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Emerging adults are heavy users of smartphones and social media, a behavioral trend that may disrupt
the experience of solitude and decrease the corresponding benefits for mood regulation and identity
development. This study used the experience sampling method to assess the associations between
solitude, social media use, and psychological adjustment in the everyday lives of 69 college students and
to investigate whether individual differences in extraversion and the preference for solitude influenced
these associations. Cluster analyses showed that high-functioning introverts with high identity develop-
ment and low loneliness were more likely than extraverts and low-functioning introverts to spend time
truly alone without using social media, and they exhibited the lowest social media use in general.
Analyses using covariance pattern modeling indicated that, contrary to expectations, participants were
happier when on their devices, particularly when they were alone but preferred to be with people. These
findings illustrate both the appeals and pitfalls of social media and device use. Although our moods may
improve from using social media during solitude, chronic device use when aone may inhibit identity
development and other psychosocial developmental tasks.

Public Policy Relevance Statement

An experience sampling study showed that the use of social media during solitude has a paradoxical
relationship to psychological adjustment; although it elevates one's current mood state, it is also
linked to low identity development and high trait loneliness. Social media use may be aform of mood
regulation when one does not wish to be alone. Individuals who consistently spend time on their
devices when alone may bypass important psychosocial developmental processes gained through

solitude.
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Engaging in solitude by choice confers multiple benefits, from
creativity and emotional renewa to self-reflection and identity
development (for a review, see Goossens, 2014; Larson, 1990;
Storr, 1988). However, people of all ages, and emerging adultsin
particular (Manago, Taylor, & Greenfield, 2012), are increasingly
heavy users of smartphones and social media. Turkle (2011) pos-
ited that being physically aone with one's device, especialy while
engaging in other-directed activities such as social media, does not
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meet the criteria for psychological solitude, which is fundamen-
tally inner directed. She theorized that ubiquitous smartphone use
has led us to abandon solitude and weakened our capacity to be by
ourselves in stillness; the implication is that we subsequently face
the loss of solitude’s benefits. Our study attempts to shed some
empirical light on these claims.

The Benefits of Solitude

The most substantive body of research on solitude has been
conducted with adolescents, when the desire to be alone increases
(Larson, 1997), but studies with emerging adults—approximately
18-29 years of age—have shown that solitude also appears to be
constructive at this developmental stage (Goossens & Marcoen,
1999; Long & Averill, 2003; Thomas & Azmitia, 2019). Arguably
the two most robust findings from the literature on the benefits of
solitude concern mood regulation and identity development. For
example, researchers have found that for adolescents, moods typ-
ically lower during aone time but then rebound to higher than
normal levels upon exiting solitude; the implication isthat solitude
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offers a “renewing effect on people’s mood state” (Larson, Csik-
szentmihalyi, & Graef, 1982, p. 48). Adolescents tend to accrue
benefits from solitude but still report feeling lonelier and less
happy when alone compared with when they are interacting with
others (Larson, 1997). In contrast, emerging adults tend to report
more positive than negative experiences with being alone (Long &
Averill, 2003). In studies with college students, the opportunity to
be alone affords time for introspection and identity development
(Goossens & Marcoen, 1999), experiences of enlightenment and
freedom (Averill & Sundarargian, 2014) and is associated with
increases in self-awareness (Franzoi & Brewer, 1984), and psy-
chological well-being (Thomas & Azmitia, 2019). Thus, emerging
adults appear to be well positioned to reap the benefits of soli-
tude—if they take the opportunity to be alone.

Smartphone Use in Emerging Adulthood

Emerging adulthood is increasingly aperiod of high smartphone
and social media usage. According to the PEW Research Center,
96% of emerging adults in the United States own a smartphone
(PEW Research Center, 2019a), and a mgjority of these users
report that they visit social media sites daily; for example, 68% of
Snapchat users between the ages of 18 and 29 years visit the site
multiple times per day (PEW Research Center, 2019b). As they
text, tweet, and update their statuses on social media, the paradox
is that emerging adults are spending more time physically alone
but not psychologically alone (Turkle, 2011), which potentialy
disrupts the experience of solitude and inhibits its corresponding
benefits.

This hypothesis is consistent with evidence demonstrating the
use of TV as a parasocial activity, one that is used as a distraction
for people who are uncomfortable with the unstructured time of
solitude (Greenwood & Long, 2009; Kubey, 1986); indeed, Long,
Seburn, Averill, and More (2003) noted the tendency for university
students to distract themselves with the Internet or TV when they
were alone and felt lonely. The principal goals of the present study
were to assess the associ ations between solitude, social media use,
and psychological adjustment in the everyday lives of college-
going emerging adults and to investigate whether the individual
differences of introversion and the preference for solitude influ-
enced these relationships.

Social Media and Psychological Adjustment

A spate of research has investigated social media's effects on
psychological adjustment. Results reveal a complex picture. On
the one hand, social networking sites can and do serve vauable
psychological needs, such as the drive to belong, maintain rela-
tionships, and receive socia support (for a review, see Burke &
Kraut, 2016). Clark, Algoe, and Green (2018) argued that social
networking sites can enhance well-being when they are used to
make meaningful socia connections. Consistent with this idea,
self-disclosure on social media has been found to increase well-
being by increasing perceived socia support (Lee, Noh, & Koo,
2013). Moreno and colleagues (2011) found that Facebook pro-
vides a place for college students to express genuine self-
disclosure around depressive symptoms, and this may dleviate
stigma around mental health. Thus, different types of interactions
on social media appear to make a crucial difference for well-being

outcomes; targeted communication from close friends, rather than
viewing broadcast status updates, istied to increases in well-being
(Burke & Kraut, 2016).

