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This study analyzes the effects of smartphone overdependence and the quality of friendship on depression among high school
students in Korea. The study subjects were 121 high school students. Smartphone overdependence was assessed using the
smartphone overdependence scale for adolescents, depression was assessed using the Korean version of the patient health
questionnaire-9, and the quality of friendship was assessed using the friendship quality questionnaire. The results of the
correlation analysis showed statistically significant differences among all the variables. The results of the multiple linear
regression analysis showed that smartphone overdependence increases the depression level, whereas the quality of friendship
lowers it. To decrease depression among high school students, smartphone overdependence and the quality of friendship
should be managed appropriately. Moreover, the causal relationships and mediating effects between smartphone
overdependence and the quality of friendship should be analyzed.

1. Introduction

The development of smartphones is playing a leading role in
the changes as modern society enters the Fourth Industrial
Revolution era. This development is accelerating worldwide,
and the use of smartphones is also increasing rapidly [1].
According to the recent survey by a US research institute,
South Korea has the highest penetration rate of smartphones
globally [2]. Smartphones can increase the efficiency of work
processes as well as be used as educational tools [3]. In addi-
tion, they allow people to form interpersonal relationships
and maintain those relationships using social networking ser-
vices. In particular, smartphones are important tools for indi-
viduals to form their own culture, express themselves, and
decrease the stress of daily life [4].

However, despite their positive functions of smart-
phones, various social problems have been induced by dys-
functional smartphone use, and these problems have
occurred in various age groups from children to adults [2].
Among these social problems, smartphone overdependence
has increased significantly, with a concurrent rise in the

number of studies examining this phenomenon [1]. Smart-
phone overdependence indicates the state in which an individ-
ual’s ability to control their smartphone use is markedly
decreased to the point that using a smartphone is considered
to be the most important activity in their daily life [5]. In addi-
tion, it is defined as a state of the excessive use of smartphones
despite experiencing negative consequences including a
decrease in academic achievement and work efficiency [6].

The period of high school is a transitional period for
individuals to prepare for adulthood. During this life stage,
it is important to achieve one’s core goals to form appropri-
ate social roles and build interpersonal skills [7]. Kim et al.
[8] reported that the high school period enables students
to perform social roles by learning the appropriate attitudes
and communication skills as a preliminary member of soci-
ety. This stage also allows them to experience relationships
with others as well as form self-confidence, emotional stabil-
ity, and self-identity. However, physical, sexual, cognitive,
and emotional changes occur rapidly in this period, which
can create negative emotions such as uncertainty and dis-
connection [8]. Accordingly, high school students may lose
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their direction due to a lack of awareness of their existence
and values, and failing to form the correct values and a sense
of self-congestion leads to various problems [9].

In particular, if such problems affect the formation of
friendship networks and their quality, conflicts in the perfor-
mance of social roles may be induced; such problems in
social interaction and adaptation may be caused by the
inability to accept and respond to others [8]. Moreover,
excessive demand to perform social roles can increase the
psychological burden and stress of high school students,
inducing physiological and psychological reactions and thus
stress [9]. Further, these problems can induce depression,
which is considered to be the most serious psychological
problem in modern society and one that affects high school
students’ daily and school life. Depression, a typical psycho-
emotional symptom that appears in daily life, is also a neu-
ropsychological symptom that arises due to negative moods
such as distress and lethargy and emotional problems caused
by a decrease in activity performance [10].

Various studies have analyzed the level of smartphone
overdependence of high school students. However, most have
only reported problems related to their academic achievement
[4, 11], adaptation to school life [12], and friendships [13].
Moreover, studies of the psychological problems caused by
smartphone overdependence among high school students
have only analyzed the outcomes of stress, self-efficacy, and
self-control [14] as well as the effects on cyberbullying [15].
In addition, although studies have analyzed the link between
depression and the quality of friendship, they are scarce, and
no studies have thus far examined the relationship between
depression and the quality of friendship based on smartphone
overdependence.

Therefore, this study was performed to analyze the effects
of smartphone overdependence and the quality of friendship
on depression among high school students in Korea.

2. Materials and Methods

2.1. Study Subjects and Period. The study subjects were 121
high school students attending in the W high school in J city
in Korea. Following Hwang et al. [1], they were sampled
using convenience sampling. Included individuals were
those who use a smartphone, have not been diagnosed with
a learning disability or mental disorder or have no prior his-
tory of them, and agreed to participate in this study volun-
tarily. The participants were recruited from the school with
the cooperation of their teacher at the beginning of the
study. The purpose and content of this study were provided
in an online form.

The number of study subjects was calculated using the
G∗Power 3.1.9.4 software, with an effect size of .50, a signif-
icance level of .05, a power of.90, and a two-sided test [1]. As
a result, at least 42 individuals were required as the subjects
in this study. However, 121 high school students eventually
participated. Consent was provided based on the ethical
standards of the Declaration of Helsinki. Before participat-
ing, the subjects received a sufficient explanation of the pur-
pose and methods of this study. Accordingly, this led to their
voluntary decision to participate in this study. Written con-

sent was provided online due to the social conditions caused
by the COVID-19 pandemic. This study was conducted for
eight weeks from April to June 2020.

