schooliies. Youth leaders, counsellors and
educators were contacted to recruit participantiscamduct the data collection on their facilities.

Adolescents received information about the gergwal and importance of the study and were
informed in detail about the study's procedurduitiog the request to download data from their
personal Facebook activity log. The adolescente wesvided with parental consent forms, which
were attached to written descriptions of the staahy were informed of the reward for

participation (i.e., a pizza raffle). A total of 1@dolescents achieved their parents' consent and
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agreed to participate in the study. Eight partictpadropped out without completing the
self-report questionnaires and seven participaete wmitted from the final sample because they
did not meet the language criterion. Altogethee, uttimate sample used for analyses in Study 1
consisted of 8§51.2% girls) Hebrew speaking adolescents, agdd 18yrs (M = 15.98,SD=

1.3). Close to forty percent of the sampie<34) were recruited from after-school programs
organized by youth-at-risk organization.

Participants were instructed to find a quiet arndgte spot where they could read the
instructions, sign the consent form and take ttiie to honestly complete three self-report
measures of distress: social rejection, victimaatf bullying, and depression. Subsequently,
participants downloaded the last three monthsaf ffersonal Facebook account's "activity log".
The activity log is a feature of Facebook thatwlaisers to review their own postings and actions,
as well as the posting that others have postetd@padrticipant's Facebook "wall". Specifically,
participants were asked to download three secfions this activity log: (1) "Your posts', which
include Facebook posts that were created (‘Owneat€d') or shared (‘Owner-Shared') by the
user, (2) 'Posts by others', which include posdaswrere created by other people but had a
reference to the participant (‘'Other-Tagged') at #ere attached to the participant's own timeline
(‘Other-Created'), and (3) a screen shot of thetklpage (i.e., a Facebook page that allows users
to share basic personal details about themselwvesding hobbies, movies, and music
preferences). The About section also shows thénataber of Facebook friends of the user.
Technical assistance was provided when neededddthevas transferred with a flash drive to a
secured computer that was authorized for use bgutiers and a research assistant only.

Instruments and content analysis. Three self-report measures of distress were uskdtn

studies: Depression was measured using the wealblested Beck depression inventory-Il (Beck,
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Steer, Ball, & Ranieri, 1996). Social rejection wasasured with four items from the social
problems sub-scale of the widely used Youth SeffdReprotocol (YSR; Achenbach 1991).
Finally, victimization of bullying was measured ngisix items drawn from the Peer Relations
Questionnaire (PRQ), a well-validated 33 itemses¢Rigby, 1998). All self-report scales
demonstrated good internal consistency acrossdtotiies Cronbach'sx of depression, social
rejection, and victimization ranged from .90-.917-.85, and .85-.86, respectively). A detailed
description for each scale is offered in the supgeletary material.

Content analysis. Each Facebook profile was evaluated whether itasoatl (one or more)
explicit references to distress. The content aofreiposts published by fifteen (out of 86) differe
Facebook users was rated by two trained, indepenagges, the first author and a research
assistantN| = 142 posts in total), who were blind to the maptnts' self-report measure outcomes.
Interrater reliability was satisfactory € .73,Fisher's Exact Test 14.74p = .01). Specifically,
only one profile was coded differently between jtidges, with two versus three explicit
references to personal distress. After the ratfradl @6 profiles, all posts that were marked as
containing explicit references to personal dist(@ésposts altogether), were subjected to further
classification byoothjudges. The two judges classified the type ofrdgst in each post upon three
nominal variables: (1) posts with references toréegive symptoms, (2) posts with references to
psychosociatlistress, and (3) posts with undefined or othpe tyf distress. Inter-rater reliability
was high for the primary type of distregs<.86) as well as for the secondary type of déstfe=
.91). Three disagreements (two primary, and onerskry, type of distress) were discussed
among the judges until a final score was decidedtiiier description of the content analysis is
offered in a supplementary material).

Results
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Self-report measures of distress. Descriptive statistics and zero order correlatiothe
self-reported measures are presented in Tablerisi§ient with the literature on adolescents'
distress, positive correlations were found betwsaial rejection, victimization of bullying, and
depression. The averagemscoré of the BDI was 10.233D = 8.9).

