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This study investigated adolescents’ digital technology use during solitary time, the amount of time they spent alone,
and their perceptions of loneliness. Participants (N = 58; ages 11-18) were English speakers located in Canada. They
completed online self-report measures assessing solitary activities, time spent alone, and perceptions of loneliness.
Reported activities were categorized as either activities engaging with technology or non-technological activities,
where technology was not the primary focus. Findings indicated a weak but significant correlation between technology
use and loneliness, and this association was no longer significant when controlling for time spent alone, suggesting
that the link between technology use and loneliness may be influenced by the amount of time adolescents spend alone.
Future research could examine larger and more diverse populations to better understand how solitary activities,
particularly technology use, may influence adolescents’ experiences of loneliness.
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Cette étude a examiné 1’utilisation des technologies numériques par les adolescents pendant les moments passés seuls,
la quantité de temps qu’ils passent seuls et leurs perceptions de la solitude. Les participants (N = 58; agés de 11 a 18
ans) étaient des anglophones situés au Canada. Ils ont rempli des questionnaires d’auto-évaluation en ligne portant sur
leurs activités solitaires, le temps passé seuls et leurs perceptions de la solitude. Les activités rapportées ont été
classées soit comme des activités impliquant 1’utilisation de technologies, soit comme des activités non
technologiques, dans lesquelles la technologie n’était pas 1’élément principal. Les résultats ont indiqué une corrélation
faible mais significative entre 1’utilisation des technologies et la solitude. Toutefois, cette association n’était plus
significative lorsque 1’on contrdlait le temps passé seul, ce qui suggere que le lien entre ’utilisation des technologies
et la solitude pourrait étre influencé par la quantité de temps que les adolescents passent seuls. Les recherches futures
pourraient examiner des échantillons plus larges et plus diversifiés afin de mieux comprendre comment les activités
solitaires, en particulier 1’utilisation des technologies, peuvent influencer I’expérience de la solitude chez les

adolescents.

Mots-clés : temps passé seul, solitude, adolescence, technologies numériques, utilisation des technologies.

Adolescents have increasing access to digital
technologies, which include both active activities, such as
social communication, gaming, and content creation, and
passive activities, such as listening to music (Dienlin &
Johannes, 2020). By 2020, 97% of American children
reported having access to a smartphone at home, 75% had
access to a tablet, and 44% had their own tablet (Rideout
& Robb, 2020). Technology is therefore widely available,
and usage among adolescents has grown rapidly; a
nationwide survey of 1,316 American teenagers found
that between 2014/15 and 2022, the proportion of teens
reporting being online “nearly constantly” doubled from
24% to 46% (Vogels et al., 2022). Research examining
links between digital technology use and adolescent
loneliness has often reported a small positive association.
For example, higher internet dependency has been linked
to greater loneliness (Atarodi et al., 2020), smartphone
use shows a similar pattern among Canadian adolescents
(MacDonald & Schermer, 2021), and increased internet
use and social networking predicted loneliness in Turkish
adolescents (Yalcin et al., 2020). Longitudinal research
further indicates that increased internet use can predict
later rises in loneliness (Muusses et al., 2014). The
present study aims to clarify these findings by examining
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how digital technology use, particularly during solitary
time, may contribute to adolescents’ experiences of
loneliness.

Loneliness is a complex emotion that affects
individuals across all age groups and refers to the
subjective feeling of social isolation, occurring when
there is a gap between desired and actual social
relationships (Perlman & Peplau, 1981). Over the last
decade, adolescent loneliness has increased across North
America (Cigna International, 2018; Statistics Canada,
2021; Weissbourd et al., 2021) and several European
countries (Barreto et al., 2021; Hemberg et al., 2022;
Twenge et al., 2021), suggesting that young people are
experiencing high levels of social disconnection. The
factors underlying this trend are not fully understood,
though digital technology use has received considerable
attention. For example, a large-scale longitudinal analysis
found that adolescent loneliness rose alongside the
widespread adoption of smartphones beginning in 2012
(Twenge et al., 2018), and school-related loneliness was
positively associated with smartphone access and internet
use across countries, whereas variables such as
unemployment, GDP, income inequality, and family size
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were not. While some research has examined whether the
amount of time adolescents spend alone mediates the
association between technology use and loneliness, much
of this work has not explicitly tested this pathway.
Adolescents also engage in less in-person social
interaction than previous generations, spending
approximately one hour less socializing each day
compared with the 1980s (Twenge et al., 2019), which
may contribute to growing feelings of isolation among
youth.