On the other hand, recent research challenges these benign
conclusions. Heavy social media use has been associated with poor
mental health (Sampasa-Kanyinga & Lewis, 2015), stress (Samaha
& Hawi, 2016), and loneliness (Skues, Williams, & Wise, 2012)
for both adolescents and emerging adults. In studies with college
students, loneliness and social anxiety predicted Facebook use and
an emotional attachment to Facebook, respectively (Clayton, Os-
borne, Miller, & Oberie, 2013). Furthermore, studies on college
students’ Facebook use over a 2-week period showed that Face-
book use led to subsequent declines in subjective well-being
(Kross et al., 2013), and college students who spend more time on
Facebook—especially those who passively use the site—exhibit
significantly more symptoms of social anxiety than their peers
(Shaw, Timpano, Tran, & Joormann, 2015).

Given that emerging adulthood is a time of intense self-focus and
identity exploration (Arnett, 2004), socid media platforms become
important arenas for experimentation with self-presentation. For ex-
ample, in samples of college students, Facebook provided a forum to
experiment with socidly desirable possible selves (Taber & Whit-
taker, 2018; Zhao, Grasmuck, & Martin, 2008), and those emerging
adults with more coherent identities tended to present their real selves
on Facebook more than their ideal or false selves (Michikyan, Dennis,
& Subrahmanyam, 2015). Y et, social mediause dso intensifies social
comparison and can invite negative feedback, which has been shown
to trigger depressive symptoms and decreases in self-esteem, espe-
cialy for adolescents (Chua & Chang, 2016; Nes & Pringtein, 2015;
Vakenburg, Peter, & Schouten, 2006).

This brief foray into the increasing body of work devoted to
understanding how social media and smartphones affect us dem-
onstrates the complex relationship we have with our devices. Still,
social media's effects on the task of identity development, a
process that involves both inner-directed and outer-directed explo-
ration (Erikson, 1968), are understudied. The smartphone is an
inherently social tool that acts as a gateway to 24-hr access for
communication with others. Srivastava (2005) has argued that the
mobile phone has become more of a“key ‘social object’” (p. 111)
than atechnological object, given that it serves fundamental social
needs (e.g., belonging, relationship building). But such chronic
outer-directed smartphone and social media use may mean that an
important dimension of identity development risks being unat-
tended to—the privacy and aone time required to observe, pro-
cess, and resolve thoughts and feelings about oneself, one’s future,
and one' s relationships. If emerging adults are increasingly spend-
ing their solitary time on social media platforms and smartphones,
these developmental benefits of solitude may be compromised.

Individual Differences in Device Use

Extraversion

One's use of socia media and smartphones may vary with
individual differences in personality, and in particular extraver-
sion. People who are extraverted seek out social stimulation and
interaction more frequently and intensely than do introverts, and
these differences may be a factor in sociad media use. Some
researchers have found that both introverts and extraverts use the
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Internet and social mediato experiment with self-presentation and
social interaction strategies (Vakenburg, Schouten, & Peter,
2005), but others have found that extraversion is positively corre-
lated with high social media usage for people of all ages (Correa,
Hinsley, & de Zuniga, 2010). Among college students, extraver-
sionispositively correlated with cell phone use (Lepp, Li, Barkley,
& Salehi-Esfahani, 2015), Facebook use (Gosling, Augustine,
Vazire, Holtzman, & Gaddis, 2011), and what researchers have
dubbed cell phone “addiction” (Roberts, Pullig, & Manalis, 2015).
Thus, it appears that extraversion may influence smartphone users
behaviors. Because of the correlation between solitude and intro-
version (Burger, 1995), introverts may experience alone time as
less threatening than extraverts, and, therefore, may not feel as
much need to use social media as an escape route from solitude.

This line of thinking is consistent with recent empirical work
with college students that used cluster analysis to revea the
following pattern: Although extraversion generaly correlated pos-
itively with cell phone use, the cluster that had the highest cell
phone use was only moderately extraverted, compared with a
highly extraverted cluster whose cell phone use was lower. The
most introverted cluster reported the lowest cell phone usage
(Lepp et al., 2015). Given that the trait of extraversion was not
uniformly linked with cell phone use in this cluster analysis, other
dispositional factorslikely have an influence. We suspect two such
factors are one's preference for solitude and one's motivation for
solitude.

Preference and Motivation for Solitude

A distinct but related concept to introversion is the preference
for solitude. This is described by Burger (1995) as the extent to
which individuals*“ prefer solitude over social interaction” (p. 105).
However, a preference for solitude is also correlated with negative
outcomes, such as loneliness (Burger, 1995; Cramer & Lake,
1998), and thus, subsequent research has aimed to clarify this
relationship. One’s motivation for being alone appears to correlate
with psychological outcomes more than ssimply a preference for
solitude; specifically, self-determined motivation for solitude
(SDS), inwhich anindividual seeks out alone time for constructive
purposes, avoids the loneliness that is experienced by individuals
who seek solitude for not—self-determined reasons such as anxiety
and discomfort around others (Thomas & Azmitia, 2019). There-
fore, in the context of social media usage, we would expect that
individuals who prefer solitude, and in particular those who are
motivated to be alone for self-determined reasons, would not be
drawn to using socia media during their periods of intentional
solitude. Using social media would in fact distract them from
inner-directed pursuits.

