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Abstract
Background: In the socially distanced era triggered by the coronavirus disease 2019 pandemic, there has
been a surge in online activities across children’s and adolescents’ lives. Increased smartphone use by
children and adolescents places them at higher risk of overdependence.

Methods: The purpose of this study, using secondary data from the 10th to 11th wave of the Panel Study
on Korean Children, was to longitudinally investigate problematic smartphone use in preteens and to
comprehensively understand the effects of variability and diversity in preteen development on excessive
smartphone use. STATA/BE 17 was used to analyze the panel logit model. Among the 1,286 participants
aged 9–10 from the Panel Study on Korean Children, 342 with complete responses (from the parent,
child, and school teacher) were selected as the subjects of this study.

Results: The size of the risk group for preteens’ problematic smartphone use showed a trend of
increasing from 126 in 2017 to 149 in 2018. Factors in�uencing smartphone overdependence included
the authoritative parenting behavior, permissive parenting behavior, child’s externalizing problems, peer
communication, and parental supervision. Factors related to parents and peers, as well as their own
characteristics, had a complex effect on preteens’ problematic smartphone use.

Conclusions: To reduce preteens’ smartphone overuse, it is necessary to avoid permissive parenting
behaviors and to increase parental monitoring of this population. Interventions should be conducted that
focus on reinforcing parenting behaviors that respect preteen’s opinions and set rules together, and
strengthen preteen’s communication with their peers.

Background
Worldwide, 6.4 billion individuals use smartphones, and the smartphone distribution rate has reached
78% [1]. Smartphones can be used without time and spatial restrictions, making them convenient;
however, excessive use of and dependence on smartphones may cause physical and psychological
problems [2, 3]. As smartphones become increasingly accessible even to lower age groups, their
excessive use by children and adolescents has become a major health issue.

Approximately 30.2% of children and adolescents aged 10–19 are at risk for smartphone
overdependence. This rate is the highest among all age groups, indicating that smartphone overuse is a
serious health issue in adolescents [4]. Problematic smartphone use causes serious problems in the
physical and mental development of children and adolescents, including sleep disorders [5], decreased
empathy and di�culties in academic achievement and adjustment to school life [6]. Additionally, it may
induce aggression, causing problematic behaviors such as deviance and delinquency [7, 8]. 

In particular, the excessive use of smartphones is steadily increasing in preteens [9]. The preteen years,
identi�ed as the 9–12 age group, are a transitional period of development from children to adolescence
[10]. As people generally own their �rst smartphones in their preteens, this is a period of active
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smartphone use [4]. Additionally, preteens spend most of their time at school and with their peers, away
from their parents and families. This increased time away from home may lead to decreased parental
management and regulations [11]. Inappropriate habits developed during the preteens tend to lead to
problems in adulthood. Therefore, understanding the mechanisms of preteens’ smartphone overuse is
essential to prevent excessive smartphone use in adolescents and adults.

While preteens continuously undergo cognitive, social, and emotional development [12], they also
demonstrate emotional instability, high impulsivity, and lack of self-regulation [13]. Moreover, prominent
in preteens’ behavior are the effects of parental absolute control, characteristic of childhood, and those of
indirect parental control, characteristic of mid-adolescence [14]. During the preteen period, it is important
to form peer groups and develop new bonds. As preteens enter adolescence, expectations and demands
related to learning activities and adaptation to school environments gradually increase [11]. Therefore, to
resolve the problematic behaviors of preteens, it is essential to consider interpersonal factors between
parents and peers, including children’s characteristics based on changes in life patterns and
developmental characteristics during this period.

Factors affecting problematic smartphone use in preteens include immature defense mechanisms and
emotion regulation ability, judgment disorder, aggression, and lack of self-control [15, 16, 17, 18]. In
addition, academic problems are an important factor [19]. Previous studies on preteens’ peer
relationships have showed that higher peer attachment reduces overdependence on smartphones
[20]. However, other studies have revealed opposite results [21].

