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Abstract

Fears that digital technologies harm adolescents’ mental health abound; however, existing research is mixed. This study
examined how perceived technological impairment (i.e., perceptions of digital technology interfering with daily life) related to
psychological distress across five years in adolescence. A latent curve model with structured residuals was applied to disentangle
between-from within-person associations, in which it was tested whether (a) adolescents who increased in their perceptions of
technological impairment over time also increased in psychological distress (between-person) and (b) if an adolescent who
reported greater perceptions of technological impairment relative to their underlying trajectory at one wave consequently
reported greater distress at the subsequent wave (within-person). These associations were tested in a sample of 2104 adolescents
(Mg = 12.36; 52% girls; 48% Non-White). Perceived technological impairment and psychological distress increased together
over time. Girls and older adolescents (13—15 at baseline) reported greater initial levels of perceived impairment. Younger
adolescents (9—12 at baseline) increased more steeply in perceived impairment over time. There was no evidence of longitudinal
within-person associations. The findings suggest that although there is evidence of between-person associations in which
increases in perceived technological impairment coincide with increases in psychological distress, the absence of within-person
associations cautions against a cause-and-effect narrative between digital technology use and mental health.

Keywords Digital technology - Problematic digital technology use * Psychological distress * Well-Being * Mental health

Introduction longitudinal designs and more nuanced and rigorous analytic

approaches. Moreover, many studies examine adolescents’

Depressive symptoms have increased among adolescents in
recent years (Keyes et al., 2019), prompting fears that new
media such as social media and smartphones is a root cause
(Twenge et al., 2018). Most studies reporting associations
between poorer mental health and digital technology use rely
on cross-sectional data, which hampers the ability to under-
stand directionality of effects (as reviewed by Odgers & Jensen,
2020) and highlights the need for studies that apply
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reports of digital technology use, whereas their perceptions of
how digital technology is impairing daily life activities is often
more strongly associated with well-being outcomes (Marino,
2018). As such, there is a need to further understand how
adolescents’ perceptions of digital technological impairment
change over time and how these perceptions relate to adoles-
cents’ mental health. This study advances prior research by
integrating longitudinal assessments of adolescents’ perceived
digital technological impairment and psychological distress,
with the prospective repeated assessments allowing the testing
of (1) how adolescents’ changes in perceived impairment
related to changes in psychological distress over time, and (2) if
there were within-person dynamic linkages between perceived
technological impairment and psychological distress.

Disentangling Digital Technology Use from Digital
Technological Impairment

Digital technology use is often defined as adolescents’
engagement with mobile phones and the online world.
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Meta-analytic evidence suggests weak to null associations
between digital technology use and poorer well-being
(Ferguson et al., 2022). Researchers have argued that
instead of examining associations between well-being and
general digital technology use, specific components of
digital technology use should be investigated (Odgers &
Jensen, 2020), particularly as self-reported measures of
digital technology use are often only weakly correlated with
objective assessments (Parry et al., 2021). Prior research
with this sample has demonstrated few robust linkages
between digital technology use and adolescents’ mental
health symptoms, including when the data are examined
cross-sectionally (George et al., 2020) and repeatedly in
daily life (Jensen et al., 2019). This study turns away from
measuring hours and minutes spent on smartphones and
social media, and towards adolescents’ perceptions of
whether and how their time spent with digital technology is
impairing their health and social relationships.

The degree to which digital technology use is perceived
as problematic is distinct from reported high levels of digital
technology use (Marino, 2018). High levels of digital
technology use is not necessarily synonymous with this use
being problematic or impairing, as many adolescents
engage in high levels of digital technology use without
reporting that this use is problematic (Boer et al., 2022a).
Adolescents engage with digital technologies for hours each
day (Rideout et al., 2022), and such use can be classified as
normative for contemporary adolescents. Adolescents who
engage very little with digital technologies may be socially
distant from their peers (Moreno & Jolliff, 2022), as digital
technologies such as social media may be a primary avenue
for adolescents’ social lives to unfold (boyd, 2014).
Because of this, the lack of or very low digital technology
use may serve as a marker of deficits in psychosocial
functioning. Overall, it may be more fruitful to study how
elements of digital technology use, rather than sheer fre-
quency, relate to psychological functioning. To this end,
one body of research targets perceptions of how digital
technology interferes with daily life.

Numerous studies targeting adolescents have examined
problematic digital technology use, also conceptualized as
digital technology dependence or addiction. However, past
research is often plagued by theoretical, conceptual, and
methodological inconsistencies and weaknesses (e.g., Lee
et al., 2017). Although claims of how digital technologies
are addictive are common, researchers have cautioned
against the application of an addiction framework (e.g.,
Panova & Carbonell, 2018) especially given the lack of
evidence that digital technology use shares the same
addictive properties as disorders that are widely accepted as
addictions (e.g., alcohol use disorder). A popular view is
that digital technology is harmful to adolescents (Lanette
et al., 2018). As described above, although most studies do

not find robust evidence for harm, it is nonetheless possible
that the widespread belief that digital technology use is
harmful may amplify associations between digital technol-
ogy use and well-being. For example, for Facebook users,
associations between greater Facebook use and poorer well-
being are observed only for those who believe Facebook is
bad for well-being (Ernala et al., 2022). Thus, it is important
to examine the extent to which adolescents perceive that
digital technology is interfering with daily life activities,
and how these perceptions relate to well-being. The fol-
lowing section describes the importance of adapting a per-
ceptions framework, how each of aspect of perceived
impairment was measured, and the motivation for doing so.