Previous Resear ch on Solitude and Social Media

A few studies have investigated social media usage in the
context of solitude. Most recently, when young adults were sur-
veyed about their smartphone use, researchers found a genera
tendency for participants to use smartphones during alone time,
and a negative correlation between a preference for solitude and
smartphone usage (Diefenbach & Borrmann, 2019). Another team
of researchers found that when participants were in solitude, their
social media use increased, athough the effects were larger for

other media, such as TV, radio, and magazines (Wang, Tchernev,
& Solloway, 2012). Findly, Leung (2015) found a positive rela
tionship between the desire to be alone and the use of social media.
In this study, the desire to be alone increased participants belief
that using a tablet in solitude would be stress relieving, in partic-
ular for social-oriented activities (e.g., using social media). Taken
together, this research suggests that social media use during soli-
tude may serve a mood-regulating function.

Although these studies do begin to chart the territory of solitude
and smartphone usage, they are limited in two ways. First, they did
not investigate the corresponding effects of such solitary use on
psychological adjustment outcomes, and second, they did not track
the volition or valence of the solitude experience during which
participants engaged with social media, both of which are critical
for predicting whether a person will benefit from time alone
(Larson, 1997; Thomas & Azmitia, 2019). Second, with the ex-
ception of Wang and colleagues (2012), these studies used self-
report surveys, in which participants were asked to estimate the
amount of time they spent alone on their devices. It is well-
established that self-report surveys are limited for a variety of
reasons, from inaccuracies in recall to the bias of social desirabil-
ity. Our study design addresses both of these limitations, first by
examining participants mood during solitude and their preference
for being aone at that moment in time, and second by using the
experience sampling method (ESM) to collect data (Csikszentmi-
halyi & Larson, 1987). ESM avoids the pitfalls of self-report
surveys by alowing researchers to capture behaviors and moods as
they occur, in vivo, and over time.

The Present Study

Our study aims to fill in a missing piece of the puzzle in the
literature on social media use and psychological adjustment by
including the dimension of solitude, and our goal isto increase the
ecological validity of the results by using the ESM. Does using
social media during alone time interrupt two key benefits of
solitude: mood regulation and identity development? The literature
reveals an inconsistent picture of how social media and smart-
phone use relate to well-being, but using these technologies clearly
seems to have an impact on mood, whether alleviating or exacer-
bating loneliness, anxiety, and other negative emotions. Diefen-
bach and Borrmann (2019) have theorized that the smartphone has
become an attachment object, similar to a pacifier in infancy,
which alternately soothes us and causes anxiety when we are
separated from it. If the smartphone is indeed serving as an
attachment object, it may be changing solitude’s role in mood
regulation. When people feel anxious or unhappy, they may turn to
their phones to feel better. When they are in solitude—by choice
or not—and they feel bored or lonely, they also may turn to their
phones to aleviate such states.

We focused on other-directed online behaviors, specificaly
posting and messaging on social media sites as well as texting,
given that these activities fall under the umbrella of computer-
mediated communication; however, we excluded other Internet use
(e.g., browsing, using Wikipedia, watching videos, and so on)
because these activities are not inherently other directed (Burke &
Kraut, 2016). We aso excluded phone calls and video chats from
our research questions because these mimic face-to-face interac-
tions more closely and differ qualitatively from text-based formats
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of social media communication. Thus, we operationally defined
social media use as any activity on social media sites such as
Facebook, Snapchat, and Instagram, as well as texting and instant
messaging. Following Turkle's (2011) distinction between being
physically alone and psychologically aone, we distinguished be-
tween various alone states in our study. We operationalized truly
alone as a state of solitude absent of communication with others,
including any type of computer-mediated communication such as
texting or messaging on social media. In contrast, we operation-
alized on device alone as the state of being physically alone but
using one’ s device to engage in one of the aforementioned types of
social media. Finally, when considering one's preference for sol-
itude, we distinguished between the trait-based conception of
preferring solitude in general, as measured by the Preference for
Solitude Scale (PSS; Burger, 1995), versus a state-based experi-
ence of solitude, as measured by one's reported preference for
solitude in the current situation and moment in time.

Hypotheses for Individual Differences

We expected that high introversion, PSS, and SDS would pre-
dict higher frequencies of being truly alone (Hypothesis 1). In
addition, we expected that scores on these three individual differ-
ence measures would also predict lower rates of social media use
in general, that is, social media use (Hypothesis 2a), and socia
media use in particular during solitude, that is, on device alone
(Hypothesis 2b).

Hypotheses for Psychological Adjustment

We predicted a negative relationship between identity develop-
ment and social media use in general, that is, social media use
(Hypothesis 3a), and social media use during solitude, that is, on
device alone (Hypothesis 3b). In contrast, we predicted a positive
relationship between trait loneliness and social media use in gen-
eral, that is, social media use (Hypothesis 4a), and social mediause
during solitude, that is, on device alone (Hypothesis 4b). Finaly,
we expected negative mood states to be elevated when using social
media during solitude, that is, on device alone (Hypothesis 5), and
that this effect would be greater when participants' state preference
was to be socia (Hypothesis 6).

M ethod

Participants

Seventy-eight college students were recruited from undergrad-
uate courses in psychology at a public university in northern
Cdlifornia The study was approved by the university’s institu-
tional review board, and each participant read and signed a state-
ment of informed consent before beginning the study. Of the
recruited sample, nine did not complete the ESM phase of the
study, resulting in an analytic sample of 69 participants. Each of
these participants received course credit after completing the
study. The majority (n = 64) were between 18 and 25 years of age,
and the remaining five were between 26 and 35 years of age. The
sample was ethnically diverse; they self-identified as Latino/His-
panic (39.1%), White (24.6%), Asian American/Pacific Islander
(20.3%), Asian Indian (7.2%), or Black/African American (1.4%),

and 7.2% indicated they belonged to more than one ethnic category
or identified with an “other” ethnicity not listed on the survey. The
majority (n = 45) identified as single, and the rest of the sample
identified as either currently in along-term committed relationship
(n = 22) or married (n = 2). Approximately half (n = 34) of the
sample lived with three or more people, and more than half (n =
39) had no access to aprivate room in their current living situation.