Regarding the parental in�uence, positive parenting behaviors based on affection and interest [22, 23, 24],
as well as a high degree of parent supervision over what child do and with whom they spend time, have
been shown to be protective factors for problematic smartphone use [25]. On the contrary, some studies
have shown that the higher the parental overprotectiveness or interest [26]. and parental attachment [27].
the higher the risk of preteens’ problematic smartphone use. 

Although the preteen years are a period of rapid changes in development needs and the surrounding
environment, most studies have employed cross-sectional designs, limiting the exploration of the
in�uencing factors of problematic smartphone use. As excessive smartphone use has become a major
health problem for children and adolescents, identifying the related factors in preteens may help prepare
prevention and early intervention strategies. Therefore, the purpose of this study was to identify the
factors affecting smartphone overuse through a longitudinal approach that re�ects the changes in
preteens’ growth and development. Furthermore, we aimed to identify the protective and risk factors for
preteens’ problematic smartphone use through a comprehensive assessment of child, parent, and peer
factors.

Methods

Design 
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This longitudinal study is a secondary analysis of data from the 10th to 11th wave of the Panel Study on
Korean Children (PSKC). 

Setting and Subjects 
In the PSKC, children born at medical institutions nationwide in 2008 will be followed up until 2027 to
track their growth and development. The PSKC uses strati�ed multi-step sampling, and data are collected
by dividing the whole country into six regions. The number of births per year in each region is
proportionally allocated. PSKC data were acquired from a balanced panel surveyed at regular intervals.
The subjects of this study participated in the 10th and 11th years of the PSKC, which started the
investigation on smartphone addiction among preteens. And among 1,286 children aged 9-10 who
responded parents, children, and school teachers 342 people who answered all the questions were
selected as the subjects of this study.  

Measurements 
Sociodemographic and smartphone-related characteristics. Sociodemographic characteristics included
gender, residence area, household monthly income, and mother’s educational level and employment
status. Smartphone-related characteristics included whether preteens owned a smartphone and the
duration of daily smartphone use.

Smartphone addiction. Smartphone addiction was assessed using the K-Scale for Adolescent Observers,
an internet addiction diagnostic scale provided by the Internet Addiction Response Center (iapc.co.kr) of
the National Information Society Agency (2019) [28]. The scale was modi�ed for use in preteens.
Answered by the subjects’ mothers, the instrument consists of 15 items: �ve items on factor 1 (daily life
disorder), four items on factor 3 (withdrawal), four items on factor 4 (tolerance), and two items for an
unclassi�ed factor. The questionnaire consisted of evaluated on a four-point Likert scale from “not at all”
(1 point) to “a great deal” (4 points), with higher scores indicating a greater risk of addiction. Using the
total score and summation score for each factor, subjects were classi�ed as general users, potential-risk
users, and high-risk users.

General users had a total score of < 27 points, and the criteria for each factor were as follows—factor 1: <
12 points, factor 3: < 10 points, and factor 4: < 9 points. Potential-risk users had a total score of 28–29
points with a score of > 13 points for factor 1, > 11 points for factor 3, and > 10 points for factor 4. Lastly,
high-risk users had a total score of > 30 points, with a score of > 14 points for factor 1, > 12 points for
factor 3, and > 11 points for factor 4. Potential- and high-risk users were classi�ed as risk users.

Child factors. 
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Overall happiness. This variable was measured using the Millennium Cohort Study Child Paper Self-
Completion Questionnaire (2008) [29]. Overall happiness indicated happiness in each area of daily life
(academics, appearance, family, friends, school life). The questionnaire consisted of six items evaluated
on a four-point Likert scale from “not happy at all” (1 point) to “very happy” (4 points). A higher score
indicated higher overall happiness. 

Self-esteem. This variable was evaluated using �ve items from the Millennium Cohort Study, which, in
turn, were taken from Rosenberg’s (1965) [30]. 10-item Self-Esteem Scale according to the children’s
age [29]. In the PSKC, some items were modi�ed to improve comprehension. The items were evaluated on
a �ve-point Likert scale from “not happy at all” (1 point) to “very happy” (5 points). A higher score
indicated higher self-esteem.