The Measurement of Perceived Technological
Impairment

In the current research, technological impairment was
operationalized by the degree to which adolescents per-
ceived that digital technology affected their daily life, ver-
sus measuring objectively-recorded impacts of digital
technology on their daily lives. As an example, adolescents
were asked the extent to which they were short of sleep due
to being on their phone or the internet late at night. The
biological changes accompanying adolescence are asso-
ciated with a delay in sleep onset (Hagenauer et al., 2009),
which may be exacerbated by device use (Alonzo et al.,
2021). For example, adolescents may stay up late using
devices instead of going to sleep, wake up in the middle of
the night to the sound of notifications, or experience
heightened issues with falling asleep due to exposure to
psychophysiologically arousing digital content (LeBour-
geois et al., 2017). In the absence of objective data, there is
a reliance on how adolescents perceive these issues, rather
than calculating the extent to which sleep-impairing tech-
nology use occurs (e.g., how often an adolescent receives a
notification overnight, and if the receipt of this notification
is associated with objectively-measured sleep disruption).
Moreover, one adolescent who scrolls through social media
or watches videos before bed may perceive that they are
short of sleep because of these activities; another adolescent
who engages in the same activities may perceive that they
are not short of sleep from these activities as they consider
them to be a part of a normal nightly routine. In turn, these
differences in perceptions (versus actual use) may have
differential consequences for observed associations with
mental health indicators, as studies have repeatedly shown
that perceptions of digital technology use being problematic
tend to be more strongly associated with mental health than
general use (Marino, 2018).

In addition to sleep, the measure of perceived technolo-
gical impairment included perceptions of attachment and
dependence on digital technology, interference on social
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relationships, and use of digital technologies to relieve
negative emotions. These aspects of perceived technologi-
cal impairment may be important to study for adolescents in
particular. Many affordances of digital technology are
developmentally attractive to adolescents (Nesi et al., 2018),
and these affordances may both enhance and detract from
adolescents’ normative developmental experiences. One
key experience is the facilitation of peer connections and
romantic relationships (Brown & Larson, 2009). Digital
technologies are used as a tool to communicate with both
peers and romantic partners (Ehrenreich et al., 2020), and
adolescents report that digital technologies are a critical
lifeline to their friends (boyd, 2014). Because of the utility
of digital technologies to fulfill this central developmental
task, adolescents may face increasing attachment to their
devices. There is also concern that digital technology use is
displacing the in-person time that adolescents would spend
with these individuals (boyd, 2014). This includes opting to
engage with digital technologies in lieu of in-person con-
nection (Vilhelmson et al., 2018), and/or engaging with
digital technologies while in-person with others (McDaniel,
2015). The current study assessed these perceived
technology-induced impairments by measuring adolescents’
reported difficulties ceasing digital technology use, irrit-
ability when digital technology cannot be used, and choices
to use digital technologies instead of engaging in daily
obligations or spending time with others. Finally, adoles-
cence is a period of navigating numerous biological, aca-
demic, and socioemotional changes, which in turn coincide
with increases in depressive symptoms, particularly for girls
(Kouros & Garber, 2014). This prompts a need to develop
and practice healthy coping strategies (Zimmer-Gembeck &
Skinner, 2011), and adolescents may be particularly likely
to turn to the media as a coping strategy (Eschenbeck et al.,
2018), which in turn can have mixed results on well-being
(Wolfers & Schneider, 2021.

Previous research with this sample indicates that nearly
all adolescents perceive some degree of technological
impairment (George et al., 2020), and, in line with other
studies (e.g., Raudsepp, 2019), perceived technological
impairment increases over adolescence (Burnell et al.,
2022). It remains unclear to what extent initial levels, rates
of change, or within-person changes in perceived techno-
logical impairment are linked to mental health symptoms.
This longitudinal prospective design was leveraged to test
how adolescents’ perceived technological impairment was
related to psychological distress both concurrently and
across adolescence. Understanding whether adolescents’
perceived technological impairment and levels of psycho-
logical distress are simply co-occurring versus related
dynamically across this period represents an important step
in understanding what the documented high levels of per-
ceived impairment may mean for adolescents’ well-being.

@ Springer

Is Adolescents’ Perceived Technological Impairment
Associated with Their Well-being?

Digital technology use that is perceived as problematic is more
strongly linked to poorer well-being than are more basic
reports of digital technology use and time spent on screens and
devices (Davidson et al., 2022). The current research exam-
ined well-being in the context of psychological distress,
defined as adolescents’ depressive and anxiety symptoms over
the past month. Over time, there may be bidirectional linkages
between perceived technological impairment and psychologi-
cal distress. Perceived impairment may signal poorer well-
being, in which those with greater depressive and anxiety
symptoms may be more likely to turn to digital technology to
assuage these problems (Kardefelt-Winther, 2014). Thus,
greater psychological distress may be prospectively linked
with greater perceived technological impairment. On the other
hand, those who report greater perceived impairment may
have experiences that have known linkages with poorer well-
being (e.g., harmful social comparisons; Boer et al., 2022b),
and/or displace activities and behaviors that are known to
enhance well-being. For example, an adolescent who reports
using digital technology instead of connecting with others in-
person may not receive the benefits of in-person social con-
nection (Vilhelmson et al., 2018). Therefore, greater perceived
technological impairment may be prospectively linked with
greater psychological distress. Longitudinal evidence for
bidirectional associations has been mixed. Although there is
some support that problematic digital technology use both
predicts and is predicted by poorer well-being (e.g., Gimez-
Gaudix, 2014), there is also evidence for a unidirectional
association, with problematic digital technology use pro-
spectively associated with poorer well-being (e.g., Ciarrochi
et al., 2016).