Procedure

This mixed-methods study gathered survey (quantitative) and
interview (qualitative) data. The study consisted of three phases.
First, participants completed a survey that included a battery of
psychological measures, described in the following text. Second,
ESM was used to prompt participants with a survey about their
current mood, social media usage, and status of being alone or with
others. The survey aerts prompted participants seven times per
day, at random times, for 7 consecutive days via an Android
application on their smartphones (see Thomas & Azmitia, 2016,
for a full description of the development of the Android app and
implementation of the ESM method). Third, after completing the
ESM phase of the study, participants met with the researcher in a
university laboratory to complete a semistructured verbal inter-
view about their use of social media and experiences with solitude.
Results from the qualitative analysis conducted with the interview
data are reported elsewhere (Thomas, 2020).

Initial Survey Measures

Before participating in the ESM portion of the study, each
participant completed an initial survey on a computer located in a
university research lab. In addition to collecting demographic
information, the survey included questionnaires for seven psycho-
logical adjustment and personality measures, described in the
following text. The initial survey took ~20-30 min to complete.
To enable comparison of effect sizes across constructs with dif-
ferent scales, we converted all survey measures to z scores.

Preference for Solitude Scale. This measure consisted of 12
forced-choice statements (Burger, 1995). A sample item was “|
enjoy being around people / | enjoy being by myself.” The state-
ments that reflected a preference for solitude were scored a “1,”
and the statements indicating a preference for being social were
scored a “0”; thus, high scores indicated a trait preference for
solitude over being socia. The PSS showed high reliability (o« =
.78).

Motivation for Solitude Scale-Short Form. The Motivation
for Solitude Scale-Short Form is a 14-item questionnaire with two
subscales measuring SDS and not self-determined motivation for
solitude (NSDS; Thomas & Azmitia, 2019). The questionnaire
provided participants with the prompt: “When | spend time alone,
| do so because . . .” and then instructed them to rate statements on
a 4-point scale ranging from 1 (not at all important) to 4 (very
important). A sample item of the SDS subscale was “| can engage
in activities that really interest me.” A sample item of the NSDS
subscalewas “| feel anxiouswhen I’'m with others.” Cronbach’s as
for the eight SDS items and six NSDS items were .79 and .88,
respectively.

Big Five Personality Questionnaire. We used the short form
of the extraversion portion of this scale (John, Donahue, & Kentle,
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1991; John, Naumann, & Soto, 2008). The measure consisted of
eight statements, which participants rated on a 5-point scale rang-
ing from O (strongly disagree) to 4 (strongly agree). Sample items
included “| am someone who istalkative” and “I am someone who
is sometimes shy, inhibited” (reverse coded). The eight items of
the Extraversion subscale showed high reliability (« = .86).

Identity subscale of the Erikson Psychosocial Inventory
Scale. The Identity subscale contained 12 items that participants
rated on a 5-point scale ranging from 0 (strongly disagree) to 4
(strongly agree ; Rosenthal, Gurney, & Moore, 1981). A sample
item was “|’ve got a clear idea of what | want to be.” The Identity
subscale was found to be highly reliable (« = .88).

UCLA Loneliness Scale, Short Form. This scale measured
the extent to which one feels lonely in daily life by having
participants rate eight statements on a 4-point scale ranging from
0 (never) to 3 (always; Hays & DiMatteo, 1987; Russell, Peplau,
& Ferguson, 1978). A sample item was “| feel left out.” The eight
items of this short form showed high reliability (a0 = .87).

Psychological Well-Being Scales.  This study used two of the
six subscales: Autonomy and Positive Relations With Others
(Ryff, 1989; Ryff & Keyes, 1995). Each subscale asks participants
to rate nine statements on a 6-point scale ranging from 0 (strongly
disagree) to 5 (strongly agree). A sample item from the Autonomy
subscaleis* Being happy with myself is more important to me than
having others approve of me.” A sample item from the Positive
Relations With Others subscale is “Most people see me as loving
and affectionate.” Cronbach’s as for the Autonomy and Positive
Relations With Others subscales were .82 and .81, respectively.

ESM Survey Questions

After completing the initial survey, the participant installed an
Android app designed by the researchers onto their smartphone
and completed a short in-person training on how to use the app.
The app was programmed to deliver seven surveys per day, for 7
consecutive days, at random times during a 16-hr window (i.e.,
when the participant was not sleeping) to collect daily experience
data on the variables of interest. The Android app survey consisted
of 20 questions and took ~2 min to complete each time. Only the
survey questions relevant to the present study are provided here
(mood, aone status, and social media use); the remaining survey
questions pertaining to solitude satisfaction and volition are ana-
lyzed and reported elsewhere (Thomas & Balzer Carr, 2020).

Mood. The survey inquired about participants’ current mood
on aLikert scale for seven mood pairs (adapted from Larson et al.,
1982). For example, participants responded to the question “De-
scribe how happy or sad you feel right now,” with one of the
following response options: very happy, somewhat happy, neither
happy nor sad, somewhat sad, or very sad. The other six mood
pairs were calm/anxious, excited/bored, sociable/reserved, cheer-
ful/irritable, relaxed/tense, and lonely/connected.