Explicit referencesto personal distress. Altogether, the 86 participants published a tofal o
1,168 posts on their timeline in the three montisrpo the date of data collection. Of these, 26
posts contained explicit references to person#iadis. The 26 distress posts were published by 10
different individuals (12% from the total sampli,ee individuals from the mainstream sample
(5.7%) and sevemdividuals from the youth-at-risk sample (20.69)15 cases (58% of the
explicit postings) the primary distress referergated to depression, nine (35%) to psychosocial
distress, and two (8%) referred to undefined désts. Seven posts (26.9%) included a secondary
type of distress: four (15%) references to depvessymptoms and three (12%) references to
psychosocial distress.

Explicit references to personal distress and depressive symptoms. An independent-samples
t-test was conducted to compare depression saar@sidlescents with\= 10) and without
explicit references to any type of distrells{ 76). Levene's test for equality did not allowmas
assume equality of variances between the two gr(fupsl2.31p = .001). The results of the t-test
comparison (equal variances not assumed) demaegimagignificant difference in BDI scores
between users that published posts with explié@remces to personal distreds £ 19.60,SD=
14.69,N = 10) and users that did n& € 9.00,SD=7.19,N = 76),t = 2.25p = .050. A calculation

of the standardized differences between the twansgalicated a large effect siZéghen's d=

? The averagsumscore of the BDI appears in addition to the meamesfrom Table 1 in light of the conventional
standardized norms and cut-off points of depressémmes that are usually considered in their sworesc
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.92). These results lend support to fiat hypothesis that explicit references to distregaym
higher levels of depression among adolescents.

In light of our general dichotomous goal to usedbaok as a detection tool that determines
whether or not the adolescent suffer from depregsie., a 'yes or no' question), we continued and
examined the predictive value of posts with explieferences, specifically to depressive
symptoms, using a non-parametric, Chi-square Aegichotomous variable was created to
differentiate between depressed and non-depressadipants. The standard cut-off score for
mild depression is 14. However, we used a cutadfes of 13 because two items from the original
BDI scale (sexual and suicidal behaviors) were taiiin the current study and the adjusted
cut-off score was re-calculated to 12.667. Basetthisrcut-off score, 25 participants (29.1%) were
found to experience at least mild depression. A<ghniare test of independence demonstrated a
significant differencey’ (1, 86) = 9.19p = .002. Remarkably, seven out of ten (70%) paudicts
who published posts with explicit references tordepive symptoms experienced at least mild
depression, whereas 18 out of 76 (24%) participahts did not publish depressive posts fell in
that same category. This finding is specificallfprmative because it suggests that explicit
references to depression significantly increasetiamces that the adolescent is indeed suffering
from depression (hypothesis #1).

Explicit referencesto distress and social rejection. A t-test was conducted to compare social
rejection scores for adolescents with and withaptieit references to any type of distress.
Levene's test for equality was significat< 9.80,p = .002). The difference in social rejection
scores for students who expressed distidss 2.15,SD= 1.21,N = 10) and those who did nd#(
=1.70,SD=.69,N = 76) was not significant,= -1.14,p = .280 (equal variances not assumed). A

Chi square test of independence, using a dichotematable for social rejection based on the
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upper quartile of the scale (2.25), did not demm@astsignificant differences in social rejection,
with and without explicit posts of psychosocialtéss (1, 86) = .14p = .705.

Explicit referencesto distress and victimization of bullying. A t-test was conducted to
compare victimization scores for adolescents wiith &ithout explicit references to distress.
Levene's test for equality was significahtX 24.51,p < .001). The test did not demonstrate a
significant difference in victimization scores fadolescent with explicit references to distréds (
=1.95,SD= 1.06,N = 10) and without references to distrdgls{1.45,SD=.40,N = 76),t =
-1.48,p = .171 (equal variances not assumed). The follgudhi square test, which used a
dichotomous variable of victimization based onupeer quartile of the scale (1.67), did not
demonstrate significant differences in victimizatiof bullying with and without references to
psychosocial distresg’ (1, 86) = .92p = .336. Thus, it cannot be concluded that explicit
manifestations of any type of distress or psychiasalstress are significantly linked to
experiences of social rejection or victimizatiorbodlying.