The current research utilized latent curve modeling to
assess both trajectories of, and associations between, adoles-
cents’ perceived technological impairment and psychological
distress. Latent curve models with structured residuals (Curran
et al., 2014) have the advantage of separating between-person
associations (as modeled by trajectories of impairment and
distress) from within-person associations (as modeled by
cross-lagged associations of impairment and distress). Since
problematic digital technology use (Raudsepp, 2019) and
internalizing problems such as depressive symptoms (Kouros
& Garber, 2014) tend to increase over adolescence, simulta-
neously modeling the trajectories of perceived technological
impairment and psychological distress can determine the
extent to which these changes are interrelated. Indeed, support
for these associations has been found (e.g., Raudsepp, 2019).
However, positive interrelations between trajectories of
impairment and distress do not necessarily indicate that an
adolescent who reports greater perceived impairment at one
wave relative to their underlying trajectory will also report
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increases in psychological distress at the next wave (within-
person associations; see also Fisher et al., 2018).
Increasingly, studies demonstrate that associations
between general digital technology frequency and poorer
well-being are limited to the between-person level, with
within-person linkages that are weak (Orben et al., 2019),
null (Coyne et al., 2020) or highly heterogeneous (Valk-
enburg et al., 2021). Less research has distinguished within-
from between-person associations for problematic digital
technology use. There is evidence from large studies among
adolescents of within-person associations in which greater
problematic use relative to one’s average is associated with
poorer well-being (but not vice versa; e.g., Boer et al.
2021); however, support is not universal (Takahashi et al.,
2022). These mixed associations point to a need to under-
stand interrelations more fully between changes in adoles-
cents’  perceived technological impairment and
psychological distress, with special attention to distinguish
between- from within-person associations. The current
research tested how the trajectories of perceived technolo-
gical impairment and psychological distress may be inter-
related (between-person associations) and if there were
significant cross-lagged associations between perceived
impairment and distress (within-person associations).

Age and Sex as Moderators

Developmental period may relate to how adolescents
experience digital technologies (e.g., Orben et al., 2022).
Several properties of digital technologies may result in
greater perceived impairment for younger adolescents (aged
9-12) compared to middle adolescents (aged 13-15). For
example, younger adolescents have fewer digital skills
(Livingstone & Helsper, 2010) which may increase their
chances of encountering problematic and risky content.
Moreover, earlier adolescents demonstrate lower inhibitory
abilities than later adolescents (Atherton et al., 2020), and
may have greater difficulty regulating their technology use.
On the other hand, mid-adolescents place greater impor-
tance on peer status (LaFontana & Cillessen, 2010), and
therefore may be more sensitive to quantifiable indices of
peer approval (Nesi et al., 2018), and have greater chal-
lenges disengaging from use. Moreover, although greater
use does not equate with greater impairment, digital media
use increases with age (Rideout et al., 2022). For some
adolescents, this greater use may result in the displacement
of numerous important activities (e.g., sleep) which in turn
may increase perceptions of impairment. Potential differ-
ences by age group were examined as exploratory.

Girls have reported stronger negative emotional experi-
ences to digital content compared to boys (Nesi et al.,
2021). Girls may be more vulnerable to social comparison
and feedback seeking processes (Nesi & Prinstein, 2015),

online interpersonal conflict (Marwick & boyd, 2014), and
cybervictimization (Baldry et al., 2015). Together, these
results suggest that girls may perceive greater technological
impairment, which is supported by previous studies exam-
ining problematic digital technology use (Marino et al.,
2018).

Current Study

To advance the mainly cross-sectional research examining
linkages between adolescents’ perceived technological
impairment and problematic use and mental health, the
following research questions were posited. First, were
adolescents with higher levels of perceived technological
impairment more likely to report higher levels of psycho-
logical distress, both at the between-person level (associa-
tions between trajectories) and the within-person level
(cross-lagged associations)? By disentangling between-
from within-person associations, it can be tested if adoles-
cents who reported greater perceived technological impair-
ment relative to their underlying trajectory reported greater
psychological distress at the subsequent wave. Second, did
adolescents’ trajectories and associations between perceived
technological impairment and psychological distress differ
by age group and/or sex? By examining moderation by age
group and gender, it can be determined if linkages vary
based on key individual differences. It was expected girls
would report greater perceived technological impairment
and increase more steeply in their perceptions of impair-
ment over time. Age-related differences in associations
were treated as exploratory.

Methods
Participants

A representative sample of 2104 adolescents was drawn from
North Carolina Public Schools using administrative data from
the North Carolina Department of Public Instruction. At
baseline (Wave 1, 2015), participants were in Grades 5-8
(ages 9-15, Mg = 12.36, SDyo = 1.12; 52% girls). Adoles-
cents were representative of the larger public school statewide
population in terms of economic disadvantage, sex, and eth-
nicity (Rivenbark et al., 2019). The racial/ethnic distribution
was 52% Non-Hispanic White, 23% Non-Hispanic Black,
15% Hispanic, and 10% Multiracial/Other. Fifty-six percent
of participants were classified as being economically dis-
advantaged at least once according to their annual adminis-
trative records dating back to the third grade. Participants
were initially recruited via telephone and completed the
baseline surveys over the phone if their parent(s) consented
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and they assented to the study. Consent procedures and sur-
veys for the subsequent waves were conducted online. At
each stage of the study, participants completed a battery of
surveys, including those utilized in the current research. All
study procedures were approved by the Duke University
Institutional Review Board.

Seven hundred and thirty-one adolescents participated in
Wave 2 (2017), 702 participated in Wave 3 (2018), and 891
participated in Wave 4 (2020; 486 participated in all four
waves). To assess if the population representativeness of the
original sample on key demographic, psychosocial, and
academic variables changed due to participant dropout in
later waves, differences between adolescents who com-
pleted only the baseline survey (n = 1006) and those who
completed at least two waves of the study (n = 1098) are
reported in Table 1. Those who completed two or more
waves of the study were more likely to be younger, female,
white (compared to Hispanic), not economically dis-
advantaged, and higher academically achieving. Full
Information Maximum Likelihood estimation was used to
retain the full sample of N=2104 in the analyses and to
adjust for missingness due to bias in estimation from
selective attrition over the course of the study.

