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Statement of contribution

* Identified three trajectories of adolescent problematic smartphone use over four years.
* High-stable users showed consistently high use; most followed a moderate-increasing pattern.
* Depression and FoMO predicted higher risk; self-regulation was protective.

INTRODUCTION

The pervasive use of smartphones among adolescents has become a defining feature of contemporary
youth culture, presenting both opportunities and challenges (Vaterlaus et al., 2021). Specifically, while
smartphones offer various benefits, including instant access to information and social connectivity,
there is a growing concern about problematic smartphone use, characterized by excessive and compul-
sive usage patterns that interfere with daily life (Gioia et al., 2021). The heightened sensitivity to social
influences and ongoing maturation of self-regulatory capacities that are characteristic of adolescence
makes this developmental stage particularly vulnerable to the development of problematic smartphone
use (Xiao et al., 2024). For example, as youth increasingly orient towards their peers, they may spend
more time online connecting with and checking in on their peers. Additionally, as their self-regulation
skills are still developing, it may be particularly difficult for youth to effectively manage their device use
(Pandey et al., 2018). Indeed, rates of problematic smartphone use increase drastically in adolescence,
with the global prevalence of problematic smartphone use among adolescents ranging from 10% to
30%, with higher rates observed in regions with greater smartphone penetration, such as East Asia and
Europe (Kuss et al., 2018; Wu & Siu, 2020). Additionally, recent work has identified profound links
between internalizing problems and problematic smartphone use in adolescence (Wang et al., 2020;
Zhou et al., 2023), suggesting that this may function as another important risk factor. While recent
work has begun identifying how developmental characteristics such as self-regulation and peer rela-
tions may act as key predictors of problematic smartphone use in adolescence (e.g., peer relationships;
Wang et al., 2023); fear of missing out (FoMO; Xiao et al., 2023), low self-control, and high impulsivity
(Montag et al., 2015; Van Deursen et al., 2015), the majority of these studies have been cross-sectional,
offering only a snapshot of these relationships at a single point in time, which limits our understanding
of how problematic smartphone use develops and changes during adolescence. To this end, this study
explored the longitudinal trajectories of problematic smartphone use among Canadian adolescents and
identified key predictors—such as self-regulation, fear of missing out, depression, and anxiety — that
influenced these trajectories over time.

The developmental trajectories of problematic smartphone use in adolescence

Problematic smartphone use encompasses a range of compulsive and potentially harmful behaviours
online, including excessive engagement with social media, gaming, and impulsive online activities
(Elhai et al., 2016; Fineberg et al., 2018; Gioia et al., 2021). Problematic use has been associated with
various challenges in adolescents’ lives, including academic difficulties and both physical and mental
health issues (Hughes & Burke, 2018; Sourander et al., 2010). For example, Li et al. (2019) identified
a link between problematic smartphone use and low self-esteem among children. Similarly, a study by
Demirci et al. (2015) found that problematic smartphone use was associated with increased levels of
depression and anxiety among adolescents.

Adolescents’ increased access to smartphones, driven by their widespread availability, has led to
heightened concerns about dependency on these devices (Marciano et al., 2021). The COVID-19 pan-
demic further intensified these concerns, as lockdowns and social distancing measures necessitated
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greater reliance on digital devices for socializing, education, and entertainment (Lai et al., 2022; Yang
et al., 2021). This shift likely contributed to an increase in problematic smartphone use among adoles-
cents, as prolonged screen time became more prevalent during extended periods of remote learning and
restricted social interactions (Freitas et al., 2023; Serra et al., 2021). Studies exploring the general trajec-
tory of problematic smartphone use suggest heterogeneous patterns across different populations and
age groups (Lai et al., 2022; Xiao et al., 2024; Yoo, 2024a, 2024b). For example, research among Chinese
university students indicates that problematic smartphone use tends to stabilize during late adoles-
cence and early adulthood, showing little significant change over time (Yang et al., 2021). Conversely,
studies focusing on Swiss adolescents suggest a potential decline in problematic smartphone use as
they mature, reflecting possible improvements in smartphone usage habits among older adolescents
(Marciano et al., 2021). That said, the variability in problematic smartphone use trajectories becomes
more apparent when considering different cultural contexts and societal norms (Billieux et al., 2015;
Montag & Reuter, 2017). Canada's sociocultural landscape offers a distinct context that may influence
the development and trajectories of PSU among adolescents. With a smartphone penetration rate of
87% among Canadians in 2021 and ~ 88% of youth aged 15-24 reporting that they check their phones
at least once every hour, Canadian adolescents are among the most digitally connected globally (Statista,
2023). Moreover, Canada's multicultural population introduces diverse cultural norms and social expec-
tations that can intensify adolescents’ sensitivity to social comparison and social pressure (Haight et al.,
2016). Specifically, youth navigating multiple cultural identities may rely more on social media for social
integration and identity formation, making them more susceptible to FoMO and validation-seeking
behaviours (Ogibi, 2015). By examining PSU within this unique Canadian context, the current study
contributes to a nuanced understanding of how cultural, technological, and educational factors intersect
to influence adolescent digital behaviour.