Alone status and preference.  Arguably the most crucia el-
ement of the survey was operationalizing what it meant to be
“alone’; thus, the survey provided five response choices indicating
various states of being alone or with others. Participants were
asked to select one of the following responses that best described
their current situation: were they (@) physically alone and not
communicating with anyone (truly alone), (b) physically alone but
aso communicating with someone (on device alone), (c) around

people but not interacting with them (around others), (d) around
people and interacting with them (social), or (e) around people and
also communicating with someone who was not physically present
(social while on device). Because aone time has both physical and
psychological implications (Turkle, 2011), it was important to
distinguish between these states. Following this alone status ques-
tion, participants were asked an alone preference question: “Right
now would you prefer to be alone or with others?” This question
provided data on participants' state preference for solitude over the
course of the 7-day study, versustheir trait preference for solitude,
which was measured in the initial survey with the PSS (Burger,
1995).

Social media usage. If participants were communicating or
interacting with others during the survey aert, they were asked to
report what method of communication they had been using. Re-
sponse options included face-to-face, phone, letter, video (eg.,
Skype), text, instant message, or socia media platform (eg.,
Facebook, Twitter, Instagram, and Snapchat). Finaly, they were
asked whether they had been using their phone for any purpose at
the moment the survey aerted them.

Analysis

Beyond simple frequency counts, analyses of variance, and
correlation coefficients, analysis consisted of two advanced ana-
lytic techniques: cluster analysis and CPM. Cluster analysis iden-
tified which participants were similar to each other (i.e., clustered
together) on the survey measures during Phase 1 of the study and
compared those clusters social media use, mood, and solitude
behaviors. Thus, cluster analysis enabled us to holistically identify
multivariate associations without eliminating shared variance from
the model—as with regression—and provided the novel utility of
distinguishing and then comparing subgroups of participants. A
two-step cluster analysis was used, which relied on an SPSS
algorithm that combined two traditional clustering techniques (k-
means and hierarchical clustering). First, participants were pre-
clustered using k-means: Each participant’s score on every clus-
tering variable was subtracted from the mean of that variable, and
participants with similar difference scores were iteratively grouped
together using a cluster feature tree (as described in Zhang, Ra-
makrishnon, & Livny, 1996). Second, each of these initial clusters
was consecutively compared with each of the others and grouped
into a set number (specified by the analyst) of larger clusters. This
method identified homogeneous subgroups of participants from
the larger more heterogeneous sample. Two-, three-, and four-
cluster solutions were attempted, but ultimately a three-cluster
solution was selected because it had the highest silhouette measure
of cohesion and separation (0.3, a measure of model fit; Bacher,
Wenzig, & Vogler, 2004) and was the most theoretically interpre-
table. To validate the cluster analysis, one-way analyses of vari-
ance were conducted with cluster membership predicting each
survey scale; Tukey's post hoc tests revealed that at least two
clusters significantly differed across all cluster variables except for
the Self-Determined Solitude subscale of the Motivation for Sol-
itude Scale-Short Form. Because cluster analysis is an iterative
technique, it can be biased by the ordering of casesin a data set,
so the data were randomly sorted three times, which consistently
yielded the same cluster solution.
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CPM was used to test al time-varying ESM hypotheses. Because
the total number of completed surveys varied by participant, tradi-
tional repeated measures analyses that require a fixed number of time
points would not suffice. CPM alowed for independently modeling
within-participant variance (i.e., individual differences) and then test-
ing how individua’s scores on atime-varying dependent (e.g., mood)
differed a one or another level of atime-variant (e.g., being on one's
device) or time-invariant (eg., identity development) independent
variable. To do this, the data analyst had to define a covariance
structure, which imposed assumptions on how participants' repeated
measures would correlate with each other (e.g., the relationship be-
tween anindividua’s mood at different time points). The anayst used
an autoregressive covariance structure because they assumed that
moods and other variables would be correlated across time points but
these covariances would decay exponentialy. Other covariance struc-
tures (e.g., Toeplitz) were attempted, but autoregressive covariance
consistently yielded better Akaike and Bayesian information criteria,
suggesting that an autoregressive covariance structure was the most

appropriate.

Results

Descriptive Statistics

Participants completed an average of 27.6 surveys (SD = 8.7)
during the study period. They spent most of their waking hours
being social (48%), followed by being truly alone (19%), around
others (17%), on their devices aone (9%), and being socia while
on their device (4%). By wide margins, the most frequent forms of
communication were face-to-face (40%) and texting (13%). When
alerted by the app, participants were using social media 17% of the
time and already on their phones 26% of the time. Our findings
suggest that emerging adults spend most of their time being social
in person, but they are still frequent users of social media and
computer-mediated communication. In our analysis, we operation-
ally defined social media use as any activity on social media sites
as well as texting and instant messaging, given that we were

interested in other-directed online communication behaviors in
general, not strictly activities on socia networking sites.

Individual Differences

To gain an understanding for how individua differences pre-
dicted social media use and solitude, we conducted a cluster
analysis of al survey scales. Our initial two-cluster solution
grouped participants into extraverts and introverts and had poor
model fit, but as we increased the cluster solutions to three and
four, the introvert cluster split into two and then three (with the
extravert cluster staying intact), so introverts appear to be rela
tively heterogeneous. Our cluster analysis yielded the best model
fit for a three-group typology: extraverts (n = 18), high-
functioning introverts (n = 29), and low-functioning introverts
(n = 22). We labeled this third group low-functioning introverts
because compared with the other two clusters, the low-functioning
introvert cluster was significantly higher on trait loneliness and not
self-determined solitude, and significantly lower on identity de-
velopment, autonomy, and positive relationship (all p < .05). In
contrast, the high-functioning introverts, although not differing in
level of extraversion from the low-functioning introverts, had a
significantly more well-adjusted psychological profile, similar to
the extravert cluster (see Table 1). Regarding solitude, a significant
characteristic of the high-functioning introverts was that they
displayed the highest preference for solitude, and the low-
functioning introverts had the highest NSDS, which is amarker for
negative outcomes (both p < .05). Overall, extraverts were ho-
mogenous and had high psychosocia functioning, but introverts
fell into two groups: one with the highest loneliness and lowest
identity development and autonomy (i.e., low functioning), and
another with the highest preference for solitude and high levels of
identity development and autonomy (i.e., high functioning).