Measures
Perceived technological impairment

Perceived technological impairment was measured based on
adolescents’ reports of six items adapted from previous

research (Demetrovics et al.,, 2008; Morahan-Martin &
Schumacher, 2000; Young, 1999) that assessed how they felt
technology may be impairing aspects of their daily life (see
Table 2 for full item list). Items were answered using a
0-2 scale (0 = Never, 2 = Often; o’s = (0.70-0.80). Standar-
dized loadings were consistently satisfactory across all four
waves (all loadings above 0.40; average loading = 0.59).

Psychological distress

Psychological distress was measured based on adolescents’
responses to the 6-item Kessler Psychological Distress Scale
(Kessler et al., 2002), which assesses a range of symptoms
relevant to depressed mood, motor agitation, fatigue, worth-
less guilt, and anxiety. Items were answered using a 0—4 scale
(0 = None of the time, 4 = All of the time), and a sample item
includes, “During the past 30 days, about how often did you
feel worthless?” (a’s =0.65-0.87). Previous research has
demonstrated that this measure is highly valid in measuring
emotional disturbance in adolescence (Green et al., 2010).

Moderators

Participants reported their sex and age (verified by birth-
date) at baseline.

Variables for attrition analyses

Administrative data were collected for family economic
disadvantage, math test scores, and reading test scores.

Table 1 Sample characteristics

@ Springer

Total sample Baseline only Two plus waves )4
(N=2104) (n=1006) (n=1098)
Sex 52% female 49% female 55% female 0.007
Race 52% White 46% White 56% White <0.001
23% Black 24% Black 21% Black
15% Hispanic 18% Hispanic 12% Hispanic
10% Multi/Other 11% Multi/Other 9% Multi/Other
Disadvantage 56% 64% 49% <0.001
Age (Baseline) 12.36 (1.12) 12.43 (1.12) 12.30 (1.12) 0.008
Math achieve 452.76 (10.30) 450.79 (10.58) 454.52 (9.72) <0.001
(Baseline)
Read achieve 456.56 (11.43) 454.59 (11.79) 458.33 (10.82) <0.001
(Baseline)
Neigh quintile 2.97 (1.41) 2.79 (1.37) 3.10 (1.42) <0.001
(Baseline)
Distress (Baseline) 1.88 (0.61) 1.91 (0.63) 1.86 (0.59) 0.080
Ext problems 0.13 (0.22) 0.15 (0.24) 0.12 (0.20) 0.008
(Baseline)
Impairment (Baseline) 0.63 (0.42) 0.64 (0.42) 0.63 (0.42) 0.330

p-value reflects differences between the baseline only sample and those who completed two or more waves

of the study
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Table 2 Item endorsement by wave

Endorsement

Wave 1 2 3 4

1. Do you find it difficult to stop using technology, such as the internet or your mobile phone, once you start? T77% 81% 81% 87%
2. Are you short of sleep due to being on your phone or the internet late at night? 53% 60% 61% 72%
3. Do you neglect your daily obligations (school, family, friends) because you are using technology? 43% 45% 48% 58%
4. Do you feel restless, frustrated, or irritated when you cannot access the internet or check your mobile phone? 53% 62% 62% 67%
5. Do you use technology to escape from your sorrow or get relief from negative feelings? 44% 61% 63% T19%
6. Do you choose to spend more time online over going out with others? 36% 47% 52%  54%

Endorsement reflects percentage of participants who answered ‘1’ or 2’ on 0-2 response scale at each wave (0= Never, 1 = Sometimes,

2 = Often)

Fig. 1 Latent curve model with
structured residuals. TI
perceived technological
impairment, DIS distress, Int
intercept, Slp Slope

Family economic disadvantage was assessed from school
administrative records beginning in the third grade and
going through 2015, which indicated low-income family
status based on income verification. Data were available for
2042 adolescents. Math achievement test scores were
available for 2019 adolescents and reading achievement test
scores were available for 2020 adolescents. Test scores were
from the 2014-2015 school year. Neighborhood quintile
was classified from census data for 1863 adolescents
(1 =Lowest neighborhood income, 5 = Highest neighbor-
hood income). Externalizing problems at baseline was
assessed with 25 items measuring aggressive and deviant
behavior over the past month (e.g., “Thrown something at
someone to hurt them”; o = 0.87; Miller-Johnson et al.,
2004). These variables, in addition to demographic vari-
ables, were chosen for attrition analyses in order to obtain a
complete profile of critical indicators of known correlates
with attrition, including SES (economic disadvantage,
neighborhood quintile), academic success (math and test

achievement scores), and psychosocial adjustment

(externalizing problems, in addition to internalizing pro-
blems as measured via psychological distress).

Analytic Plan

Research questions were tested using the latent curve model
with structured residuals (Curran et al., 2014), which has the
advantage of estimating both between-person (the underlying
trajectories of perceived technological impairment and psy-
chological distress) and within-person associations (auto-
regressive and cross-lagged associations between impairment
and distress). Through the modeled trajectories, changes in
perceived technological impairment and psychological dis-
tress were estimated over time, and tested how these changes,
as well as baseline levels, were associated. The within-person
associations tested whether adolescents who reported higher
levels of perceived technological impairment at one wave
were more likely to exhibit elevated psychological distress at
the next wave (and vice versa), above and beyond their
underlying trajectories of impairment and distress.
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Model building followed the guidelines outlined in
Curran et al., (2014), and all models were estimated in
Mplus (Muthén & Muthén, 1998-2017). Intercept-only
models for perceived technological impairment and distress
were first estimated separately and tested if the addition of a
linear slope improved model fit. Model fit was assessed
using the cutoff criteria suggested by Hu & Bentler (1999):
0.06 for RMSEA, 0.95 for CFI, and 0.08 for SRMR. To
account for unequal intervals between waves, factor load-
ings in the growth models were fixed as follows: Wave
1=0, Wave 2=2, Wave 3 =3, and Wave 4 = 5. Next,
autoregressive paths among the residuals were included.
Then, models were combined into a single bivariate latent
curve model, with covariances between impairment and
distress included for all waves. Finally, cross-lagged paths
were added (Fig. 1). Chi square difference tests assessed if
each subsequent model improved model fit over the pre-
vious model. Follow-up models included age group
(younger adolescents aged 9-12, n=1145; older adoles-
cents aged 13—15, n =959) and sex (male n = 1008; female
n=1096) as predictors of the intercepts and slopes' of
perceived technological impairment and psychological dis-
tress (Curran et al., 2014). For the purposes of transparency,
please note that all results of the conducted analyses rele-
vant to the current research are reported. No data exclusions
were made and all relevant measures are noted.