In addition, research from the Korean Children and Youth Panel Survey highlights this complexity,
identifying diverse trajectories among school students, including both increasing trends and cohort-
specific variations in problematic smartphone use (Son et al., 2021; Yoo et al., 2021). These findings un-
derscore the influence of environmental factors and technological landscapes on adolescent behaviours
related to smartphone use. Moreover, longitudinal studies among Chinese college students reveal dis-
tinct patterns in problematic smartphone use over time, with some individuals showing a decrease in
problematic usage over time while others exhibited an increase (Wang et al., 2022). This variability sug-
gests that initial levels of problematic smartphone use and individual differences play significant roles
in shaping developmental trajectories.

To effectively capture and understand these diverse patterns, growth mixture modelling (GMM)
offers a robust methodological approach (Jung & Wickrama, 2008; Muthén, 2004). GMM allows re-
searchers to identify latent subgroups within a population that follow distinct trajectories of problematic
smartphone use (Ram & Grimm, 2009). By categorizing individuals based on their developmental paths
of problematic smartphone use, GMM enables a more nuanced analysis of why certain adolescents may
be more prone to developing problematic usage habits than others (Yoo, 2024a, 2024b). Accordingly,
we explored the longitudinal trajectories of problematic smartphone use among Canadian adolescents
using GMM.

Predictors of problematic smartphone use trajectories

Guided by the Interaction of Person-Affect-Cognition-Execution (I-PACE) model, this study investi-
gated the trajectories of problematic smartphone use by examining the roles of FoMO, self-regulation,
and internalizing symptoms such as depression and anxiety. The I-PACE model posits that specific
Internet-use disorders emerge from the interaction of personal predispositions (e.g., emotion regulation
difficulties), affective responses (e.g., anxiety, depression), cognitive biases (e.g., FoMO), and reduced ex-
ecutive functioning (e.g., poor self-regulation) (Brand et al., 2016). In line with this framework, FoMO
was conceptualized as a cognitive bias that may heighten sensitivity to social rewards, while depression
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and anxiety reflect affective responses that may drive maladaptive coping behaviours. Self-regulation
was examined as an indicator of executive control capacity, which may buffer or exacerbate problematic
use. By integrating these psychological factors, we aimed to clarify how individual vulnerabilities shape
the progression of problematic smartphone use during adolescence, a developmental period marked by
heightened susceptibility to digital overuse (De-Sola Gutiérrez et al., 2016). This approach supports a
theory-driven understanding of risk factors and informs the development of targeted interventions to
reduce harm and promote adolescent well-being.

Fear of missing out (FoMO)

FoMO has emerged as a significant psychological factor driving problematic smartphone use, particu-
larly among adolescents (Elhai et al., 2018). FoMO refers to the pervasive apprehension that others
might be having rewarding experiences from which one is absent (Przybylski et al., 2013). This anxiety
can lead to compulsive behaviours, such as constantly checking smartphones to avoid missing out on
social interactions or updates (Elhai et al., 2020). The literature indicates that high levels of FoMO are
associated with increased problematic smartphone use and can contribute to its escalating trajectory
over time (Coco et al., 2020; Xiao et al., 2023). Adolescents who experience FoMO are likely to develop
maladaptive coping strategies that reinforce smartphone overuse, thereby deepening their dependence
and increasing the likelihood of experiencing negative consequences (Coco et al., 2020). Therefore,
we expected that adolescents with higher levels of FoMO are more likely to fall into the group with an
increasing trajectory of problematic smartphone use compared with those with lower levels of FoMO.

Self-regulation

Self-regulation, the ability to manage one's thoughts, emotions, and behaviours in pursuit of long-term
goals, plays a crucial role in determining an individual's susceptibility to problematic smartphone use
(Novak & Clayton, 2001). Deficits in self-regulation are consistently linked to various forms of behav-
ioural addictions, including problematic smartphone use (Brand et al., 2016). Adolescents with poor
self-regulation may struggle to control their smartphone use, particularly when faced with stressors
or emotional challenges, leading to a faster increasing trajectory of problematic smartphone use (Xiao
et al., 2024). On the other hand, those with strong self-regulatory skills are better equipped to set lim-
its on their smartphone use, resist temptations, and maintain a balanced digital lifestyle (Gokgearslan
et al., 20106). Therefore, we expect that adolescents with higher levels of self-regulation are less likely to
fall into the group with an increasing trajectory of problematic smartphone use compared with those
with lower levels of self-regulation.