Loneliness is an important variable because it is
associated with both immediate and long-term negative
outcomes. Across various cultural contexts, loneliness
negatively affects mental health and academic
performance (Mund & Neyer, 2017; Sauter et al., 2019;
Williams & Braun, 2019). One national study of 30,000
Danish high school students found that loneliness was
linked to a range of negative mental health outcomes,
with students who felt lonelier experiencing higher rates
of depression, anxiety, suicidal ideation, non-suicidal
self-injury, and low self-esteem (Santini et al., 2021). In
addition, a longitudinal study of more than 2,000
teenagers in the UK found that those classified as lonely
at age 12 had lower academic achievement at age 18.
These effects persisted even when participants were no
longer classified as lonely at age 18 (Matthews et al.,
2022), highlighting the long-term consequences of
loneliness and the importance of early intervention.

The literature has explored possible mechanisms
explaining why digital technology use may increase
loneliness. One theoretical framework is social
displacement theory (Nowland et al., 2017), which posits
that increased time on digital media reduces face-to-face
interactions with family and friends, potentially leading
to greater loneliness. While social media may isolate
adolescents, in-person interactions provide emotional
support and stronger social bonds (Hall & Liu, 2022).
Early evidence for the social displacement effect comes
from Kraut et al. (1998), who found that increased
internet use was associated with reduced family
communication, smaller social networks, and higher
levels of loneliness. The social displacement hypothesis
has examined both active technology use, involving high-
engagement activities such as playing games, and passive
use, involving low-engagement activities such as
watching TV, as potential contributors to social
displacement and greater loneliness (Dienlin & Johannes,
2020; Jensen et al., 2021; Kraut et al., 1998; Mutz et al.,
1993). For instance, Mutz et al. (1993) showed that
television viewing could displace outdoor activities and
social interactions among children. By contrast, Jensen et
al. (2021) examined adolescent use of social networking
sites and found little consistent evidence that daily use
significantly reduces the quality or quantity of social
interactions with parents or peers, highlighting that
evidence for the displacement hypothesis is mixed.
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Solitary time, defined by Weinstein et al. (2021) as the
state of being physically alone, can have varying effects
on adolescent well-being. In this study, solitary time
refers to periods without face-to-face interaction with
others. Excessive solitary time, defined as spending more
time alone than is typical or socially fulfilling to the point
that it interferes with well-being, is associated with
negative mood and increased loneliness (Leary et al.,
2009; Li & Tang, 2021). For example, Larson (1990)
collected over 750 observations across a week and found
that being alone is generally unpleasant for adolescents,
with a quadratic pattern: both too much and too little time
alone were linked to higher loneliness. These findings are
supported by Coplan et al. (2021a), who showed that
insufficient or excessive solitary time can negatively
affect cognitive, social, and emotional development.

This research establishes that solitary time can be a
lonely experience, but that some solitary time is essential
(Coplan et al., 2021a; Larson, 1990). Solitary time is an
integral part of the “individuation/separation” process,
where adolescents start to create their own identity,
separate from their parents’ (Majorano et al., 2015;
Rotenberg et al., 2008). Spending appropriate and non-
excessive amounts of time alone does not necessarily
increase loneliness (Nilsson et al., 2006), as loneliness
and aloneness are distinct states (Buchholz & Catton,
1999). Weinstein et al. (2021) found that teenagers can
obtain an increased sense of autonomy and feelings of
peace by spending time alone. After reviewing the
relevant literature, Coplan and colleagues (2021b)
proposed that adolescents may experience either positive
or negative emotions (i.e., loneliness) during solitary
time, depending on both the amount of time they spend
alone and what they do while alone. Because solitary time
is closely linked to loneliness in adolescence, it should be
controlled for in analyses examining whether the amount
of digital technology use is associated with feelings of
loneliness.