We expected that introversion, preference for solitude, and SDS
would predict higher frequency of being truly alone (Hypothesis
1). Whereas correlational analyses showed no significant relation-
ships between these variables (see Table 2), cluster analysis indi-

Table 1
Cluster Analysis Results

Variables Extraverts HF introverts LF introverts All Ps
Identity development 4.0°[0.4] 3.9[0.5] 2.7°[0.5] 3.5[0.7]
Extraversion 3.9%[0.6] 2.7°[0.5] 2.8°[0.6] 3.0[0.8]
Autonomy 40.4%[6.8] 41.52[5.4] 34.5°[5.1] 39.0[6.4]
Positive relationships 47.8%[3.6] 40.8°[5.3] 33.9°[5.8] 40.4[7.3]
Loneliness 11.22[1.8] 17.0°[3.6] 21.9°[4.0] 17.0[5.3]
Preference for solitude 3.9%[2.0] 8.7°[2.2] 6.0°[2.4] 6.6 [3.0]
SD solitude 3.0%[0.7] 2.9%[0.5] 2.82[0.5] 2.9[0.6]
NSD solitude 1.32[0.3] 1.62[0.4] 2.2°[0.8] 1.7[0.6]
Truly alone 13%° [7%)] 24%P [15%) 18%° [10%)] 19% [13%]
On device aone 8% [10%] 8% [7%)] 13%2 [12%] 9% [10%]
Social 57%? [13%)] 46%° [15%] 44%P [13%) 48% [15%)]
Around people 17%2 [12%] 18%[13%] 17% [16%] 17% [14%]
Social on device 4%? [6%0] 3%° [5%] 5%° [8%) 4% [6%0]
Any social media 16%>P [15%] 13%3 [12%] 23%° [16%) 17% [18%]
On phone when aerted 27%°[14%)] 249%°[15%)] 28%° [17%) 26% [16%)

Note. HF = high-functioning; LF = low-functioning; Ps = participants, SD = self-determined; NSD = not
self-determined. Standard deviations are reported in square brackets.
&€ Clusters with nonmatching letters differ significantly (p < .05).
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Table 2
Bivariate Correlation Coefficients
Variables ID Ex Au PR Lo PSS SDS NSDS TA ODA So AP SoD ASM
Identity development —
Extraversion .16 —
Autonomy 37 .19 —
Positive relationships 62" .53 247 —
Loneliness —-.59" —b54" —-26" -—.81" —
Preference for solitude .07 —.57" .09 -.23 12 —
Self-determined solitude A1 15 .02 10 —-.12 .05 —
Not self-determined solitude -.38"* —-.35"" —-.35"" —.60"" .59 .18 25" —
Truly alone 07 —-22 11 —-.01 22 19 —-.04 .08 —
On device aone -.19 -.14 A1 —=.11 13 .07 01 -11 —-.00 —
Social A3 407 A3 20 -36" -31" -.16 -37" -51" -.19 —
Around people —.01 -.13 -.26" —.12 .05 .10 24" 347 =31 —.427 —-35" —
Socia on device -12 -02 -0 -.03 .08 .02 -.15 0o -04 -10 -23 -12 —
Any socia media -.26" —.02 .01 -.14 .19 —-.12 A1 .03 -.15 58" —.19 =27 427 —
On phone when aerted -19 -.04 .08 —.06 07 -1 07 -17 -—.18 21 .02 -.16 .34 557

Note.

ID = identity development; Ex = extraversion; Au = autonomy; PR = positive relationships, Lo = loneliness; PSS = Preference for Solitude

Scale; SDS = self-determined solitude; NSDS = not self-determined solitude; TA = truly alone; ODA = on device aone; So = social; AP = around

people; SoD = socia on device; ASM = any social media.
"p<.05 ™p<.0l

cated some support for this hypothesis. The extravert cluster was
less likely to be truly alone (13%) than high-functioning introverts
(24%, p < .05) but not less likely than the low-functioning
introverts (18%, ns). This difference in introvert behavior can be
explained by greater preference for solitude among high-
functioning introverts and greater not self-determined solitude
among low-functioning introverts. In other words, the cluster who
spent the most time truly alone (i.e., without using social media or
any other form of communication during solitude) was introverted,
expressed high psychosocia functioning, and had a high prefer-
ence for solitude and a low negative motivation for solitude.

We expected that these same three variables—introversion,
preference for solitude, and motivation for solitude—would pre-
dict lower rates of social media use (Hypothesis 2d), in particular
during solitude, on device alone (Hypothesis 2b). Partially sup-
porting Hypothesis 2a, a significant difference was found between
both introvert clusters: In general, high-functioning introverts were
less likely to use any socia media in general (13%) than low-
functioning introverts (23%, p < .05), but extraverts’ social media
use (16%) did not differ significantly from either introvert cluster.
Overall, cluster analysis provided mixed support for Hypothesis 2.
Thetwo introverted clusters were either the lowest or highest when
it came to using social media, in genera or during solitude, which
suggests that contrary to Hypothesis 2, introverts do not uniformly
engage in social media at lower rates. Consistent with Hypothesis
1, it appears that preference for solitude, which is highest among
high-functioning introverts, is a stronger predictor than introver-
sion when it comes to using social media less frequently.