Discussion

The main goal of Study 1 was to examine the pradictalidity of explicitonline references to
personal distress. The results of Study 1 confirowedirst hypothesis that explicit references to
distress predict higher levels of depression anamtgdescents. Most of the documented explicit
references to distress were to depressive sympesfs of the distressed posts) and, remarkably,
seven out of the ten (70%) participants who publisposts with explicit references to depressive
symptoms experienced at least mild depression.eTtedings extend previous research that
examined the validity of explicit references to aegsion (Holleran, 2010; Moreno et al., 2012) to

include younger SNS users (i.e., adolescents r#taaradult).
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Nevertheless, even though the findings in Studgdwed that explicit references to personal
distress in Facebook postings are predictive dfreplorted symptoms of depression, distress
references could not predjgsychosociatlistress (i.e., social rejection and victimizatan
bullying). Moreover, even the most frequent expliistress references (to depression) are rare:
Only 2% of adolescent postings collected contamaalicit references to personal distress. In
addition, only 12% of the number of adolescentdgmb&acebook status updates that included
explicit depression references. Vice versa, mogt@fFacebook timelines of the adolescents who,
according to the self-report measures, were suafférom depressive symptoms (18 out of 25),
did not include explicit reference to any type efgpnal distress. This false negative identificatio
error, whereby the test (explicit distress refeesna Facebook postings) failed to detect a
depressive individual, requires further researel éxamines whether additional, less explicit
Facebook activity features, may serve as onlineatdrs for distress.

Study 2

The first goal of Study 2 is to replicate Studyridfngs in a new and larger sample of Israeli
adolescents. The second goal is to broaden the sfdfacebook activity features that could
potentially add to the prediction of psychologidatress. As documented in recent research, both
general measures of psychological well-being (B&k&aut, 2016) as well as specific ones, such
as depression (De Choudhury et al., 2013) havefoeed to leave digital footprints on a person’s
social network activity. We therefore complemer tbp-down search for explicit distress
references with a bottom-up search for Facebookigcteatures that are not rooted in traditional
clinical assessment tools and definitions.

M ethod
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Participants and procedure. A few modifications were made to the data collattio
procedure, which both facilitated the data coltatiiself and expanded the scope of data collected
(e.g., by including 'Likes', 'Groups', and otheople's reactions to the user postings). All changes
are provided in the supplementary material. A totdl62 adolescents (51.3% girls) participated in
Study 2. The collected Facebook data includedAheut' section (i.e., basic personal details and
hobbies as well as number of Facebook friends)lamdisers' 'Timeline' activity. Timelines
included Facebook posts, created ('Owner-Createdshared (‘Owner-Shared’) by the user, as
well as posts that included a reference to the (Séners-Tagged') or that were attached to the
user Timeline' ('Others-Created'). The Facebod& neluded both quantitative data and
qualitative verbal content. A quantification proged the verbal content (Chi, 1997) was applied:
First, all the collected data was carefully reagksal times to identify recurrent themes.
Following, a coding scheme was developed, whilentpkto consideration previous work that
yielded non-trivial categories that may serve as-explicit digital footprints of distress (Authors,
2017).

The About section. The content analysis process yielded six distinotent categories: (a)

Fun & news, (b) Commercials, (c) Belonging, (d) %4 & involvement, (e) Gothic & dark, and
(f) Extreme & offensive. The research coders whentinstructed to judge which category is best
suited to a given item from this section. We cated the frequencies of each content category in
order to construct the idiosyncratic compound @heane of the collected About sections. For
example, the About section of a particular teenaggy consist of 70% 'Fun and news' and 30%
'‘Commercial content'.

Timeline section. Thequantitativedata from the 'Timeline' section included the aller

number of posts on a participant's timeline duthrge months of activity, as well as the
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proportions of each type of post: 'Owner-Creat@iyner-Shared'’, 'Other-Tagged', and
'Other-Created'. Each participant was also giveta score for the number of posts that appear
on his/her timeline because of actions undertalasther people ("Others-Total"), that is: the sum
of "Other-Tagged" and "Other-Created". The relafreguency of "Others-Total" out of the
overall number of posts on one's timeline refléioespivot point between the user own postings
and the postings published by others. We havecakwollated the total number of Likes and
Comments a teenager received for his/her own Timaglostings (i.e., 'Owner-Created' or
'‘Owner-Shared’) in the last three months.