Results

Participant endorsement of each perceived technological
impairment item is in Table 2. Descriptively, a greater
proportion of adolescents endorsed each item across time.
The percentage point increase in item endorsement from
Wave 1 to Wave 4 was relatively consistent across items
(ranging from an increase of 10—19 percentage points), but
there was a particularly sharp increase in reports of using
digital technology for coping (increasing from 44% of
participants at Wave 1 to 79% of participants at Wave 4).
To ensure that these results are not based on selective
attrition, item endorsement for the 486 adolescents who
participated in all four waves was confirmed to be nearly
identical (see supplement). Additionally, perceived tech-
nological impairment item endorsement was examined by
age, in which the proportion of adolescents between ages 10
to19 who endorsed each item was examined regardless of
wave (ages 9 and 20 were omitted due to low sample sizes).

! Multiple group models tested if within-person associations varied by
age group and sex. There was no evidence of moderation; however,
there were numerous convergence issues and results should be inter-
preted cautiously.

@ Springer

Full results are in the supplement. To summarize, item
endorsements increased as adolescents aged for all six
items. Sleep difficulties from digital technology and using
digital technology to cope were particularly likely to
increase. For example, sleep difficulties from digital tech-
nology increased fairly sharply from age 10 (endorsed by
37% of participants) to age 14 (endorsed by 62% of parti-
cipants), with a slower increase observed through age 19.
Similarly, using digital technology to cope increased fairly
sharply from age 10 (endorsed by 43% of participants) to
age 15 (endorsed by 67% of participants), and stayed
somewhat level through late adolescence.

Descriptive statistics and correlations are reported in
Table 3. Moderate-to-strong cross-sectional associations
were observed between impairment and distress at all
waves. Model fit results are in Table 4. Adding within-
person cross-lagged associations to the combined bivariate
latent curve model did not significantly improve model fit,
and the most parsimonious model was the bivariate latent
curve model with the autoregressive paths included and
cross-lagged paths excluded. This suggests no evidence of
within-person associations. Several between-person asso-
ciations were observed, as evident by associations among
the intercepts and slopes (Table 5).

First, adolescents increased on both their perceived
impairment and psychological distress across the five-year
period. Adolescents’ perceived technological impairment
slope (p = 0.52) and psychological distress slope (f = 0.66)
were both positive and significant, demonstrating increases
in both perceived impairment and psychological distress
over time. The perceived technological impairment inter-
cept (baseline impairment) and slope (rate of change across
the five years) were negatively correlated (= —0.56),
indicating that adolescents who reported higher perceived
impairment at Wave 1 experienced a slower increase in their
impairment over time. The intercept and slope for psycho-
logical distress were not significantly correlated
(B=-0.11).

Second, adolescents’ patterns of change in perceived
technological impairment and psychological distress were
related to each other across the five-year period. That is,
adolescent initial starting points of perceived technological
impairment and psychological distress were positively
correlated (B =0.62), indicating adolescents who reported
higher impairment at Wave 1 also reported higher distress.
Moreover, adolescents’ perceived technological impairment
intercept and psychological distress slope were negatively
correlated (p = —0.10), indicating that adolescents who
reported higher impairment at Wave 1 reported less steep
increases in psychological distress over time. Likewise, the
psychological distress intercept and perceived technological
impairment slope were negatively correlated (f = —0.34),
indicating that adolescents who reported higher distress at
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Table 3 Correlations and
descriptive statistics

Table 4 Changes in model fit

1 2 3 4 5 6 7 8
1. TI1 -
2. TI2 0.40 -
3. TI3 0.36 0.57 -
4. TI4 0.23 0.44 0.50 -
5. DIS1 0.33 0.20 0.18 0.09 -
6. DIS2 0.26 0.40 0.26 0.26 0.31 -
7. DIS3 0.20 0.30 0.36 0.31 0.26 0.61 -
8. DIS4 0.14 0.22 0.23 0.42 0.18 0.46 0.58 -
M 0.63 0.74 0.75 0.86 1.88 2.16 2.26 2.40
SD 0.42 0.46 0.48 0.45 0.61 0.85 0.89 0.88
% Missing <0.01% 65% 68% 61% 0% 65% 67% 60%

All correlations are significant at p <0.01

TI perceived technological impairment, DIS psychological distress

¥ df  Ayx* (Adf) Compare RMSEA CFI  SRMR

Impairment

1. Intercept 305.77 8 - - 0.13 048  0.16
2. Intercept with slope® 36.92 268.85% (3) 2vsl 0.06 094  0.06
3. Autoregressiveb 2.28 34.64* (3) 3vs?2 0.01 1.00  0.01
Distress

4. Intercept 663.33 8 - - 0.20 0.00 026
5. Intercept with slope® ¢ 93.10 570.23* (3) S5vs4 0.09 0.84  0.08
6. Autoregressive® 18.26 74.84% (3) 6vs 5 0.06 097 0.04
Combined