Psychological Adjustment

We had anticipated that socid media use in generd, and in partic-
ular during solitude, would correlate negatively with identity devel-
opment (Hypothesis 3) and positively with trait loneliness (Hypoth-
ess 4). As shown in Table 2, corrdaiona analyses yielded a
significant relationship only between socia media use and identity
development, r = —.26, p < .05, thus supporting Hypothesis 3, but

not with trait loneliness (Hypothesis 4). To improve our dtatistical
power, we used CPM to analyze these effects in a repeated measures
framework. CPM assessed the effect of survey scae responses on
participants chances of using social media in general when aerted
(any social media) and in particular engaging in social media while
aone (on device alone). Here we found stronger support for both
Hypothesis 3 (identity) and Hypothesis 4 (loneliness).

Identity development. Converging with the cross-sectiona
andyses, CPM analyses showed that identity development signifi-
cantly predicted reduced odds of social mediause (B = —0.24, p <
.01). Participants at the mean of identity development had a 17%
chance of using socia media, whereas participants at 1 SD above the
mean had a 14% chance of using socia media. Although only mar-
ginally significant, identity development also predicted reduced odds
of being on one' sdevice alone (B = —.18, p < .10), with participants
at the mean having a 35% chance of being on their device alone and
those a 1 D above the mean having a 31% chance. Experience
sampling enabled us to infer from these probabilities rough approxi-
mations of total amount of time spent in one or another solitude and
device use state. Assuming that participants were awake and respond-
ing to survey aerts during the scheduled 16 hr a day, the effects of a
3%—4% increase amount to about an additiona half hour of socia
media and solitary device use every day.

Loneliness. Unlike our cross-sectional analyses, CPM analyses
indicated that londliness significantly predicted social media use in
generd (B = 0.14, p < .05), which supports Hypothesis 4. When at
the mean on trait loneliness, participants had a 17% chance of being
on socia media, and a standard deviation increase corresponded with
a 19% chance of being on social media. There was a marginally
significant relationship with a smaller effect between trait loneliness
and being on one's device done (B = —.07, p < .10).

Mood. We expected participants’ negative mood states to be
elevated when on their device alone (Hypothesis 5) and that this
effect would be greater when participants would rather be social
(Hypothesis 6). Table 3 provides descriptive statistics for partici-
pants’ moods during the study. We again used CPM to assess the
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Table 3
Mood Descriptive Satistics

Mood Time 1 Timej Correlation across time
Happy 3.8[0.9] 3.6[0.9] 34
Anxious 24[13] 26[11] .36
Bored 2.8[0.9] 3.0[1.1] .20
Sociable 35[1.1] 3.0[1.2] .23
Cheerful 3.6[1.0] 3.3[1.0] .32
Tense 25[1.2] 2.7[1.1] .37
Lonely 25[0.9] 2.7[0.8] .28

Note. Correlations across time are covariance parameters from autore-
gressive covariance pattern models, and they represent how correlated
individuals' scores on variables were across their repeated surveys. Timej
is the participants' final survey. Standard deviations are reported in square
brackets.

relationship between mood and social media or phone use in vivo.
Contrary to Hypothesis 5, participants were consistently in better
moods when on their devices alone. As compared with being truly
alone, participants were happier when on their devices alone by a
quarter of a standard deviation (3 = 0.25, p < .01). Participants
were likewise less bored (B = —0.36, p < .001) and lonely
(B = —0.37, p < .001) when on their devices aone but not any
more or less anxious (B = 0.02, ns). Cohen (1988) argued that
effects within this range should be considered of medium size.
We introduced interaction effects to assess if current state pref-
erence for solitude (i.e., preferring to be with others, preferring to
be alone, or no preference, when alerted, as opposed to trait-level
preference for solitude as measured by the PSS) moderated the
relationship between device use and mood. Interestingly, the rela-
tionship between device use and happiness appeared to be entirely
driven by the interaction of a state preference for being with others.
The interaction between preferring others and being on one's
device aone was significant (B = 0.37, p < .05), and the main
effect of preferring to be alone and being on one's device aone
was not significant (3 = 0.00, ns). In other words, participants
werejust as happy when on their devices alone as when truly alone
as long as they preferred to be alone. But if they would rather be
with others, then participants were much happier when on their
devices alone than when they were truly alone. When estimating
happiness at each level of our predictors, we found that partici-
pants had a score of 3.31 happiness when truly alone and prefer-
ring to be aone, 3.31 (i.e., no change) when on one's device alone
and preferring to be alone, and 3.86 when on one’s device alone
but preferring to be with others. After converting to z scores, this
amounted to nearly half a standard deviation increase (0.38). Thus,
the increases in happiness associated with device use were only
true when participants wanted to be with others (i.e., not when they
wanted to be alone), and the effect of that difference was large.

Discussion

This study investigated how engaging in social media, in general
or when alone, relates to emerging adults psychological adjust-
ment. Our results showed that psychosocial functioning, more than
individual differences in personality, predicted socia media use
and solitary behaviors. Most strikingly, individuals with the lowest
psychosocia functioning, specifically low identity development

and high loneliness, were the ones most likely to be high social
media users, even during solitude. These individuals were also
more introverted, and we labeled them low-functioning introverts.
This cluster was the loneliest and spent significantly lesstime truly
alone compared with their high-functioning introverted peers. Per-
haps this was owing to the fact that their motivation for solitude
was significantly less self-determined than the high-functioning
introverts, indicating that they were choosing to be alone owing to
negative reasons such as social anxiety or lack of close friends,
rather than for positive reasons such as creative expression or
self-reflection. Regardless, the low-functioning introverts spent the
most time on social media, significantly more than the high-
functioning introverts or the extraverts. These results are consistent
with previous findings showing a positive correlation between
loneliness and socia media usage among college students in
particular (Clayton et al., 2013; Skues et al., 2012; Yao & Zhong,
2014).