In addition to these numerical datpalitativefeatures were also extracted from the Timeline
section, by focusing on the content of posts, wiwehe published or shared by the users
(Owner-Created and Owner-Shared). Similar to Stgyosts were first examined for explicit
references to personal distress. Nevertheless,tevegh, self-reported depression rates were
approximately the same as in Study 1 (see Resalib) four participants in this sample showed
explicit references of distress in their Faceboogtings (three of whom also received high
self-reported depression scores). Based on prefilmdings on Facebook postings of distress
(Authors, 2017), we coded the content along siggates: (a) number of first perssimgle
pronouns, (b) number of first persplural pronouns, (¢) number of other people in pictuf@y,
valence of content, (e) attitudes towards otherd,(§ poetic-concrete content. Good interrater
reliability was achieved in all categories, exdeptpoetic-concrete contenivhich was found
more subjective and amorphous. The poetic-drametiiegs were excluded from further analyses.
The complete content analysis procedure is providéide supplementary material along with
detailed descriptions of the scales of measurenasmtsnter-rater reliability statistics for each

coding category.
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Results
Self-report measures of distress. Corresponding with the findings in Study 1 and the
literature on psychological distress, significaotrelations were documented between the three
self-report measures of distress (Table 1). Sind&8tudy 1, the average sweore of the BDI
was 9.81 §D = 8.64). Thirty-one percent of the participanigsared at least mild depression.
Self-reported distress and featur es of the Facebook About section. Table 2 presents zero
order correlations between the different quantieatheasures from the Facebook About section
and the three measures of distress. The total nuofiligheck-Ins (adolescents sharing their
geographic location at a particular moment withebamok contacts) was found to be negatively
correlated with social rejection € -.17,p = .028) as well as with depressior=(-.16,p = .047).
The number of Apps a person is subscribed to wgatively correlated with Depressian< -.16,
p = .047). However, the overall pattern that emefgas the data shows that most of the
guantitative "About" categories and self-reportesirdss measures are not associated (Table 2).
Table 3 presents the zero-order correlations betwek-report distress measures and the six
content categories, which were based on classditabf the types of Likes and Groups in the
Facebook About section. The data in Table 3 shhatsthe frequency of 'Gothic and dark’ content
was positively correlated with social rejectior=(.29,p <.001) and with victimization of bullying
(r =.24,p=.002). The frequency of 'fun and news' was pagit correlated with victimization of
bullying (r = .16,p = .039).
Self-reported distress and featur es of the Facebook Timeline. Zero order correlations
between self-reported distress and the differgregyof timeline posts are presented in Table 4.
Social rejection was found to be negatively cotezlavith the pivot point score of Others-Total,

=-.21,p =.009, specifically with the proportions of OtHeaggedf = -.24,p = .002.
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Table 5 presents correlations between self-repalitacess and the sum scores of Likes,
Comments and the six content categories. Thetotaber of comments or likes a teenager
received for their own posts was not found to lsmeaisted with any of the three self-reported
levels of distress. Social rejection was negatiesigociated with Other people in pictures, the
number of other individuals that appear in theypes posted by the teenager him/hersedf;.21,

p = .012. Interestingly, social rejection was pesily correlated with the combined score of
attitudes towards othens=.18,p = .019.

Similar trends were observed in victimization oflyang: Victimization was also negatively
associated with Other people in pictunes,-.18,p = .033 and the correlation between
victimization and attitudes towards others appredcsignificancer = .14,p = .068.

Victimization of bullying was also positively cotated with the number of first person single
pronouns adolescents used in their Facebook psstirg24,p = .008.

Although the size of the reported correlations s@asll (.17 = < = < .29), taken together, the
results suggest that even though explicit teenafgeances to distress in online Facebook postings
is rare, less explicit features of behavior ondtielescent's personal Facebook space can predict
social rejection and victimization of bullying (hytheses #2 and #3). In contrast, self-reported
depression demonstrated only two (negative) cdrogls, namely with the number of Check in's
and Apps. In the next section, we apply discrimtraaralyses to examine which of the
abovementioned Facebook features may distinguistelea adolescents who suffer from
psychosocial distress from those who do not. Imway we could consolidate, and make sense of,
the online clinical picture of psychosocial distes

Discriminant analysis. A discriminant analysis was performed to examimetier and to

what extent Facebook variables can be used tomisete between adolescents with high levels
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of social rejection (upper quartile, $/8) and adolescents with low levels of social repec
(lower quartile, SK< 4). Five Facebook variables, which were signiftbacorrelated with social
rejection served as predictors of membership irotieeof the two groups of social rejection: (1)
Check-ins, (2) posts by others on Timeline (Othestal), (3) Gothic and dark content themes
from the About section, (4) Other people in pictuf®m the user Timeline postings, and (5)
Attitudes towards others in Timeline postings.