2.2. Study Procedure. To analyze the effects of smartphone
overdependence and the quality of friendship on depression,
a single-group study design was applied, and a causal analy-
sis of the variables was performed. Data collection and
assessment were performed using an online survey consider-
ing the COVID-19 pandemic situation. Each assessment was
conducted by an occupational therapist, who is an author of
this paper. As noted above, before the online assessment, a
sufficient explanation of the purpose and methods of this
assessment and study was provided to the study subjects
for them to understand. The assessment was conducted in
a comfortable and stable condition with few distractions in
the environment, which induced the participants to respond
to the assessment items individually.

2.3. Smartphone Overdependence Assessment. The smart-
phone overdependence scale for adolescents was used to
measure the level of smartphone overdependence among
the study subjects. This integrated scale developed by the
National Information Society Agency in Korea in 2016 is
based on the standardized internet dependence scale and
smartphone dependence scale developed in 2011. It is
designed to measure the level of smartphone overdepen-
dence using a self-report 10-item questionnaire divided into
three sub-areas: failure of accommodation, salience, and
problematic outcome. Each score is measured on a four-
point Likert scale from 1 to 4, and the total score ranges
from 10 to 40 points. A higher score indicates a higher level
of smartphone overdependence. Specifically, those scoring
31 points or more are classified as the high risk group, and
those scoring 23 to 30 points are classified into the potential
risk group. The Cronbach’s α of the smartphone overdepen-
dence youth scale was .85 during development [6] and the
Cronbach’s α in this study was .86.

2.4. Depression Assessment. The Korean version of the
Patient Health Questionnaire-9 (PHQ-9) was used to mea-
sure the level of depression among the study subjects. The
PHQ-9 was translated into Korean and modified by Cho
et al. [16]. This assessment aims to meet the diagnostic cri-
teria for major depressive disorders in DSM-V. It is a self-
report questionnaire that can sensitively identify depression.
In addition, the PHQ-9 is a useful assessment in clinical set-
tings because it has higher sensitivity and specificity than the
SDS and BDI assessments used to measure depression [17].
The PHQ-9 consists of nine items, and each score is mea-
sured on a four-point Likert scale from 0 to 3. The total score
of the PHQ-9 ranges from 0 to 27 points. A higher score
indicates a higher level of depression. If the total score is
10 or more, it is classified as depression. The Cronbach’s α
of the PHQ-9 was .85 during development. When a score
of 10 or more was judged as a cut-off point, sensitivity was
reported to be 81.8 and specificity to be 89.9 [16]. The Cron-
bach’s α in this study was.85.
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2.5. Quality of Friendship Assessment. The Korean version of
the friendship quality questionnaire (K-FQQ) was used to
measure the quality of friendship among the study subjects.
The K-FQQ was developed by Parker and Asher [18] and
then modified by Kim for the Korean setting [19]. The K-
FQQ consists of 21 items, including conflict resolution, help
and guidance, company and entertainment, recognition and
consideration, and close interaction. Each score is measured
on a five-point Likert scale from 1 to 5, and the total score of
the K-FQQ ranges from 21 to 105 points. A higher score
indicates a higher quality of friendship. The Cronbach’s α
of the K-FQQ was .914 during development [20], and the
Cronbach’s α in this study was .957.

2.6. Statistical Analysis. The collected data for each question
were coded and analyzed using STATA version 14.2. The
general characteristics of the study subjects were analyzed
using descriptive statistics, and the correlations among the
variables were analyzed using correlation analysis. More-
over, to verify the causal relationships among the variables,
in the regression analysis, White’s test was performed to
confirm homoscedasticity, and then multiple linear regres-
sion analysis using robust diagonally weighted least squares
(RDWLS) was performed. The statistical significance level
was set to 95%.

3. Results

3.1. General Characteristics of the Subjects. Table 1 shows the
general characteristics of the study subjects. The 121 high
school students had an average age of 16.69 years, and 70
were boys (57.85%). They were all in the second grade.

3.2. Results of the Analysis of each Variable. As shown in
Table 2, for smartphone overdependence, the mean number
of points was 20.36, and the range was 29 points from a min-
imum of 10 points to a maximum of 39 points. The skew-
ness value was .225, and kurtosis was .045. For depression,
the mean number of points was 4.22, and the range was 27
points from a minimum of 0 points to a maximum of 27
points. The skewness value was 2.275, and kurtosis was
6.591. For the quality of friendship, the mean number of
points was 79.33, and the range was 44 points from a mini-
mum of 61 points to a maximum of 105 points. The skew-
ness value was .109, and kurtosis was -.186. The results of
each variable were confirmed to satisfy the criteria for a nor-
mal distribution [21].