Mental health

Mental health is a critical factor in the development and progression of problematic smartphone use, yet
it remains underexplored within the I-PACE model context. Psychological conditions such as depres-
sion and anxiety have been identified as predictors of faster growing problematic smartphone use tra-
jectories (Do & Kim, 2024). Adolescents with poor mental health may use smartphones excessively as a
coping mechanism, seeking solace or distraction from their distress (Crowhurst & Hosseinzadeh, 2024).
This maladaptive coping strategy can lead to a vicious cycle, where increased smartphone use exacer-
bates mental health issues, which in turn fuels further smartphone dependency (Wang & Ma, 2024).
Therefore, we expected that adolescents with higher levels of depression and anxiety would be more
likely to fall into the group with an increasing trajectory of problematic smartphone use compared with
those with lower levels of depression and anxiety.
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The present study

The goal of the present study was to investigate the trajectories of problematic smartphone use among
adolescents and its predictors, including self-regulation, FoMO, depression, and anxiety among
Canadian adolescents. This study aimed to address the following research questions: (1) What are the
distinct trajectories of problematic smartphone use among adolescents over time? (2) How do self-
regulation, FoMO, depression, and anxiety predict membership in different problematic smartphone
use trajectory groups? We hypothesized that there would be multiple distinct trajectories of problematic
smartphone use, such as increasing, stable, and decreasing patterns. Additionally, we hypothesized that
higher levels of FoMO and depression would be associated with higher and more stable problematic
smartphone use trajectories. In contrast, better self-regulation would be associated with lower problem-
atic smartphone use trajectories.

METHOD
Participants

Participants in this 4-year longitudinal study were recruited from five public schools in Southern British
Columbia, Canada, and included 2549 participants from grade 8 to grade 12 (1025 gitls; Magc =14.10years,
SD=0.96years) at Time 1. Approximately, 65.4% of participants were born in Canada. The sample was
ethnically diverse, with approximately 41.8% self-identifying as East Asian; 30.4% White/Caucasian;
4.6% South Asian; 17.8% Southeast Asian; 3.7% West Asian; 4.5% Latin American; 3.6% Indigenous,
and 1.4% Other (e.g., Caribbean).

Follow-up data were collected in the same schools once a year in (T2-T4). At T2-T4, 2023, 1522,
and 1346 participants provided data, respectively. Little's (1988) MCAR test was not significant, y2
(2945) =3019.25, p=.132, suggesting that the pattern of missingness was not systematic. To further
confirm that the pattern of missingness was not systematic, we conducted a series of tests comparing
characteristics of adolescents who dropped out of the study to those who remained in the study. Results
indicated no significant differences on the main study variables at Wave 1, including problematic smart-
phone use (#=—1.16, p=.24), depression (#=—1.73, p=.08), anxiety (#=—0.69, p=.49), FoMO (#=1.67,
»=.09), and self-regulation (#=—1.08, p=.28). Additionally, no gender differences were observed be-
tween groups (=397, p=.41). However, there was a significant age difference at Time 1, with ado-
lescents who dropped out being slightly older (M=14.48, §D=0.93) than those who remained in the
study (M=13.68, SD=0.78; = —10.63, p<.001). Thus, full information maximum likelihood was used
to estimate missing data in Mplus 7.2 (Muthen & Muthen, 1998-2012).

Procedure

The present study received ethical approval from the institutional review board of The University of
British Columbia. Written consent was obtained from all participants at all three time points, with
passive consent from parents through their schools. To show appreciation for participation, all stu-
dents from each school were entered into a draw for a chance to win a smartphone at each time point.
Data collection took place separately at each school between October 2020 and March 2021. Follow-up
data were collected once a year in (W2—W4) within the same schools. All self-report questionnaires
were completed online through Qualtrics (www.qualtrics.com) on participants’ personal devices during
school hours.
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Measures
Self-regulation

Participants completed the Self-Regulation Questionnaire (Novak & Clayton, 2001). The scale con-
tained 13 items on 4-point Likert scale, ranging from 1 (Never true for me) to 5 (Always true for me),
which comprised three subscales: emotional self-regulation (five items, e.g., ‘I have a hard time con-
trolling my temper’), behavioural self-regulation (four items, e.g., ‘As soon as I see things that are not
working, I do something about it’), and cognitive self-regulation (three items, e.g., ‘I develop a plan for
all my important goals’). A composite variable was created by calculating the average score across all
items. This measure has demonstrated evidence of reliability and validity among Western adolescents
(Novak & Clayton, 2001). In the present sample, this measure also demonstrated good internal reli-
ability (@=.79).