The discriminant analysis transformed the origifatebook variables into one new variable
(i.e., a canonical variable) that combines the $igparate variables, appropriately weighted, into a
single index, which maximally discriminates betwéamn and high social rejection. The overall
test of function was significant, Wilks= .79,y* = 19.31,df = 5, Canonical correlation = .46 =
.002, with 68.2% correct re-classification of onigily grouped cases. These results suggest that
the composite of the five Facebook activity feasusEPosts by others, Check-Ins, Gothic and dark
content, Other people in pictures, and Attitudegaials others can significantly discriminate
between adolescents with high levels of sociakt&a and low levels of social rejection.

A second discriminant analysis was performed torema whether and to what extent
Facebook variables can be used to discriminatedestwdolescents with high levels of
victimization of bullying (upper quartile, Victimaion> 10) and adolescents with low levels of
social rejection (lower quartile, Victimizatiah7). Four Facebook variables significantly
correlated with victimization of bullying and sedvas predictors of membership in one of the two
groups of victimization: (1) Fun and news themesnfithe About section, (2) Gothic and dark
content from the About section, (3) First persomgke usage in Timeline postings, and (4) Other

people in pictures from the Timeline section.
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The overall test of function was significant, Wilks .84,y* = 10.44 df = 4, Canonical
correlation = .40p = .034, with 61.5% correct re-classification afganally grouped cases. These
results suggest that the above four Facebook aésgoay significantly discriminate between
adolescents who suffer from victimization of butigiand those who do not.

Discussion

The main goal of Study 2 was to explore the prédictalue of both explicit distress
references as well as non-explicit, additional Bac& activity features. The results of Study 2
suggest that even though explicit distress refergace rare in teenage online Facebook postings,
some forms of distress (i.e., social rejection atimization) leave less explicit, yet discernable
digital footprints on adolescents' Facebook adisithypotheses #2 and #3).

Discriminant analyses suggested composites of leagefeatures that can serve as indicators
for the existence of social rejection and victintiza of bullying: On the one hand, the online
clinical picture of social rejection seems to refleeal’ social difficulties (i.e., low frequenoy
Others-Total, low number of Other people in picty@nd low number of Check-ins). On the other
hand, adolescent that are socially rejected pubfiste postings of their own (i.e., more
Owner-created and Owner-shared posts, the comptamyeside of ‘Others-Total’) and their
communication behavior expresses positive attittol@ards others. Finally, socially rejected
adolescents endorse distinct online preferencegaritipate in marginal Facebook groups and
pages with Gothic and dark content.

Similar to social rejection, the online pictureamfolescents who are victims of bullying may
reflect the 'offline’ social status of the useg.(ilow number of Other people in pictures) and may
be detected through their interest in Gothic an#t dantent. Moreover, adolescent who

experience acts of bullying were found to be matesa on Facebook (i.e., high number of "Your



The Digital Footprints of Adolescent Distress 23

posts' and high frequency of the primary contetegary 'Fun and news'). Finally, they tend to
publish posts in which they refer to themselvess{fperson single pronouns) more often. Further
theoretical implications and limitations are dissesin the general discussion section.

General discussion

The current research investigated whether and latavldgged and stored on online social
network sites can be used as a tool to detect sahiés’ psychological distress. We conducted two
consecutive studies to address three researchhiegest according to which: (1) online explicit
references to distress is predictive of adolestdefwession; (2) personal distress might appear
indirectly, in other, non-explicit, online behavgpand (3) psychosocial distress can be detected
from Facebook activities. Whereas Study 1 focusedxplicit references to distress, in Study 2
we searched for less explicit signs of distressas In both studies, features of adolescents’
Facebook activity were compared with their selferégd answers to well-established measures of
depression and of psychosocial distress (i.e.aboglection and victimization of bullying). An
integration and discussion of the main findingsrfiooth studies is presented below, separately for
depression and for psychosocial distress.

Depression. A small number of postings in Study 1 containegliek references to personal
distress and mainly to depressive symptoms. Thadei postings were published by 12% of the
sample. The results of Study 1 confirmed hypoth#siand indicated that explicit references to
distress dgredicthigher levels of depression among adolescent<ifgadly, seven out of the
ten (70%) participants who published posts withliekpeferences to depressive symptoms
experienced at least mild depression. Study 2 deated only four participants who published
explicit references to distress, three of whom @ttleeceived high depression scores. Based on

these combined findings, we conclude that exghogtings of referring to depression are rare, but
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when they do appear on adolescents' Facebook ascthey are very informative and
substantively increase the chances that the adwolescindeed experiencing depression. This
finding extends previous research that examineddhdity of explicit references to depression in
adult samples (Holleran, 2010; Moreno et al., 2@d2he adolescent population.