7. Autoregressive onlyf 29.36 12 - - 0.03 099 0.03
8. Cross-Lagged 21.67 6  7.69 (6) 8 vs 7 0.04 099  0.02

*p <0.001 in change of chi square

3Constraining the residuals to be equal significantly worsened model fit, Ay> (A3)=16.38, p<0.001;
therefore, a heteroscedastic residual structure was retained

bConstraining the autoregressive paths to be equal significantly worsened model fit, AX2 (A2)=25.11,
p <0.001; therefore, paths were allowed to vary

“Constraining the residuals to be equal significantly worsened model fit Ay* (A3)=55.61, p<0.001;
therefore, a heteroscedastic residual structure was retained

9Because model fit remained inadequate, a follow-up model adding a quadratic term was run. This model fit
well, XZ (1)=0.01, RMSEA = 0.00, CFI = 1.00, SRMR = 0.001. An inspection of the means indicated that
although psychological distress increased across all waves, this increase was especially steep between Waves
1 and 2. For simplicity, follow-up models are run with the quadratic term omitted

®Constraining the autoregressive paths to be equal significantly worsened model fit, Ay® (A2)=21.52,
p <0.001; therefore, paths were allowed to vary

fConstraining covariances to be equal significantly worsened model fit, sz (A3)=22.21, p<0.001;
therefore, covariances were allowed to vary

Wave 1 reported less steep increases in their impairment
over time. Finally, the perceived technological impairment
and psychological distress slopes were positively correlated
(B=0.45), indicating that, over time, as perceived

technological impairment increased, psychological distress
also increased. Collectively, these results provide evidence
for between-person associations between adolescents’ per-
ceived impairment and psychological distress.
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Table 5 Results from latent curve model with structured residuals

b SE p g
TI Intercept mean 0.64 0.01 <0.001 -
TI Intercept variance 0.13  0.03 <0.001 -
TI Slope mean 0.05 0.003 <0.001 0.52
TI Slope variance 0.01 0.002 <0.001 -
DIS Intercept mean 1.89 0.01 <0.001 -
DIS Intercept variance 0.14  0.10 0.163 -
DIS Slope mean 0.11 0.01 <0.001 0.66
DIS Slope variance 0.03 0.01 <0.001 -
TI Intercept with TI slope —-0.02 0.01 0.001 —0.56
TI Intercept with DIS intercept 0.08 0.01 <0.001 0.62
TI Intercept with DIS slope —0.01 0.003 0.047 —-0.10
TI Slope with DIS intercept —-0.01 0.003 <0.001 —-0.34
TI Slope with DIS slope 0.01 0.001 <0.001 0.45
DIS Intercept with DIS slope —-0.01 0.02 0.744 —-0.11
TI1 to TI2 -0.52  0.67 0436 —0.33
TI2 to TI3 029 0.06  <0.001 0.27
TI3 to TI4 0.04 0.11 0.751 0.06
DIS1 to DIS2 0.14 0.20 0.490 0.09
DIS2 to DIS3 038 0.06  <0.001 0.40
DIS3 to DIS4 -0.12  0.20 0532 054

Results are from Model 7 depicted in Table 4, with covariances
between impairment and distress included but cross-lagged paths
excluded

TI perceived technological impairment, DIS psychological distress

Very little evidence was found for within-person asso-
ciations. Only two significant within-person autoregressive
paths were found (between Waves 2 and 3). That is, after
accounting for adolescents’ underlying trajectories of per-
ceived technological impairment and psychological distress,
Wave 2 impairment was associated with greater Wave 3
impairment (f = 0.27), and Wave 2 distress was associated
with greater Wave 3 distress (p = 0.40). No associations
emerged between Waves 1 and 2, and Waves 3 and 4. As
the addition of the cross-lagged paths did not significantly
improve model fit, there was no evidence of longitudinal
within-person associations between perceived technological
impairment and psychological distress®.

2 A sensitivity analysis limiting the sample to the 486 participants who
completed all four waves was conducted, with the same general pattern
of results observed. The addition of cross-lagged paths did not sig-
nificantly improve model fit, suggesting no evidence of within-person
associations. The between-person associations among the intercepts
and slopes were generally the same, except that the association
between the impairment intercept and distress slope was no longer
significant (p =.173).

@ Springer

Age Group and Sex

Age group® was significantly associated with the perceived
technological impairment intercept (b =0.12, SE=0.02,
p<0.001, p=0.16) and slope (b=—-0.02, SE=0.01,
p=0.001, p=—0.13). Older adolescents reported higher
perceived technological impairment at baseline but
increased less steeply in their perceived impairment over
time compared to younger adolescents. The association
between age group and the psychological distress intercept
did not reach conventional levels of significance (b = 0.05,
SE=0.03, p=0.052, p=0.07), and indicated that older
adolescents tended to report higher distress at baseline. Age
group was not associated with the psychological distress
slope (b= —0.01, SE=0.01, p =0.323, p = —0.04).

Sex! was significantly associated with the perceived
impairment intercept (b=0.06, SE=0.02, p=0.002,
B =0.08); the association with the slope did not reach
conventional levels of significance (b =0.01, SE=0.01,
p=0.077, p=0.07). Females reported higher perceived
impairment at baseline and tended to increase in their
impairment more steeply over time compared to males. Sex
was also significantly associated with the psychological
distress intercept (b = 0.10, SE = 0.03, p <0.001, p =0.15)
and slope (b=0.05, SE=0.01, p<0.001, p=0.17).
Females reported higher distress at baseline and increased
more steeply in distress over time.