Problematic smartphone use

Smartphone addiction was measured using the Smartphone Addiction Scale — Short Version
(SAS-SV; Kwon et al,, 2013). The measure is comprised of 10 items that are rated on a 6-point
Likert scale, ranging from 1 (Strongly disagree) to 6 (Strongly agree). Sample items included ‘T use
my phone longer than intended’. A composite variable was created by calculating the average score
across all items. This measure has been shown to have good psychometric properties (De Pasquale
et al., 2017). In the present sample, this measure also demonstrated high internal reliability (@ =.83,
.84, .84, .86) at each time point.

Internalizing problems

To assess their mental health, adolescents completed the Depression, Anxiety, and Stress Scale
(DASS- 21, Lovibond & Lovibond, 1995). For this analysis, we focused on two subscales: depres-
sion (seven items; e.g., ‘I couldn't seem to experience any positive feeling at all’) and anxiety (seven
items; e.g., ‘I was aware of dryness of my mouth’), that are rated on a 4-point Likert scale, rang-
ing from 1 (Did not apply to me at all) to 4 (Applied to me very much or most of the time). Sum
scores are computed by adding up the scores on the items per (sub)scale and multiplying them
by 2. These cut-off scores are derived from a set of severity ratings, proposed by Lovibond and
Lovibond (1995). Specifically, scores =0-14 are labelled as 1 (Normal), scores =15-18 are labelled
as 2 (Mild), scores =19-25 are labelled as 3 (Moderate), scores =26—33 are labelled as 4 (Severe),
and scores >34 are labelled as 5 (Extremely Severe). This measure has been shown to have reliable
psychometric properties (Zanon et al., 2021).

Fear of missing out (FoMO)

FoMO was measured using the fear of missing out scale (FoMO; Przybylski et al., 2013). The FoMO
scale is comprised of 10-items (e.g., ‘I get worried when I find out my friends are having fun without
me’) rated on a 5-point Likert scale, ranging from 1 (Never) to 5 (All of the time). A composite variable
was created by calculating the average score across all items. This measure has demonstrated evidence
of reliability and validity among Canadian adolescents (Parent et al., 2021). In the present sample, this
measure also demonstrated good internal reliability (@ =.80).
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Statistical analytic strategy

Both latent growth curve modelling (LGCM) and growth mixture model (in Mplus 7) were used to
examine the trajectories of problematic smartphone use. We first used LGCM to explore the gen-
eral trajectory of problematic smartphone use among adolescents. To evaluate the absolute model fit,
we used the following fit indices: comparative fit index (CFI), Tucker—Lewis index (TLI), root mean
square error of approximation (RMSEA), standardized root mean square residual (SRMR), and 2 -test
of significance (see Hu & Bentler, 1999). A close fit is indicated by CFI and TLI values >0.90 (Hu &
Bentler, 1999). In addition, a close fit is indicated by RMSEA values <0.06, whereas an adequate fit is
indicated by values between 0.06 and 0.08. SRMR values <0.08 indicate a good fit.

We employed the ‘3-step’ method for GMM estimation (Vermunt, 2010), which supports the integra-
tion of predictors into the analysis. This approach maintains the integrity of the initial class structure
(from the unconditional model) by mitigating the potential effects of covariates using the auxiliary
variable feature in Mplus (Muthén, 2003). The decision on model fit incorporated a variety of criteria,
including the Akaike information criterion (AIC) and Bayesian information criterion (BIC) to balance
model fit and complexity, the Lo—Mendell-Rubin adjusted likelihood ratio test (LMR) and boot-
strapped parametric likelihood ratio test (BLLRT) to compare models with different numbers of classes,
entropy, and classification probabilities to assess the distinctness and clarity of class assignments, and
indicators of model instability such as any class containing fewer than 10% of the sample. Additionally,
the evaluation of the classes based on theoretical considerations and researcher judgement was essen-
tial to ensure that the identified classes made sense in the context of existing literature and conceptual
frameworks (Muthén & Muthén, 2000). Next, we examined if self-regulation, FoMO, depression, and
anxiety could predict which of the identified latent classes adolescents would fall into. This was done
using the R3STEP auxiliary function, which employs multinomial logistic regression for analysis.