However, our results also qualify previous resedémcivarning against over-reliance on
explicit references to depression. Over-reliancexplicit references may result in false negative
errors in identification (type Il error), wherelhettest (i.e., online explicit references to
depression) fails to detect an existing effect,(depressive symptoms). In both studies, the
majority of depressed adolescents did not pubkgtiat references to any type of personal
distress. In the absence of explicit referencelefwession, adolescent depression may be not so
easy to detect via online activities. The analysesented in Study 2 failed to find any additional
differences in Facebook activity behaviors thatldalistinguish between depressive and
non-depressive adolescents. It is possible thafadure to detect Facebook features that associate
with depression is a result of the relatively smsalinple of adolescents who were depressed at the
time of the study. Moreover, it appears that adm@ats publish significantly less (verbal) content
than adults' users of SNS. The overall number sfipgs of adolescents in three months
documented in Study 2 was 11, of which only foustp@pproximately (39%) contained truly
personal content ('Owner created’). In comparipogvyious research on adult Twitter users
documented close to1,133 Twitter posts in a threeths period on average (De Choudhury et al.,
2013). More research is needed, preferably withelasamples, data sets that include more SNS
activity features and computerized language pracgssechniques to extract significant online

(non-direct) signs for depression from a largero$gtotential Facebook features. Longitudinal
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research is also recommended to trace changedime dracebook activity, which can be
considered a leisure activity, to detect decreagdgeiasure or interest over time.

Psychosocial distress. In contrast to depression, social rejection antnization of bullying
were not significantly associated with explicitaefnces to any type of distress. Interestingly
however, the findings presented in Study 2 revealadmber of less explicit Facebook activity
features that predicted social rejection and viation of bullying. Study 2, which included a
larger sample and a richer data set, lend initippsrt to hypothesis #2 and #3 by demonstrating
how experiences of social rejection and victimaatof bullying may be expressed in subtler and
indirect Facebook behaviors of adolescents. Disnant analyses suggested several Facebook
features that can serve as indicators for theengst of social rejection or victimization of
bullying.

Our findings contribute to the growing body of rass that aims to predict mental health
states from social media. Existing research inrbis field, has predominantly focused on more
defined DSM-based constructs of mental disordexsh s depression (De Choudhury et al.,
2013) or post-traumatic stress disorder (e.g., ®eeal., 2016). To the best of our knowledge, the
current research is the first to show that subkedimegative psychosocial distress (i.e., social
rejection and victimization of bullying) can be deted through (non-explicit) features of SNS
behaviors. These digital footprints of psychosodistress are especially valuable considering the
low frequency of explicit references to any typelstress, which was documented in both studies
and the importance of social relationships in asitdace.

From a more theoretical point of view, the findirigem Study 2 may also advance the
dialogue between two competing theories on thebietikveen internet usage and social status and

skills (Kraut et al., 2002): Thech-get-richermodel posits that extroverted, socially adept
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individuals are more likely to benefit from onlinemmunication, than introverts. They form
valuable online relationships and their "real-liggtial skills are replicated online (Kraut et al.,
2002). Thesocial compensatiomodel argues to the contrary that introverted feofith less
social skills benefit more from Internet communicatbecause they are now granted with an
exceptional opportunity to engage in social inteaas in less threatening environments
(Sivashanker, 2013). The emergence of the intalsetallowed introverts to reveal hidden facets
of their "true self" (Amichai-Hamburger, Wainap&!Fox, 2002; Bargh, McKenna, &
Fitzsimons, 2002; McKenna, Green, & Gleason, 200@)y inner feelings, hidden fantasies, and
"real" identity (Winnicott, 1960). This theoretiadilspute continues to this day and the available
empirical research does not provide conclusiveengd to either hypothesis (Baker & Oswald,
2010; Lee, 2009).

Our findings contribute to this theoretical disaaesand suggest that the relationships
between social status and Internet usage are roarplex than can be explained simply by either
hypothesis. We did not find a simple relationshepwieen social status angerall number of
Facebook postings (as would be predicted by babrétical hypotheses). The relationships that
were found addressed different types of onlineipgst(i.e., 'Your posts' versus 'Others-Total'),
thus corroborating with both theoretical hypothemed perhaps offering a theoretical solution for
this dispute. Even if adolescents who experiencebeejection are more likely to actively use
social media as a less threatening social sulssigatial compensatiohypothesis), as
documented in their tendency to publish more pgstwof their own, and even if they are using
internet communication as an opportunity to revéaddlen facets of their "true self"
(Amichai-Hamburger et al., 2002) by joining mardioaline groups with gothic and dark content,

their efforts of communication do not always beait§. Despite their wishes to use social media
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as a means to develop social relations (as doceti@mthe higher scores of Positive attitudes
towards others), their social difficulties contirared extend into their online relationships, as
predicted by theich-get-richerhypothesis, and they do not manage to attractatialssupport
they may have hoped for. They receive fewer tagsfewer postings by others, their pictures
include fewer friends, and they hesitate to anneuheir physical presence using the Check-in
option.