Discussion

Although observed associations between adolescents’ digi-
tal technology use and well-being are small (Ivie et al.,
2020), a pervasive narrative exists that digital technologies
are harming adolescents’ mental health (Lanette et al.,
2018). Most adolescents perceive that digital technology
impairs their daily life to some degree (George et al., 2020),

3 A sensitivity analysis limiting the sample to those who completed all
four waves indicated the same pattern of results, except the marginal
association with the distress intercept was now significant (p = .046).
A sensitivity analysis in which age was included as a continuous
predictor yielded the same pattern of results, except that the marginal
association with the distress intercept was not significant (p =.129).
A sensitivity analysis limiting the sample to those who completed all
four waves indicated a slightly different pattern of results, in which the
associations with the impairment intercept (p =0.539) and distress
intercept (p = 0.430) were no longer significant. An examination of the
means indicating that girls with higher baseline impairment and dis-
tress were more likely to be lost over the course of the study, sug-
gesting that limiting the analysis to those who completed all four
waves may be omitting girls with a more maladaptive psychosocial
profile at baseline, in which they report higher baseline impairment
and distress. Interpretation of the results with the full sample is
recommended, as the intercepts assess Wave 1 impairment and dis-
tress, and data were complete at this wave.
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and it is important to examine how adolescents’ perceived
impairments link with mental health. This study demon-
strated that adolescents’ perceived digital technological
impairment and psychological distress increased over the
course of adolescence, and that these increases co-occurred.
However, there was little evidence that greater perceived
digital technological impairment at one wave relative to
one’s underlying trajectory was subsequently linked to
increased psychological distress at the next wave (and vice
versa).

Adolescents’ Perceived Technological Impairment
and Psychological Distress

Adolescents with higher baseline perceived technological
impairment reported higher baseline psychological distress,
in line with past support for an association between per-
ceived digital technology impairment and poorer mental
health (Marino et al., 2018). Moreover, as seen in past
research (e.g., Raudsepp, 2019), perceived impairment and
distress both increased across adolescence, and these
increases co-occurred. This represents a between-person
association: adolescents who increased more steeply in their
perceived impairment over time also increased more steeply
in their psychological distress. As adolescents’ use of digital
technology grows with age, they may be more likely to
perceive that this use is impairing their daily life. Likewise,
increases in psychological distress over adolescence are
well-established (Kouros & Garber, 2014). Adolescents
who see particularly steep increases in their psychological
distress may also coincidingly perceive greater impairment
from their digital technology use, particularly if this use is
used for coping or escapism. Importantly, both perceived
technological impairment and psychological distress may be
compounded by adolescents’ internalization of societal
views and expectations of the adolescent developmental
period as being one of emotional turmoil and heightened
risk for a host of negative outcomes and behaviors (Hol-
lenstein & Lougheed, 2013). In addition, the widely held
societal belief that adolescents are “addicted” to technology
may itself have negative impacts on development (Lanette
et al., 2018). It would be fruitful for future research to
determine the role, if any, that internalization of beliefs
about the adolescent developmental period and digital
technology use may play in the relations between perceived
technological impairment and psychological functioning.
Endorsement of all measured perceived technological
items increased over time. Endorsement of difficulties to
cease digital technology use once starting was particularly
high by Wave 4, with nearly all participants endorsing some
degree of difficulty. Digital technologies are often well
matched to adolescents’ developmental needs, such as peer
communication (Ehrenreich et al., 2020). Thus, adolescents

may find it difficult to disengage from use due to these
developmentally relevant affordances (Nesi et al., 2018).
Items pertaining to daily life obligations and social gather-
ings were endorsed by fewer participants, which could
indicate a greater ability to disengage from use when ado-
lescents are able to fulfill tasks such as peer social gather-
ings in-person (boyd, 2014). However, a sizable number of
adolescents (approximately half) endorsed these items by
Wave 4. These items do not necessarily distinguish peer
gatherings from other gatherings (e.g., family time, which
may be more vulnerable to technology interference). Future
research can examine the extent digital technologies dis-
place time spent in-person with peers, hallmark of adoles-
cence (Brown & Larson, 2009), compared to others.

Perceptions of sleep impairment from digital technology
notably increased throughout adolescence. There are wide-
spread concerns of how digital device use may be impairing
sleep (Alonzo et al., 2021), especially during a develop-
mental period that is known to be associated with sleep
deficits (Hagenauer et al., 2009). Importantly, these changes
co-occurred with known biological and societal factors that
impact sleep, including delays in sleep onset due to puberty
and earlier school start times in high school (Hagenauer
et al., 2009). It is possible that adolescent reports of sleep
impairments from digital technology may be in part con-
founded by sleep impairments that may normatively occur
due to ongoing developmentally-relevant changes during
adolescence. Future research is required to attempt to dis-
entangle these factors.

There was a sharp increase in reports of using digital
technology for coping, particularly between ages 10 and 15.
This jump could reflect the well-documented increases in
mental health problems across adolescence (Kouros &
Garber, 2014), and how increasing stressors that accompany
adolescence facilitate the development of various coping
strategies (Zimmer-Gembeck & Skinner, 2011). Adoles-
cents can utilize digital technologies as an alternative tool to
cope with ongoing stressors in their daily lives (Elmquist &
McLaughlin, 2017). For example, texting friends can reduce
stress after experiencing a stressful event (Yau et al. 2021).
However, there is also fear that using digital technologies to
cope may be a maladaptive strategy, particularly if a heavy
reliance on this strategy replaces existing “healthier” coping
strategies (Wolfers & Schneider, 2021). Future research
should test what types of digital technology use, and under
what conditions, may manifest as adaptive versus mala-
daptive strategies. For example, it may be useful to test
when digital technology use may be associated with avoi-
dant coping (Panova & Lleras, 2016), which in turn may
result in daily life impairments. It may also be fruitful to
examine specific digital technology behaviors that indivi-
duals may turn to for coping, such as turning to videos or
advice forums for help to cope (Weinstein et al., 2021), as

@ Springer



268

Journal of Youth and Adolescence (2023) 52:258-272

well as the degree to which digital technology is used to
cope, as using to technology to cope at moderate levels may
be more effective than heavy levels or not at all (Modecki
et al., 2022).