Strengths and di�culties. This variable was evaluated using the Korean translation of the Strengths and
Di�culties Questionnaire for teachers available online [31]. The subjects’ teachers provided the necessary
data by responding to the online questionnaire. In the provided translations, two items were partially
revised to suit the context following discussions with PSKC researchers. For example, 'stealing from
home, school, or somewhere' was partially modi�ed to 'stealing things at home, at school, or
somewhere'. Children’s strengths and di�culties may be divided into prosocial behavior and total
di�culties. Total di�culties consisted of internalization di�culties (emotional symptoms, peer problems)
and externalization di�culties (behavioral problems, hyperactivity/inattention). The tool consisted of 25
items evaluated on a four-point Likert scale from “not at all” (1 point) to “a great deal” (4 points).

School adjustment. This variable was evaluated using a tool developed by Ji and Jeong [32]. Data were
collected from the subjects’ teachers through the online questionnaire. The tool consisted of 35 items in
four sub-domains: 11 items on adjustment to school life, 11 items on adjustment to academic
performance, eight items on peer adjustment, and �ve items on teacher adjustment. Each item was
evaluated on a �ve-point Likert scale from “strongly disagree” (1 point) to “strongly agree” (5 points). A
higher score indicated greater school adjustment. 

Peer factors.
Peer attachment. This variable was assessed through a nine-item questionnaire used by extracting only
the peer attachment scale from Armsden and Greenberg’s (1987) Parent and Peer Attachment
Scale [33]. The assessed sub-domains were communication, trust, and alienation. Each item was rated a
four-point Likert scale ranging from “strongly disagree” (1 point) to “strongly agree” (4 points), with higher
scores indicating a stronger degree of each sub-domain.

Parental factors. 
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Parental supervision. Huo’s tool [34] was modi�ed and supplemented by Kim et al. [35] in the Korea
Institute for Health and Social Affairs’ Comprehensive Children’s Survey to evaluate parenting behavior
using a total of eight items, including four items on praise and encouragement for children. In the PSKC, a
total of four items related to parental supervision were used in consideration of the balance with the
variables of the previous survey. Responses were provided by the main caregiver and rated on a �ve-point
Likert scale from “strongly disagree” (1 point) to “strongly agree” (5 points). 

Parenting behavior. This variable was evaluated using a tool developed by Robinson et al. [36] and
modi�ed by PSKC researchers. The tool consisted of three dimensions: authoritative, authoritarian, and
permissive parenting behaviors. Authoritative parenting behavior included affection, involvement,
reason/induction, democratic relationships, and kindness/comfort. Authoritarian parenting behavior
included anger, punishment, and irrational punishment strategies and directives. Lastly, permissive
parenting behavior included lack of consistency, neglect, and conviction. The items were evaluated on a
�ve-point Likert scale from “strongly disagree” (1 point) to “strongly agree” (5 points). A higher score
indicated higher parenting behavior in each dimension.

Data Collection 
For this secondary data analysis, we requested the Childcare Policy Research Institute for the original
national survey data. The purpose of use and researchers’ a�liations were explained through the PSKC
website. The original data and questionnaire were provided and used in this study.

Data Analysis 
STATA/BE 17 was used for longitudinal analysis of the two-year data. Data from the 10th and 11th years
of the survey (2017 to 2018) were case merged using the sample ID. Then, the data were converted to
long-type panel data for analysis. Frequency/percentage and mean/standard deviation were calculated
to compare subject characteristics and differences between general and risk users. A panel logit model
analysis was conducted using STATA/BE 17 to identify factors affecting changes in problematic
smartphone users.

If Xit was an independent variable affecting yit, ui was the intrinsic unobserved heterogeneity of the panel
object that does not change with time, and εit was pure error, the regression equation of the panel logit
model was as follows:

yit = α + β'Xit + ui + εit

for i= 1,2,…..,N and t=1,2,....., T

N = number of individuals or cross section
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T = number of time periods

A �xed effect and random effect model were estimated sequentially, and the Hausman test was
conducted to evaluate the endogeneity problem of explanatory variables. The Hausman test of the panel
logit model showed that the null hypothesis, that there was no correlation between individual unobserved
heterogeneity and independent variables, was not rejected at a signi�cance level of 5%. Thus, a random
effect model was used instead of a �xed effect model (χ2(13) = (b-B)΄ V_b-V_B ^(-1) (b-B) = 13.37, Prob
> χ2 = 0.4194). 