This integrative perception of these two allegextiynpeting hypotheses is repeated in
victimization of bullying. Victimization showed ansilar pattern to social rejection with fewer
friends in pictures and more ‘likes’ of gothic ashark content. Additionally, victims of bullying
may prefer the SNS sphere, which only includesehiodividuals that they have allowed in. This
is reflected in their excessive usage of Facebatkites (high number of 'Owner-created' and
'‘Owner-shared' postings as well as their high feagy of Likes and Group in the primary content
category of 'Fun and news'). It is also possikée they feel more comfortable to discuss their own
affairs online as is manifested in their increassage of First person single pronouns. In this way,
the current research suggests that the two thearétypotheses do not necessarily exclude each
other. Adolescents who struggle with social situadimay indeed try to compensate for their
underdeveloped social skills with increased usddg&NS, yet at the same time their efforts may
not yield the social benefits they expected.

Limitations and future research

In addition to the above-mentioned contributionshef present work, we would also like to
point out several limitations that have to be tak#o account and should direct future research
efforts. First, the reliance on self-report survegther than on clinical interviews to assess

psychological and psychosocial distress, thougidatdd and well established, limits our ability
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to establish the participants' full mental heatttiss. We made significant efforts to identify
uncompleted questionnaires or negligent respondeut# is possible that some adolescents were
not devoted to the research and chose to be lesghétorward.

Second, even though the present methodology aflomibe establishment of predictions and
associations between variables, it does not allovo wetermine the direction of the relationships
between them. It is commonly assumed that pershsgess is manifested or implicitly reflected
in social media usages, but the present resultsotainle out the opposite, namely that social
media usages create or contribute to personahfgebf distress (e.g., that posting excessively or
engaging in Dark and Gothic online content leadsoal rejection or victimization in the real
world). Third, some of the coding categories ofihaebal content relied on high-inference, human
coding. Though good inter-rater reliabilities welacumented in most categories included in the
final analyses, the coding process is very timesaaring and can address small samples only.
Future studies may leverage automated, unsuperdégadnining and natural language processing
methods to examine larger data sets and to ina@udeger set of Facebook features as potential
predictors of psychological distress.

In conclusion

The take-home message of the research preseneeddrebe concluded as follows: (a)
adolescent postings of explicit distress in Fac&laoe rare; (b) when they do appear, they usually
include references to depressive symptoms andateeyndeed predictive of depression among
adolescents; and (c) psychosocial distress (egative interpersonal experiences of social
rejection and victimization of bullying) leaves $esxplicit, digital footprints that can be discetne
and detected. We contend that these results sbewtden as first illustrations for the new

opportunities generated with the rise of social imeBurther research is required, preferably in
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larger samples and with automated language prowessols to prove the proposed direction of
the research and reveal a more comprehensive @igfurow distress is expressed in online
behavior. Scholars that have already used such uniged tools to predict personal features
such as age, gender, or introversion (Schwartk,e&2G13) are predicting that early screening of
mental health conditions from social media actildtys is right around the corner (Csepeli &
Nagyfi, 2017; Park et al., 2014). The findings preed here show this seems a viable and realistic

expectation, and the next step in this line of aese
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Table 1
Descriptive statistics and zero order correlatiamfshe self-report measures
Pearson correlation wi
M (SD) Social rejection Victimization of bullying
Study 1 N = 86)

Social Rejection 1.75 (.78)

Victimization of bullying 1.51 (.54) H52**

Depression (BDI) .55 (.48) 54x* A0%*
Study 2 N = 162)

Social Rejection 1.59 (.66)

Victimization of bullying 1.56 (.60) Sl

Depression (BDI) .52 (.45) 54x* 48**

Note: ** = Correlation is significant at the 0.0dvkl (2-tailed). * = Correlation is significantthie 0.05 level (2-tailed).