RESULTS
Preliminary analyses

Descriptive statistics and intercorrelations among study variables are presented in Table 1. Measured
invariance of problematic smartphone use over the four time points was then assessed. The fully
constrained model (i.e., equal loadings and intercepts across time) had adequate levels of fit (CFI=0.90,
TLI=0.90,SRMR =0.029, ACFIs = —0.003—0.001, ARMSEAs = —0.001-0.000). These results indicated
that the measurement of problematic smartphone use displayed strong invariance across time in our

TABLE 1 Descriptive statistics and intercorrelations among study variables.

1 2 3 4 5 6 7 8
1. PSU T1 1
2.PSU T2 58%* 1
3.PSU T3 31 34 1
4 PSU T4 ATH* A43%* 36%* 1
5. FoMO T1 30+ 23%K 6% 3%k 1
6. Self-regulation T'1 =S —.26%* —.16%* =D ok 1
7. Depression T'1 37K .29% 4% 20%F 39%* —.406%F 1
8. Anxiety T1 33%k MG .05 A1 VR —.34xx 5 1
M 2.38 2.63 2.66 2.62 2.33 2.78 3.89 4.46
SD .82 .84 .83 .86 .76 .50 .89 74

*p<.05. p<.01.
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study. Strong invariance ensures that changes over time reflect true developmental differences rather
than measurement inconsistencies. This provides a reliable foundation for interpreting the identified
trajectories of problematic smartphone use. Next, we conducted both linear and quadratic LGCM
analyses for problematic smartphone use. The results showed that the quadratic model provided good
data fit (model fits see Table 2). The general developmental trajectory of problematic smartphone use
increased first and then decreased over 4years (see Table 2).

Additionally, a series of independent ~tests were conducted to investigate gender differences in all
study variables. The results indicated that there were no significant gender differences in any of the
variables (ps =.07—.45).

GMM of PSU

Results from a GMM of problematic smartphone use indicated three distinct trajectories of
problematic smartphone use. The corresponding trajectories of estimated means and estimated
individual values are depicted in Figure 1. The trajectories contained (a) a low-increasing-decreasing
trajectory (905 students, 35.50% of the sample, intercept=1.72, SE=0.06, 7=27.41, p<.001; linear
slope=0.45, SE=0.11, r=3.90, p<.001; quadratic slope=-0.12, SE=0.04, 7=-2.99, p=.003):
this trajectory started low at T, showing gradual increases through subsequent time points; (b) a
moderate-increasing trajectory (1552 students, 60.89% of the sample, intercept=2.62, SE=0.14,
+=18.89, p<.001; linear slope=0.23, SE=0.10, #=2.27, p=.02; quadratic slope=—0.05, SE=0.03,
t=—1.44, p=.15): students in this trajectory presented a moderate level of problematic smartphone
use at T'1 that increased during this period; and (c) a high-stable trajectory (92 students, 3.61% of
the sample, intercept=3.88, SE=0.29, 7=13.45, p<.001; linear slope=—0.17, SE=0.29, 7/=—0.58,

TABLE 2 The means and variances of intercept, linear slope, and quadratic slope in LGCM of PSU.

Model fit Mean Variance
Linear Quadratic Linear Quadratic
Model X@an p CFI RMSEA SRMR Intercept slope slope Intercept slope slope
Linear 5591 (5) .000 0.80 0.06 0.08 2.45%%% 0.07#F%  — 0.36%+* 0.02 —
LGCM
Quadratic  3.20 (5) .07 0.99 0.03 0.02 2,555 029055 =07 09 0.58*%* 0.01
LGCM

Hp< 01, #55p < 001,

4.5
4

3.5
3

2.5

2 / —

1.5

1

Problematic Smartphone Use

Wave 1 Wave 2 Wave 3 Wave4d

e | OW- increasing-decreasing trajectory === Moderate-increasing trajectory

e High-stable trajectory

FIGURE 1 Three class model for PSU trajectories.
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p=.506; quadratic slope =0.07, SE=0.08, 7=0.81, p=.42) in which problematic smartphone use was
high at T'1 and stable over 4 years.

Conditional GMM with covariates predicting class membership

The next set of analyses explored the roles of self-regulation, FoMO, depression, and anxiety as pre-
dictors of problematic smartphone use latent class membership using multinomial logistic regression.
Results are displayed in Table 3. Compared with the low-increasing-decreasing and moderate-increasing
groups, both FoMO and depression significantly predicted an increased likelihood of membership
in the high-stable group. In addition, compared with the moderate-increasing group, self-regulation
significantly predicted a decreased likelihood of membership in the high-stable group. Furthermore,
compared with the moderate-increasing group, self-regulation significantly increased the likelihood of
belonging to the low-increasing-decreasing group, while depression significantly decreased the likeli-
hood of membership in this group. There were no significant effects on anxiety (Table 4).