Ethical Considerations
PSKC, the primary data collection institution for this study, was approved by the Korea Institute of Child
Care and Education, Institutional Review Board (KICCEIRB-2017-No.05, KICCEIRB-2018-No.02). This data
is publicly accessible and written consent was obtained from all participants prior to participating in the
survey. The respondent's information was anonymized for research purposes and was not identi�ed prior
to analysis. This study was a secondary analysis of publicly available data without state-supplied
personal information. 

Results

Demographic and Smartphone-Related Characteristics 
Among 1,286 children aged 9–10 who participated in the 10th and 11th PSKC, a total of 342 children
whose parents and teachers also completed the survey were included in this study. Approximately 50.7%
and 49.7% of the risk users were boys and girls, respectively, with an almost even gender distribution.
Those who lived in small and medium cities, had a monthly household income of $4,000–$7,000, had
both parents working, and had smartphones were more likely to be risk users. In wave 1, the daily
smartphone usage time of risk users was 1.16 hours, which increased to 1.48 hours in wave 2 (Table 1).

Degree of Problematic Smartphone Use 
Among the 342 subjects, 126 were risk users in wave 1. In wave 2, the number of risk users increased by
6.8% to 149 (Table 2). 

Differences in Variables Between General and High-Risk
Users and Factors In�uencing Problematic Smartphone
Use 
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Table 3 shows the characteristics of general and risk users in waves 1 and 2. A panel logit model analysis
was conducted for longitudinal analysis of the effects of problematic smartphone use in preteens (Table
4). Externalization di�culties of preteens (child factor), peer communication (peer factor), and
authoritative parenting behavior, permissive parenting behavior, and parental supervision (parental
factors) affected problematic smartphone use. Every one-point increase in preteens’ externalization
di�culties increased the risk of smartphone addiction 3.14-fold (con�dence interval (CI): 1.25–7.87).
Every one-point increase in peer communication reduced the risk of smartphone addiction by 0.42 times
(CI: 0.20–0.89). Additionally, every one-point increase in authoritative parenting behavior reduced the risk
of smartphone addiction by 0.13 times (CI: 0.04–0.39) while every one-point increase in permissive
parenting behavior increased the risk of smartphone addiction by 6.68 times (CI: 1.89–23.56). Every one-
point increase in parental supervision reduced the risk of smartphone addiction by 0.41 times (CI: 0.19–
0.87).

Discussion
In this study, authoritative parenting behavior, parental supervision, and peer communication were
protective factors for preteens’ problematic smartphone use. In contrast, permissive parenting behavior
and preteen’s externalizing problems were risk factors. These results show that the characteristics of
children, parenting and supervision, and peer relationships have complex effects on preteens’ excessive
smartphone use.

Among the personal characteristics of preteens, externalizing problems were a risk factor for problematic
smartphone use. This is in contrast to the �ndings of a previous study in which internalizing problems
such as depression and anxiety were related to excessive smartphone use in adolescents [37]. In
adolescents with unstable emotional states, internalizing problems such as anxiety and depression are
often associated with overdependence on smartphones [38].. On the contrary, in preteens, externalization
problems such as hyperactivity and inattention are more relevant to excessive use of smartphones.
Externalizing and internalizing problems in children and adolescents are observed at the same time as
excessive smartphone use. In particular, our �nding is similar to that of a previous study showing that
di�culties in externalization had longitudinal effects on problematic smartphone use [39]. This suggests
the signi�cance of early interventions for preteens’ externalizing problems for the prevention of
smartphone overuse. In addition, when externalizing problems are observed, smartphone use must be
evaluated and monitored.