Table 2
Descriptive statistics of the 'About’ section qitatite features and their correlations with Sedported
distress (N = 162)

Pearson correlation wi

Social Victimization .
M (SD) rejection of bullying Depression
Friend: 534.26 (536.9: .05 13 14
Checl-In's 14.09 (16.44 -17 -.123 -16
Sport: 9.93 (25.2¢ -15 .02 -.0¢8
Music 35.44 (93.92 -.02 -.01 -.0€
Movies 12.75 (26.3C .0¢ .02 .01
TV 18.42 (26.3¢ -.01 .07 -.0¢8
Books 2.52 (7.18 11 12 .05
Apps 3.47 (6.78 .04 -.03 -16
Likes 384.89 (558.1¢ -.07 .05 -.0E
Group: 8.08 (29.21 -.01 -.0E -.0¢

Note: ** = Correlation is significant at the 0.0dvel. * = Correlation is significant at the 0.05d& ™= Correlation approached
significance (p = .06).
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Table 3
Descriptive statistics of the 'About' section Cobtategories and their correlations with Self-reed
distress (N = 162)

Pearson correlation wi

. Social Victimization .
M (SD) in % Rejection of Bullying Depression
Fun & new: 65(16.67 A1 .16* .0¢
Commercial 18.92 (13.3¢ -.1C -14 -.03
Belonging 7.57 (7.77 -.0¢ =11 -.0¢
Values & social engagem: 7.06 (7.42 -.0¢ -.0¢ -.0¢
Gothic & darl 0.70 (2.48 29x** 24** A1
Extreme & offensiv 0.74 (1.64 .01 .0z 0z

Note: Correlations are significant at a two-taifetevel of * > .05, ** > .01 level or *** > .001.

Table 4
Descriptive statistics of the 'Timeline' Typesadtp and correlations with Self-reported distrd$s=(162)

Person correlation wi

Social Victimization of .
M (SD) Rejection Bullying Depression
Overall Postinc 10.62 (15.9¢ A7+ A1 .04
Owner-Create: 38.80% (28.0¢ AC .0C .0E
Owner-Share! 16.84% (25.67 hIL® .0¢ .01
Other-Tagge! 28.41% (26.6( -.24** -1z -.0t
Other-Create! 12.19%(19.88 .01 .0€ -.0€
OthersTotal: 40.61% (30.01) - 21 -.07 -.08

Tagged & Created

Note: * = Correlation is significant at the 0.05é& ** = Correlation is significant at the 0.0lvkd. Overall Postings = The overall
number of posts, including all types of posts. Om@eeated = posts, which were created and publiblyetie participant
her/himself. Owner-Shared = posts (usually, crebyeothers), which were shared by the participanttimself. Others-Tagged =
posts (usually, created by others), in which offemple "tagged" (attached) the participant namee@tCreated = post, which
were attached by other people to the participamtitne.

Table 5
Descriptive statistics of the 'Timeline' postinguacteristics and their correlations with self-reped

distress (N = 162)

Pearson correlation wi

Rang M (SD! Social  Victimization Depressio
rejection  of Bullying
Likes on post Surmr 212.40 (503.6¢ .0¢ AC 14
Comments on pos Sunr 26.89 (60.94 .01 .0C .0¢
First person sing Sumr 6.24 (13.8€ A1 24** .0¢
First person plur: Surmr 1.49 (5.44 .07 .0€ .0€
Otherpeople in picture ~ Sum (--4) 17.85 (22.5¢ -.21* -.18* -.04
Valence of conte Sum (Positive- Negative  2.44 (4.05 AS Az .0t
Attitudes towards othe ~ Sum (Positive- Negative  1.06 (2.27 .18* 14 A2

Note: * = Correlation is significant at the 0.05é& ** = Correlation is significant at the 0.0lvid. The Correlation with 'Other
people in pictures' was calculated on 131 partitipavho had at least one picture of themselvesain timeline. Sum (Positive —
Negative) = a total, combined score, which sub&hthe number of negative (valance/attitudes) gosts the number of positive
(valancef/attitudes) posts.



Highlights
Two consecutive studies investigated whether and $acial Network Sites
(SNS) can be used to detect adolescents’ distress.
Study 1 focused on explicit references to distegss Study 2 also examined
less explicit Facebook activities.
Explicit depression references were rare, but whey appeared they
predicted "real life", offline depression.
Social rejection and victimization of bullying calso be detected through
less explicit, digital footprints.
These digital footprints include for example ‘pdsgothers’, 'gothic and dark

content’, and 'other people in pictures'.