This study has two goals. First, it examines the
association between adolescents’ engagement in digital
technology during solitary time and their perceived
loneliness. Second, it investigates whether the amount of
time adolescents spend alone influences this association.
Specifically, the study considers whether solitary time
itself contributes to loneliness, which may help explain
why technology use is often linked to loneliness and
clarify how these factors interact. It is hypothesized that
digital technology use will show a small positive
association with loneliness, consistent with prior research
on smartphone use, television viewing, and internet use
(Atarodi et al., 2020; MacDonald & Schermer, 2021;
Muusses et al., 2014; Yal¢in et al., 2020). Furthermore, it
is expected that the association between technology use
during solitary time and loneliness will be reduced or
disappear when controlling for the amount of time
adolescents spend alone. This prediction aligns with the
social displacement hypothesis, which suggests that both
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active and passive technology use may contribute to
loneliness primarily because it increases the time
adolescents spend alone, rather than directly causing
loneliness.

Methods
Participants

Fifty-eight English-speaking adolescents (30 girls, 26
boys, 1 non-binary, 1 genderqueer) residing in Canada
participated in a 2-year longitudinal study. The current
study analyzed data from the first wave of responses.
Participants were 11 to 18 years old (M = 14.9, SD = 2.0)
at the time of the first wave. Data were collected online.

Participants were recruited through a combination of
convenience sampling and recruitment centers.
Convenience sampling involved inviting individuals who
had participated in previous studies associated with the
laboratory. Recruitment centers contacted families from a
database of households with children and adolescents in
Canada.

Participants’ responses were screened for missing
data, anomalies, and outliers. One participant was
excluded because all data for the variables of interest
were missing. Another participant, a 14-year-old boy,
reported an implausible amount of solitary digital
technology use, spending 14 hours per day, consisting of
12 hours listening to music and 2 hours watching Netflix,
and was also excluded. After applying these criteria, 56
participants were included in the analyses.

Procedure

This study was approved by McGill University’s
Research Ethics Board (Tier III). Parents of participants
submitted an electronically signed informed consent form
along with a demographic questionnaire. Demographical
information included: their child’s gender (boy, girl,
other), ages of siblings (if any), language(s) spoken in the
home, and educational attainment of both parents. All
questions were open-ended.

Once consent was received, participants joined an
online video call with a researcher, where they provided
verbal assent prior to beginning the session. Participants
were then asked to answer a series of questions using the
Qualtrics online survey platform. Each participant
completed a single session lasting approximately 2.5
hours, during which the researcher was readily available
to answer any questions. The first call was in November
of 2021, and the sessions consistently continued until
October of 2022.

Measures of Interest
Loneliness

The Loneliness and Aloneness Scale for Children and
Adolescents (Marcoen et al., 1987) was used to measure
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feelings of loneliness. This measure contains 4 subscales,
with 12 items in each, resulting in 48 total items. The 4
subscales were loneliness towards peers, loneliness
towards family, positive preferences for being alone, and
negative preferences for being alone. Items included
statements such as “I think I have fewer friends than
others” and “My parents make time to pay attention to
me”, to which participants responded on a Likert scale
ranging from 1 (often) to 4 (never). I used the peer- and
parent- related loneliness subscales to assess feelings of
loneliness in adolescents. These subscales showed good
internal consistency (o =.89). The scores of the six items
within each subscale were summed to calculate the
participant’s total score for that factor. These subscale
scores were then summed to calculate the overall
loneliness score for each participant.

Technology Use During Solitary Time

Adolescents often use multiple types of digital
technology at the same time, which makes it difficult to
categorize their activities precisely. For instance, Bentley
et al. (2015) found that teens use nearly 10 different
communication apps each day, showing how complex
their technology use can be. To account for this overlap,
the present study treated all technology-based activities as
a single category rather than dividing them into separate
types. This approach provides a more accurate
representation of how adolescents actually use
technology during solitary time. The Solitary Preferred
Activities Scale assessed the activities adolescents engage
in during solitary time and the amount of time spent on
each activity. Participants were asked, “What do you like
to do most when you are alone or by yourself? Not
including sleeping” and “How much time a day do you
spend on this activity?” Each participant answered these
two questions three times, providing three preferred
solitary activities and corresponding time estimates. All
responses were entered as text in response boxes.