In this study, the assessment of peer communication was a protective factor for problematic smartphone
use. This is in agreement with previous studies reporting that the quality of peer relationships is a
protective factor for smartphone overdependence in adolescents [20, 40]. Smartphones are used by
young age groups as a means of self-expression and communication. They act as a practical tool to
satisfy the desire to feel close to peers without spatial and time restrictions [41]. However, preteens who
maintain good relationships with their peers in real life are not obsessed with relationships in the virtual
world, leading to a low risk of problematic smartphone use [20]. In contrast, preteens who experience
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problems with peer relationships use smartphones excessively to satisfy their desire to have and belong
in relationships [42]. A previous study showed that greater peer attachment increases the risk of
problematic smartphone use [21], and this is indicated by excessive use of smartphones to not feel
isolated from peer groups [43]. Activities such as games and use of social networking sites through
smartphones can help preteens expand their networks; however, these super�cial activities do not
improve the quality of their peer relationships. Preteens learn about their inner emotions and their
emotional responses to others, recognize their effects on their peers, and develop stronger relationships
through enhanced self-understanding [44]. As peer relationships have effects on smartphone use, which
actually acts as means of forming and maintaining relationships, follow-up studies must assess how
changes in peer relationships affect smartphone dependence in adolescents and adults.

Our results suggested that authoritative parenting behavior was a protective factor for overdependence
on smartphones in preteens. Authoritative parenting behavior can be characterized by affection,
involvement, a democratic relationship, and kindness/comfort. Our �nding is consistent with that of
many previous studies [22, 23, 24, 45]. Our �nding has a similar context to that of a study where control-
oriented parenting behavior, contrary to authoritative parenting behavior, increased smartphone use in
children [46]. In our study, permissive parenting behavior was a risk factor for problematic smartphone
use by preteens. These results are similar to previous �ndings that smartphone addiction in elementary
school children increases when parenting is permissive and neglectful [47] and that emotional neglect by
parents increases the risk of excessive smartphone use in children [48]. As parenting behavior has direct
effects on smartphone dependence in children, irrational and neglectful parenting behaviors should be
avoided, and parenting behaviors leading to the development of a rational and democratic parent-child
relationship must be encouraged. Additionally, establishing rules through communication with children
would be more effective to guide the appropriate use of smartphones. 

Parental supervision was a protective factor for problematic use of smartphones. Parental supervision
not only includes monitoring and coercive control over children but also affection and interest in
children’s daily activities. Appropriate parental control of children’s smartphone use has been shown to
lower smartphone addiction in children [49]. Such proper parental supervision not only reduces
smartphone dependence but also leads children to use smartphones as a means of communication with
family rather than for entertainment purposes [50]. Moreover, parental supervision can directly lower
children’s dependence on smartphones and indirectly as well through self-esteem and peer
attachment [51]. As children enter adolescence, peer relations and school and extracurricular activities
become more signi�cant. Therefore, parents must be interested in and guide their children’s activities
rather than seeking to exercise absolute control.

Limitations
A few limitations must be considered in the interpretation of this study’s �ndings. This study focused on
the characteristics of children and interpersonal factors with parents and peers as in�uencing factors of
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problematic smartphone use in preteens. Therefore, follow-up studies must include more diverse
sociological factors such as environmental factors and online regulations and policies. In addition, with
problems such as social distancing, limited leisure activities, and a surge in online activities triggered by
the coronavirus disease 2019 pandemic, daily changes and cracks in preteens have become more
serious. In addition, the daily gap according to the socioeconomic level of households has increased
more than before COVID-19, so changes after COVID-19 is necessary to con�rm the impact of these
changes on smartphone dependence and problematic use.

Conclusion And Implications
In this study, we identi�ed factors affecting excessive use of smartphones in preteens, whose
dependence and risk of problematic use has increased owing to the rapid increase in smartphone usage
rates. Previous studies have mostly been cross-sectional, evaluating the correlation between potential risk
factors and smartphone addiction. In contrast, the current study utilized a longitudinal design to re�ect
the changes in and characteristics of children’s growth and development. This study is meaningful as it
analyzed children, peer, and parental factors. Preteens, who were the subjects of this study, experience a
transition from childhood to adolescence. In this period, individuals exhibit the developmental
characteristics of both children and adolescents. As a result, a detailed analysis that assesses changes in
growth and development is essential for the development of practical interventions. Additionally,
longitudinal analysis enables stronger reason-effect inferences, providing a basis for interventions to
prevent and manage excessive smartphone use in children and adolescents.