DISCUSSION

The present study aimed to investigate the developmental trajectories of problematic smartphone use among
adolescents and identify key predictors such as self-regulation, FoMO, depression, and anxiety. Our findings
identified three distinct problematic smartphone use trajectories: low-increasing-decreasing, moderate-
increasing, and high-stable. These trajectories underscore the dynamic nature of problematic smartphone

TABLE 3 Results of different latent class growth analyses.

Class AIC BIC ABIC Entropy VLMR-LRT LMR-LRT BLRT Class probability

1 10,796.69  10,837.59  10,815.35 N/A N/A N/A N/A 1

2 10,596.43  10,596.70  10,561.75  0.40 <0.001 <0.001 <0.001  0.651/0.349

3 10,447.83 10,535.48 10,487.82 0.59 0.035 0.037 <0.001  0.355/0.609/0.036

4 10,420.21  10,531.24  10,470.87  0.58 0.044 0.048 <0.001  0.053/0.003/0.638/0.306

5 10,411.56  10,545.96  10,472.88  0.46 0.300 0.307 <0.001  0.003/0.022/0.216/0.518/0.240

Note: N=2549. Model fit indices for 1- to 5-class solutions. Bolded values indicate the best-fitting model based on a combination of
information criteria (AIC, BIC, ABIC), entropy, and likelihood ratio tests (VLMR-LRT, LMR-LRT, and BLRT). The 3-class solution
demonstrated a strong balance of model fit, parsimony, and classification accuracy and was selected as the optimal model.

Abbreviations: ABIC, sample-size adjusted BIC; AIC, Akaike information criterion; BIC, Bayesian information criterion; BLRT, bootstrap
likelihood ratio test; LMR-LRT, Lo—Mendell-Rubin likelihood ratio test; VLMR-LRT, Vuong-Lo—Mendell-Rubin likelihood ratio test.

TABLE 4 Multinomial logit analysis of the associations between problematic smartphone use trajectory class
membership and predictors at Time 1.

Low-increase-decreasing Moderate-increasing Low-increase-decreasing

vs. high-stable vs. Moderate-increasing
Covariate Est. SE OR Est. SE OR Est. SE OR
FoMO —0.81%* 0.32 2.5 —1.36%* 0.46 2.9 —0.55 0.33 1.6
Self-regulation 0.43 0.67 0.64 1.94* 0.75 2.6 il Gk 0.41 3.6
Depression —1.23%* 0.46 2.66 —1.60%* 0.49 33 —0.37* 0.19 1.9
Anxiety 0.20 0.49 0.54 —0.61 0.89 0.68 —0.61 0.33 1.8

Note: All values are unstandardized estimates.
Abbreviations: Est., estimate; OR, odds ratio; SE, standard error.

*p<.05.#5p<.01. #*p<.001.
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use during adolescence, highlighting periods of both escalation and decline. Higher levels of FoMO and
depression were significant predictors of membership in the high-stable problematic smartphone use group,
suggesting that these factors play a crucial role in maintaining high levels of smartphone use. Conversely,
better self-regulation was associated with lower problematic smartphone use, emphasizing the protective
effect of self-regulatory abilities. These results align with the Interaction of Person-Affect-Cognition-
Execution (I-PACE) model, which posits that individual predispositions, affective and cognitive responses,
and executive functioning interact to influence the development and maintenance of specific Internet-use
disorders. The insights gained from this study highlight the importance of addressing FoMO, depression,
and self-regulation in interventions aimed at reducing problematic smartphone use among adolescents.

The developmental trajectories of problematic smartphone use in adolescence

First, our results indicated that the general trajectory of problematic smartphone use increased initially
and then decreased over the 4years. This quadratic trend could be explained by the novelty and excite-
ment associated with early smartphone use, which may lead to increased engagement and subsequent
problematic behaviours (Billieux et al., 2015). Over time, as adolescents become more familiar with
their devices and develop better self-regulation strategies, the novelty wears off, leading to a decrease in
problematic smartphone use (Yang et al., 2021). Indeed, previous studies, including one that examined
2548 Chinese adolescents, identified a clear increasing trend in problematic smartphone use during early
adolescence, followed by a potential decrease in late adolescence and early adulthood (Lai et al., 2022).
This finding highlights the adaptability of most adolescents and their capacity to integrate smartphone
use into their lives without long-term adverse effects.