In contrast, their introverted peers with high psychosocial func-
tioning, including markedly higher identity development, were
much more likely to spend time truly aone, that is, in solitude
without using their devices. This group we labeled high-
functioning introverts, given that they aso exhibited less trait
loneliness and higher levels of well-being as measured by auton-
omy and positive relationships. This cluster also exhibited the
highest preference for solitude, which appears to have contributed
to their high frequency of being truly alone during the course of
the study. These results suggest that the constructive use of soli-
tude depends somewhat on psychosocia factors; this is consistent
with recent literature showing similar solitary behavior and adjust-
ment profiles of early adolescents (Corsano, Grazia, & Molinari,
2019) and emerging adults (Thomas & Azmitia, 2019). To under-
score this finding, extraverts who had similar psychological ad-
justment as the high-functioning introverts also spent significantly
less time on social media than the low-functioning introverts.
These results are consistent with previous findings by Lepp and
colleagues (2015), who found that extraversion was not uniformly
linked with smartphone usage. However, our study goes further by
demonstrating that although personality is not the most reliable
indicator of social media use, psychological adjustment is a more
potent predictor. In particular, high levels of identity development
may buffer against the need to do impression management on
social media, and high levels of autonomy may protect against a
dependence on social media for social comparisons and feedback
for determining self-worth.

Although one could infer from these findings that poor psycho-
logical adjustment drives social media usage and inhibits solitude,
it may be that a reciprocal relationship exists between these vari-
ables. For example, emerging adults who exhibit low identity
development may subsequently avoid solitude or not know how to
constructively use time alone when given the opportunity. This
chronic avoidance of solitude might then further inhibit the devel-
opmental affordances that come with volitional time alone,
namely, identity development and mood regulation. Moreover,
although some literature has suggested that the self-presentation
and impression management behaviors involved in social media
usage can stimulate identity exploration (Zhao et a., 2008), high
social media usage may undermine the more inner-directed pro-
cesses of identity development, which theorists have argued re-
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quire a sufficient amount of privacy and solitude to make possible
(Erikson, 1968; Modell, 1992).

Finaly, contrary to our expectation that negative moods, espe-
cialy during solitude, would be associated with social media use,
these emerging adults actually had more positive mood overall
when using their devices alone. As with the relationship between
identity development and social media use, we could not ascertain
whether mood was driving solitude and device use or whether
there was some other causal path. We found that participants
happiness was higher when on their devices alone, specifically
when they did not want to be aone, but we cannot determine the
cause and effect from these data. It could be that device use
increases happiness, or that happiness leads to device use. Still,
the relationship between device use and happiness was driven by
the interaction of preferring to be with others. Device use, there-
fore, may have served as a means for these participants to be
happier when they were alone but would rather be with others.

Drawing on Diefenbach and Borrmann’s (2019) concept of
smartphones as attachment objects, social media use may serve as
aform of self-soothing when one is alone and feeling out of sorts.
However, emerging adults who consistently spend time on their
devices when alone may bypass the important process of mood
regulation during solitude, which seem to require an inner-directed
focus rather than outer-directed attention (Modell, 1992). Solitude
experiences typically involve lowered moods, but during time
alone theseinitial negative emotions get reflected on and resolved,
so that moods rebound to higher than normal levels upon exiting
solitude (Larson & Csikszentmihalyi, 1978). Thus, negative
moods on the surface may mask important processes such as
self-reflection and emotional release, processes that are well suited
to the environment of solitude (Koch, 1994).

Limitations and Future Research

Although our study advances our understanding of the complex
relationships between solitude, social media use, and psychologi-
cal adjustment, the findings are limited in terms of population and
study design. Our sample, although diverse in gender and ethnic-
ity, was till somewhat homogenous, given that they were al
college-going emerging adults attending the same public univer-
sity in northern California. It would be important to understand
whether our findings replicate with other popul ations more diverse
in age (e.g., adolescents, older adults), life situation, socia class,
and psychosocia functioning (e.g., clinical samples, at-risk popu-
lations).

Furthermore, although our analyses allowed us to understand
solitude, device use, and mood in vivo, as opposed to self-report
data, we still could not ascertain cause and effect regarding the
relationships between psychological adjustment and device use,
and between mood and device use. When we conducted CPMs
with a lag score, such that mood predicted device use during the
subsequent time point or device use predicted mood during the
subsequent time point, we found no statistically significant effects.
This may be because mood and device use do not predict later
mood or device use, or the experience sampling was too irregular
or far apart in time to detect an effect. Future researchers may want
to analyze solitude, device use, and mood using ESM in afashion
that would increase participant compliance to their survey regi-
men, and perhaps future studies could explore these relationships

more definitively by using an experimental design that systemat-
ically tracks effects over time. Overal, our results are consistent
with the growing corpus of studies and meta-analyses that show a
small but negative correlation between digital technology use and
well-being, but that stop short of ascertaining causal relationship
(Orben & Przybylski, 2019).

Conclusions

Our study indicates that psychosocial functioning is a more
potent predictor of social media use and solitary behaviors than
personality variables; in particular, low identity development is
associated with high social media use. Additionally, findings sug-
gest that interacting on social mediawhen alone is correlated with
positive mood states, but this is largely only true when people do
not want to be alone. Thus, social media use may be away to cope
with unwanted solitude. Although moods may improve from using
social media during solitude when one does not wish to be alone,
such device use may inhibit identity development and other psy-
chosocial growth processes (e.g., introspection, autonomy, and
mood regulation) in the long run. In short, our findings lend
support to Turkle's (2011) concerns about the psychological cost
of social media use and suggest that emerging adults who spend
their solitude mostly or totally on social media rather than period-
icaly being truly alone are not reaping al of the benefits of
solitude.
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