Activities reported by participants during solitary time
were classified into two categories: technology use and
non-technological activities. This classification was
informed by the framework of Dienlin and Johannes
(2020), which distinguishes between active engagement
with digital technology, where the participant is the
primary agent interacting with the device, and passive or
incidental use, where technology is not the main focus.
Technology use in this study included non-educational
activities in which the participant’s primary engagement
was with digital devices, such as playing video games or
actively browsing social media (e.g., posting or
messaging). Non-technological activities included all
activities that did not involve digital technology, such as
daydreaming or doing art, as well as activities in which
technology was used passively or incidentally, listening to
music or doing art while listening to music. These
activities were classified as non-technological because the
primary focus was not the digital device. For the analyses,
the time spent in each category was quantified by
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summing the duration of activities classified under each
type. Classification was conducted by the researcher
based on participants’ activity descriptions.

When participants reported a range of time for an
activity, the duration was recorded as the midpoint of that
range. For example, if a participant reported spending two
to three hours on an activity, it was recorded as 2.5 hours
to represent their time spent on that activity.

Time Spent Alone

The Time Spent Alone Scale was used to measure how
many periods of at least 15 minutes adolescents spent
alone each day. The main questions were: “How many
times are you alone during the day for at least 15
minutes?” and “How many times are you alone during the
week?” Response options were multiple choice, ranging
from 1 to 6, with each integer representing a period of at
least 15 minutes spent alone. For this study, solitary time
was defined as the number of daily periods in which a
participant reported being alone for at least 15 minutes.

The daily measure was selected over the weekly
measure to provide a more precise view of adolescents’
routine solitary experiences and to reduce recall bias,
which can increase when participants are asked to
estimate solitary episodes over an entire week.

Plan of Analysis

Two analyses were conducted to examine technology
use during solitary time in relation to adolescents’
perceptions of loneliness. First, a Pearson correlation was
used to assess the association between self-reported
digital technology use during solitary time, measured in
hours per day, and loneliness, measured as a continuous
total loneliness score. The Pearson correlation was
chosen because both variables are continuous and
appropriate for assessing linear associations. Second, a
partial correlation was conducted to examine the
association between technology use and loneliness while
controlling for the potential confounding influence of
solitary time.

Results
Descriptive Statistics

Analyses were conducted using IBM SPSS Statistics
(Version 29; IBM Corp., Armonk, NY). Participants
reported being alone for an average of 3.2 periods of at
least 15 minutes per day (M = 3.2, SD = 1.5) and spent an
average of 2.7 hours per day using digital technology (M
= 2.7, SD = 2.7). The data were screened for anomalies
and outliers prior to analysis.

Most participants (n = 48, 86%) reported engaging in
at least one digital technology activity among their
preferred solitary activities. On average, participants
spent 42 minutes more on digital technology activities (M
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2.7 hours, SD 2.7) than on non-technological
activities (M = 2.0 hours, SD = 1.9).

Associations Between Technology Use and Loneliness

A Pearson correlation was conducted to examine the
association between time spent using digital technology
during solitary time and adolescents’ perceptions of
loneliness. The analysis indicated a moderate positive
association between technology use and loneliness
according to Cohen’s criteria (7(54) = .33, p =.013).

A partial correlation was conducted to examine the
association between digital technology use during solitary
time and loneliness while controlling for time spent alone.
The analysis indicated a negligible, non-significant
association between technology use and loneliness

(pr(53)=.21,p=.12).
Discussion

Solitary time can have both positive and negative
effects, including loneliness. Adolescents’ experiences
depend on the amount of time spent alone and how that
time is used (Coplan et al., 2021b). Total time alone may
influence the link between digital technology use and
loneliness. This study first examined whether using
digital technology during solitary periods is associated
with loneliness and then whether overall time spent alone
might account for this association.

Digital Technology Use and Loneliness

The results suggest that greater digital technology use
during solitary time is associated with higher levels of
loneliness in adolescents. This finding aligns with
previous research, which has generally reported modest
associations between technology use and feelings of
social isolation (Atarodi et al., 2020; MacDonald &
Schermer, 2021; Yalgin et al., 2020).