The second trajectory depicted a moderate level of problematic smartphone use that gradually in-
creased over the study period. This trend indicates a persistent and rising engagement with smartphones
that may not abate over time. Adolescents in this group might be at a higher risk for developing more
entrenched problematic behaviours, which could be attributed to various factors such as peer influence,
the increasing utility of smartphones for social and academic purposes, or a lack of effective monitor-
ing and guidance from parents and educators (Chen et al., 2017). For example, a survey conducted in a
Canadian adolescent population depicted a rising trend in problematic smartphone use throughout the
2-year follow-up (Xiao et al., 2024). The persistence of this trajectory underscores the need for ongoing
interventions that focus on promoting healthy smartphone habits and providing resources for adoles-
cents to manage their usage.

The third trajectory exhibited consistently high levels of problematic smartphone use with little
variation over the 4 years. Representing only 3.6% of the participants, adolescents in this group are
of particular concern as their stable high use suggests a significant struggle with managing smart-
phone behaviours. This trajectory may reflect underlying issues, such as compulsive use patterns,
susceptibility to smartphone addiction, or other co-occurring mental health conditions like anxiety
or depression (Demirci et al., 2015; Elhai et al., 2016). Indeed, the Korean Children and Youth Panel
Survey revealed that adolescents in the fourth grade exhibited a high level of problematic smart-
phone use at the baseline, which remained consistently elevated in subsequent years (Yoo, 2024a,
2024b). Although only a small subset of the study participants were in this group, interventions
need to be more intensive and tailored, potentially incorporating cognitive-behavioural strategies
and involving parents, teachers, and mental health professionals to address the multifaceted nature
of their problematic smartphone use. Specifically, adolescents in this trajectory may represent a pop-
ulation with entrenched behavioural patterns and heightened psychological distress, making them
less responsive to universal prevention strategies. As such, intervention efforts targeting this group
should be intensive, individualized, and sustained. These may include cognitive-behavioural therapy
(CBT) focused on impulse control and emotion regulation, psychoeducation on digital habits, and
the involvement of parents, teachers, and mental health professionals to provide coordinated sup-
port across settings.
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The identification of distinct problematic smartphone use trajectories underscores the heteroge-
neous nature of adolescent smartphone use, emphasizing the need for flexible, personalized engagement
plans. Early and continuous education on responsible smartphone use, incorporating digital literacy
and self-regulation strategies, is essential for adolescents (Anthonysamy et al., 2020). Open communi-
cation between parents and adolescents about smartphone habits and setting appropriate boundaries
can mitigate the risk of problematic behaviours (Lauricella et al., 2016). Policymakers should support
public health initiatives that promote healthy digital habits and fund research on effective interventions.
Understanding the dynamics of problematic smartphone use, especially in light of increased smart-
phone dependency during the COVID-19 pandemic, is crucial for addressing its potential impacts on
adolescents’ mental health, academic performance, and overall well-being (Ellis et al., 2020).

Predictors of problematic smartphone use trajectories

In addition to identifying trajectories of problematic smartphone use among adolescents, we explored
the roles of self-regulation, FoMO, depression, and anxiety in predicting these trajectories. Findings
from these analyses provide valuable insights into how these factors influence different patterns of
problematic smartphone use over time.

Fear of missing out (FoMO)

The results indicate that FoMO significantly predicted membership in the high-stable problematic
smartphone use group compared with both the low-increasing-decreasing and moderate-increasing
groups. That is, adolescents with higher levels of FoMO were more likely to exhibit consistently high
levels of problematic smartphone use. This relationship can be understood through the psychological
mechanism where FoMO, a pervasive concern of missing out on rewarding experiences that others
might be having, compels individuals to frequently check their smartphones to stay connected and
updated (Elhai et al., 2018; Przybylski et al., 2013). FoMO-driven behaviour creates a reinforcing loop
whereby the more adolescents engage with their smartphones to mitigate their fear of missing out, the
more entrenched their problematic smartphone use becomes (Elhai et al., 2020). This need for con-
stant social validation and fear of social exclusion can lead to a compulsive pattern of smartphone use,
which becomes difficult to break and stabilizes at a high level of usage (Elhai et al., 2018). Therefore,
programmes that focus on helping adolescents develop healthier relationships with social media—by
promoting the understanding that missing out is a normal part of life—could be effective. Additionally,
teaching coping strategies that help manage FoMO, such as mindfulness and cognitive restructuring,
might reduce the compulsion to constantly check smartphones, thereby lowering the risk of developing
problematic smartphone use.