In the current situation where smartphones have become a necessity in children’s lives, the present results
can help prevent overdependence on smartphones and suggest practical measures for correct use as
follows. Parents must not seek to restrict the use of smartphones by force or to have a permissive
attitude; instead, they must pay attention to what their children are using smartphones for and how often
they do so. The appropriate use of smartphones must be clari�ed through democratic communication
with their children. In addition, if preteens demonstrate externalizing problems such as hyperactivity or
inattention, monitoring for smartphone-related problems is required, and early intervention for problem
behavior might be needed. In addition, support is needed to improve the quality of peer relationships
considering the developmental characteristics of preteens. Forming smooth friendships through
communication technology will help prevent problematic use of smartphones.
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Tables
Table 1 

Demographic and Smartphone-Related Characteristics(N = 342)
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Variables Wave 1

n (%) or M (SD)

Wave 2

n (%) or M (SD)

Gender     

       Boy 170 (49.7) 170 (49.7)

       Girl 172 (50.3) 172 (50.3)

Place of residence    

Big city 139 (40.7) 137 (40.1)

Small and medium-sized cities 178 (52.0) 175 (51.2)

           Rural area 25 (7.3) 30 (8.7)

Household income (dollars/month)    

< 4,000 149 (43.6) 138 (40.3)

≥ 4,000–< 7,000 164 (47.9) 170 (49.7)

≥ 7,000–< 9,000 15 (4.4) 24 (7.0)

≥ 9,000 14 (4.1) 10 (3.0)

Mother graduated college or high school 263 (77.0) 263 (77.0)

Mother’s working status    

Not working 147 (43.0) 133 (38.9)

Working 195 (57.0) 209 (61.1)

Child’s smartphone ownership    

No 125 (36.5) 80 (23.4)

Yes 217 (63.5) 262 (76.6)

Time on smartphone (hr/day) 1.16 (0.80) 1.48 (0.92)

Note. M: mean, SD: standard deviation

Table 2 

Descrip[A1] tive Problematic Smartphone Use in Preteens(N = 342)
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  Wave 1   

General

n (%)

Risk

n (%)

Total

n (%)

Wave 2 General 160 (74.1) 33 (26.2) 193 (56.4)

Risk 56 (25.9) 93 (73.8) 149 (43.6)

Total 216 (63.2) 126 (36.8) 342

Table 3 

Differences in Variables Between the General and High-Risk Groups(N = 342)

Variables Wave 1 Wave 2

  General

M (SD)

Risk

M (SD)

General

M (SD)

Risk

M (SD)

Overall happiness 3.38 (0.44) 3.27 (0.45) 3.40 (0.46) 3.23 (0.46)

Self-esteem 3.53 (0.40) 3.47 (0.42) 3.54 (0.46) 3.45 (0.44)

Strengths and di�culties        

Internalizing problems 1.27 (0.28) 1.30 (0.30) 1.63 (0.24) 1.67 (0.24)

Externalizing problems 1.29 (0.31) 1.38 (0.35) 1.84 (0.28) 1.96 (0.33)

Prosocial behavior 2.53 (0.48) 2.43 (0.50) 2.60 (0.43) 2.43 (0.48)

School adjustment 4.20 (0.71) 3.99 (0.72) 4.28 (0.65) 4.02 (0.69)

Peer attachment        

Communication 3.16 (0.55) 3.02 (0.58) 3.19 (0.55) 3.01 (0.50)

Trust 3.26 (0.60) 3.14 (0.65) 3.30 (0.62) 3.13 (0.58)

Isolation 1.97 (0.62) 2.03 (0.66) 1.83 (0.54) 1.90 (0.58)

Parental supervision 4.77 (0.35) 4.59 (0.47) 4.71 (0.40) 4.57 (0.46)

Parenting behavior        

Authoritative 3.94 (0.38) 3.72 (0.30) 3.95 (0.33) 3.75 (0.38)

Authoritarian 2.29 (0.43) 2.44 (0.45) 2.22 (0.44) 2.41 (0.42)

Permissive 2.40 (0.27) 2.54 (0.28) 2.29 (0.32) 2.47 (0.31)
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Note. M: mean, SD: standard deviation