Prior research has often focused on more extreme
forms of technology use, such as compulsive internet use
or smartphone addiction (Dienlin & Johannes, 2020;
Kraut et al., 1998; Yalgin et al., 2020), whereas the
present study examined typical, everyday use, specifically
during periods of solitude. For example, MacDonald and
Schermer (2021) conducted a year-long analysis of screen
time and adolescent loneliness, defining screen time
broadly as the use of various digital technologies,
including television, gaming consoles, and smartphones.
Their study highlighted the challenges of treating digital
technology use as a single category, given the variability
of activities, which makes it difficult to draw clear
inferences. These findings suggest that future research
should examine specific forms of digital technology use
rather than grouping all digital activities together, in order
to better understand how different types of technology
relate to loneliness.
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Digital Technology Use and Loneliness with

Consideration for Solitary Time

Regarding the second objective, I predicted that the
association between digital technology use and loneliness
would become non-significant when controlling for time
spent alone. This prediction was informed by two areas of
research. First, spending more time alone has consistently
been linked to higher levels of loneliness (Larson, 1990;
Leary etal., 2009; Li & Tang, 2021). Second, digital
technology use may influence loneliness, though the
effects vary depending on the type of technology and how
it is used. The social displacement hypothesis suggests
that time spent on digital media can reduce face-to-face
interactions, potentially increasing loneliness (Hall &
Liu, 2022). Together, these findings support the
prediction that controlling for time spent alone may
account for the observed association between technology
use and loneliness.

The partial correlation analysis indicated that the
association between technology use and loneliness was
no longer significant when controlling for time spent
alone, suggesting that solitary time may account for the
observed link between technology use and loneliness.

Strengths, Limitations, and Implications

One potential limitation of this study concerns the
finding that the association between technology use and
loneliness became non-significant when controlling for
time spent alone. The self-reported measures of solitary
time were imprecise, recorded in minimum intervals of 15
minutes, which may not have accurately reflected the
actual durations. These factors could have affected the
reliability of the partial correlation and should be
considered when interpreting the results.

One strength of this study was that participants could
report their experiences directly through self-report
surveys, without relying on a parent’s interpretation. This
approach was also time- and cost-efficient, as no
interviewers were needed. Many questions were open-
ended, allowing participants to provide detailed answers,
such as their preferred solitary activities. At the same
time, self-report surveys have limitations. Participants
may misremember details or respond in ways that present
themselves more favorably, which could affect data
accuracy. Adolescents may also have difficulty estimating
time or fully understanding questions, reducing the
precision of their responses.

Another limitation was the method used to record
participants’  self-reports. The Solitary  Preferred
Activities Scale asked participants to type in their
preferred activities, resulting in a wide variety of
responses that were difficult to classify consistently as
technology use or non-technology use. For example,
some participants reported listening to music, but it was
unclear whether a device was actively used. Open-ended
text boxes for reporting time also allowed for vague or
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imprecise estimates. Using multiple-choice options with
defined time intervals could improve accuracy and reduce
variability in reporting. Additionally, another researcher
could have independently classified participants’ reported
activities, which would have allowed for the calculation
of inter-rater reliability and strengthened the
trustworthiness of the classification between technology
use and non-technological activities.

Low statistical power also limited our ability to
interpret the non-significant findings. This was partly due
to the sample being restricted to English-speaking
participants in Canada and partly due to time constraints.
Conducting this study with a larger sample could provide
more data and increase the likelihood of detecting
significant effects.

This study found a significant positive correlation
between digital technology use during solitary time and
adolescents’ perceptions of loneliness. While prior
research generally supports a link between technology
use and loneliness, evidence for mechanisms like social
displacement is mixed. Considering solitary time as a
factor helps clarify how technology use may relate to
loneliness during periods when adolescents are alone.

Future Directions

The subject matter of this study may inspire further
research on the potential negative impact of digital
technology on the mood-related effects of solitary time.
Additional research could help identify which activities
are most beneficial for adolescents during periods of
being alone, and whether digital technology use should be
encouraged or limited. Future studies could also focus on
identifying and accounting for potential confounding
variables in the association between digital technology
use and loneliness.

Conclusion

This study examined whether greater digital
technology use was linked to higher loneliness and
whether this association remained after accounting for
solitary time. Although a significant positive relationship
initially emerged, it was no longer significant when
solitary time was controlled for. These findings highlight
the importance of considering contextual factors when
evaluating the impact of technology use. Future research
should use larger samples and explore additional
moderating variables, such as type of technology use,
social support, and personality traits, to clarify when and
how digital technology use may influence loneliness.
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