As with many measures assessing problematic digital
technology use (Davidson et al., 2022), most items asses-
sing perceived technological impairment measure some
existing degree of psychological problems. For example,
items pertaining to known correlates with poorer mental
health were included, including lower social connectedness
(Jose et al., 2012) and sleep problems (Vermeulen et al.,
2021). The coping item assumes that an adolescent is
already experiencing some degree of negative emotions.
The between-person finding of how perceived technological
impairment and psychological distress both increased and
co-occurred across adolescence cannot attest to the direc-
tionality of these associations. On the one hand, adolescents
who are already experiencing this existing degree of these
psychological problems may be more likely to report greater
perceived technological impairment. For instance, adoles-
cents who already are experiencing psychological distress
may also be experiencing sleep difficulties and turn to
digital technology when finding it hard to sleep. This may
conflate their reports of reporting on sleep problems due to
digital technology use. On the other hand, adolescents who
are especially attached to their digital devices may struggle
to disconnect before sleep, resulting in sleep problems
which consequently link to greater psychological distress.

Within-person cross-lagged associations can disentangle
directionality and attest to these possible linkages. Criti-
cally, there was no evidence of longitudinal within-person
associations between perceived technological impairment
and psychological distress. This indicates that adolescents
who reported greater perceived technological impairment
relative to their underlying trajectory at one wave did not
necessarily report greater psychological distress at the next
wave, and vice versa. This is counter to previous evidence
suggesting that greater problematic digital technology use
and poorer well-being are longitudinally linked (e.g., Ciar-
rochi et al., 2016). These inconsistencies could be due to
previous studies failing to distinguish between- from
within-person associations. Indeed, a recent study found
similar support for between-person, but not within-person,
associations among problematic internet use and depressive
symptoms (Takahashi et al., 2022). Once underlying
increases in perceived impairment and psychological dis-
tress are taken into account, associations with poorer well-
being may disappear.

Moderation by Age Group and Sex

Older adolescents reported higher perceived technological
impairment at baseline but increased less steeply in their
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perceived impairment over time. As youth transition
through adolescence, they engage in greater digital tech-
nology use (Rideout et al., 2022) and may find the affor-
dances of digital technologies more developmentally
attractive (Nesi et al., 2018). Older adolescents may have
greater difficulty disengaging from use, resulting in
increased perceptions of impairment. Since these adoles-
cents start higher in their perceived impairment, they may
have less “room” for perception increases.

Additionally, girls reported higher perceived technolo-
gical impairment at baseline, in line with past research
finding that girls may encounter greater challenges in digital
technology use, such as greater harmful social comparisons
(e.g., Nesi & Prinstein, 2015) or cybervictimization (e.g.,
Baldry et al., 2015). Girls also reported higher psycholo-
gical distress at baseline and increased more steeply in their
distress over time, in accord with findings that girls report
greater mental health problems such as depressive symp-
toms and increase more in these symptoms over time
(Kouros & Garber, 2014).

Limitations

Several limitations must be considered. First, the sample was
affected by attrition, with diverse participants more likely to be
lost. Second, only one facet of digital technology was asses-
sed, amidst ongoing debate of digital technology measurement
issues (Parry et al., 2021), particularly in terms of problematic
digital technology use (Panova & Carbonell, 2018). Future
research should collect objective measures of various types of
digital technology use (e.g., social media, smartphone, gam-
ing), to examine potential differences in associations with
well-being. Third, the fourth wave of the study took place at
the start of the COVID-19 pandemic, when digital technology
use rapidly shifted (e.g., Ellis et al., 2020). Wave 4 indicators
of perceived impairment and distress could in part be due to
reactions to the pandemic. An analysis of perceived impair-
ment item endorsement by age (see supplement) indicates that
increases in impairment for many items were more prominent
in the transition from early-to-mid adolescence, in which data
were almost entirely collected before the pandemic. Adoles-
cents aged 17, 18 and 19 were primarily featured in Wave 4,
and results indicated that item endorsement was not widely
different from endorsement at ages 15 and 16 for most items.
Fourth, the intervals between waves were unequal and rela-
tively far apart; future research should employ shorter intervals
to test possible timing differences.

Conclusion

Studies utilizing longitudinal designs disentangling between-
from within-person associations are needed to better
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understand associations among perceived technological
impairment and psychological distress. This study found that
although increases in perceived technological impairment co-
occurred with increases in psychological distress (indicating a
between-person association), there was no evidence of within-
person associations. The lack of within-person associations
must be emphasized: once the underlying trajectories of
impairment and distress are taken into account, there is no
evidence that adolescents who report elevations in their per-
ceived technological impairment are more likely to report
elevations in future psychological distress (or vice versa). This
suggests caution is needed regarding the cause-and-effect
narrative surrounding adolescents’ digital technology use and
their well-being (Orben et al., 2019). Parents, teachers, and
policymakers should not necessarily treat digital technology
use as a monolithic evil that is harming adolescents’ mental
health; rather, adolescents’ unique use of digital technologies
should be considered, and the extent to which this use may be
impairing individual daily lives. Additionally, the in-depth
item analysis by age indicates that early-to-mid adolescence
may be a particularly critical time for patterns of impairment
to form, with several perceptions increasing more steeply
during this developmental period. Parents and teachers of
adolescents in this age group can be aware of the vulnerability
that this period may hold, and create rules to help curtail the
development of problematic types of use (e.g., restricting
digital technology use before bed; discussing if and when
using digital technology for coping may be a healthy strat-
egy). In a similar vein, moderation by sex suggests that girls
may be more susceptible to perceptions of impairment than
boys, indicating that adults may exercise greater caution in the
formation of adolescent girls’ digital technology habits and
possible accompanying impairments. Overall, although future
research employing rigorous methodologies is needed, this
multi-year study demonstrates complexity in the relations in
perceptions of technological impairment and psychological
distress, and that caution is needed in suggestions that digital
technology use is hurting adolescents’ mental health.
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