Self-regulation

In addition, self-regulation emerged as a significant predictor of problematic smartphone use trajecto-
ries. Compared with the moderate-increasing group, higher self-regulation was associated with a de-
creased likelihood of belonging to the high-stable group and an increased likelihood of membership in
the low-increasing-decreasing group (Wilmer & Chein, 2016). This suggests that self-regulation acts as
a protective factor against the development of persistent and high levels of problematic smartphone use.
Adolescents with strong self-regulatory skills can effectively manage their smartphone use, preventing it
from becoming problematic (Gokgearslan et al., 2016). The protective role of self-regulation highlights
its importance in interventions aimed at mitigating problematic smartphone use. Teaching adolescents
self-regulation techniques, such as mindfulness practices, goal-setting, and time-management strategies
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could empower them to use their smartphones more responsibly (Burleigh et al., 2018). By enhancing
these skills, schools and parents can play a crucial role in helping adolescents maintain a balanced ap-
proach to technology use, reducing the likelihood of it becoming problematic.

Mental health

The study also explored the impact of mental health factors, specifically depression and anxiety, on
problematic smartphone use trajectories. Depression significantly predicted an increased likelihood
of membership in the high-stable group compared with the low-increasing-decreasing and moderate-
increasing groups. Conversely, higher levels of depression decreased the likelihood of belonging to
the low-increasing-decreasing group. This is in line with previous work which has consistently linked
depression with heightened levels of problematic smartphone use (Elhai et al., 2018; Xiao et al., 2023).
Indeed, adolescents experiencing depressive symptoms may turn to their smartphones as a form of es-
cape from negative emotions or as a means of temporary relief from feelings of sadness, loneliness, or
hopelessness (Elhai et al., 2016). This reliance on smartphones for emotional regulation can lead to a
progressively increasing pattern of problematic smartphone use.

However, anxiety did not predict problematic smartphone use trajectory memberships. Interestingly,
previous studies have also suggested that adolescents with anxiety may use smartphones to manage their
fears and worries, seeking comfort through constant connectivity or reassurance from social interac-
tions (Lachmann et al., 2018). However, this pattern was not observed in our study. It is possible that
adolescents experiencing anxiety may seek out alternative coping strategies beyond smartphones, such
as engaging in repetitive behaviours or avoiding social interactions altogether (Cao et al., 2025). Further
research is needed to explore the nuanced relationship between anxiety and smartphone use.

Limitation and future direction

While the present study provides valuable insights into the trajectories of problematic smartphone use
among adolescents, several limitations should be considered. First, the exclusive reliance on self-report ques-
tionnaires, such as the smartphone addiction scale-short version (SAS-SV) and the Depression, Anxiety,
and Stress Scale (DASS-21), may have introduced bias due to participants' subjective perceptions and po-
tential issues with social desirability or recall accuracy (Stone et al., 2000). These limitations may have led to
distorted assessments of both smartphone use and mental health symptoms. Future research should incor-
porate objective data, such as screen time tracking, app usage patterns, and contextual information about
smartphone interactions to enhance measurement precision and ecological validity (Andrews et al., 2015).

Moreover, while the study focused on psychological predictors of PSU trajectories — namely, self-
regulation, FoMO, depression, and anxiety — it did not control for important contextual factors, such
as socio-economic status (SES), parental control, peer influence, and access to technology. Prior re-
search shows that lower SES is linked to different patterns of smartphone use (Rideout & Katz, 2016),
parental monitoring can reduce the risk of problematic use (Lauricella et al., 2016), and peer pressure
can reinforce excessive engagement (Nesi & Prinstein, 2015). Future research should incorporate these
contextual influences to offer a more comprehensive and ecologically valid understanding of adolescent
PSU trajectories.

Lastly, we did not examine outcomes associated with different trajectories of problematic smartphone
use. Understanding the impact of these trajectories on academic performance, social relationships, and
overall well-being is crucial for developing effective interventions (Twenge & Campbell, 2018). Future
research should investigate these outcomes to provide a more comprehensive understanding of the con-
sequences of problematic smartphone use trajectories.

Despite the limitations, this study revealed three distinct trajectories of PSU among adolescents,
emphasizing the significant roles of self-regulation, FoMO, depression, and anxiety. Higher levels of
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FoMO and depression predicted high-stable PSU, while better self-regulation was associated with lower
problematic smartphone use. These findings underscore the dynamic nature of problematic smartphone
use and its predictors, offering critical insights for stakeholders. Policymakers should develop mental
health support policies and regulations to encourage healthier smartphone use in schools. Teachers can
integrate digital literacy and self-regulation skills into their curricula and provide support for students
showing signs of high problematic smartphone use (Gui et al., 2023). Parents should model healthy
smartphone behaviour, set usage boundaries, and address mental health issues at home (Lauricella
et al., 2016). Interventions should focus on enhancing self-regulation and providing mental health sup-
port to address FoMO, depression, and anxiety.
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