3.3. Results of the Correlation Analysis among the Variables.
As shown in Table 3, there was a positive correlation between
smartphone overdependence and depression (r = :343, p < :01
) and a negative correlation between smartphone overdepen-
dence and the quality of friendship (r = −:203, p < :05). In
addition, there was a negative correlation between depression
and the quality of friendship (r = −:600, p < :01). Thus, these
results confirmed that as the degree of smartphone overdepen-
dence increases, the level of depression increases and the qual-
ity of friendship decreases.

3.4. Results of the Multiple Linear Regression Analysis among
the Variables. As heteroscedasticity was suspected (see
Table 4), White’s test was performed. The results in Table 5
show that homoscedasticity was rejected (p < :001), suggesting
a high possibility of heteroscedasticity. To address these prob-
lems, multiple linear regression analysis with RDWLS was per-
formed using STATA software.

Table 6 shows the results of the multiple linear regres-
sion analysis with RDWLS. The explanatory power of smart-
phone overdependence and the quality of friendship as the
independent variables for the depression level of the study
subjects was 41.1% (R2 = :411), and the research model was
therefore confirmed to be suitable (F = 20:39, p < :001). In
detail, smartphone overdependence had a positive effect on
the depression level (Coef : = :203, B = :231, p < :05), whereas
the quality of friendship had a negative effect
(Coef : = − :2261, B = −:553, p < :001). According to these
results, the higher the effect of the depression level on smart-
phone overdependence and the lower the quality of friend-
ship, the higher the depression level.

4. Discussion

In this study, the results of the analysis showed the positive
effect of smartphone overdependence on depression among
high school students, indicating that if the level of smart-
phone overdependence increases, the depression level
increases as well. Generally, high school students use their
smartphones to escape from the psychological burden and
stress of learning and social interaction as well as control
their emotion and mood in daily and school life [12]. Stu-
dents spend more time using their mobile phone than ever
before, and they are comfortable using their smartphone to
communicate. Hence, such use places them in a positive psy-
chological situation and makes their life easier [22].

In addition to the clear communication benefits that
smartphones provide, their high usability influences people’s
daily habits (e.g., sending text messages while walking) and
encourages users, especially young people, to spend a lot of
time on their smartphone daily [22–24]. In Korea, smart-
phone use by high school students is rapidly increasing
and causing various social problems. According to the
2019 Youth Survey in Korea, four out of five high school stu-
dents own a smartphone, and 29.3% of those aged 10–19
years are in the high-risk group of smartphone overdepen-
dence [25]. Moreover, high school students account for
28.3% of the high-risk group and are significantly more
overdependent on smartphones than middle school stu-
dents [26].

Smartphone-related risks have been investigated in terms
of the various health conditions, with particular attention paid
to the link between electromagnetic field exposure and

Table 1: General characteristics of the subjects (n = 121).

Age (years) Sex (n, %) Grade (n, %)

16:69 ± :46 Male Female
Second grade 121 (100)

70 (57.85) 51 (42.15)
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headache, fatigue, and other non-specific symptoms [22, 27].
Shim et al. [28] reported that the use of smartphones increases
time alone as well as smartphone dependence. In addition,
from a neurophysiological point of view, they reported that
visual stimulation from the smartphone causes functional
problems in the frontal lobe of the cerebral cortex in the brain,
increasing problems related to impulse control and thinking
and judgment. Kim et al. [8] also reported that smartphone
overdependence limits the cognitive processes of thinking
and judgment, induces self-centered thinking and judgment
in virtual environments and psychological distress, and con-
tributes to raising depression. According to Moon et al. [29],
these problems are significant and induce negative changes
in daily and school life (e.g., learning, activities of daily life,
and social interaction). Our finding of a positive relationship
between smartphone overdependence and depression among
high school students concurred with these studies above.

Various studies have previously verified the significant
effect of smartphone overdependence on mental health such
as obsessive behavior, anxiety, and depression [30]. Under
these conditions, if individuals do not use their smartphones,
abnormal symptoms in the autonomic nerve system appear,
and psychological discomfort such as anger, irritability, and
anxiety rises [1]. Most studies agree that depression is an
important predictor of smartphone overdependence and the
most important variable of mental health [30]. Moon et al.
[29] reported that depression has a stronger relationship with
smartphone overdependence than with other mental health
factors and is a crucial factor determining the risk of smart-
phone addiction. Accordingly, this study’s results have clinical
significance. To decrease smartphone overdependence and
depression, appropriate approaches and considerations are
needed for high school students.

In this study, we found a negative effect of the quality of
friendship on depression among high school students, indicat-
ing that if the quality of friendship decreases, the depression
level increases. Various studies have previously reported that
friendship is important for high school students. Cho and
Kim [7] reported that friendship is an important activity to
prepare for adulthood and form social roles and interpersonal
skills. In addition, Kim et al. [8] reported that friendship plays
an important role for students to experience social positions
and status and learn methods to form appropriate interper-
sonal relationships as well as form self-identity, confidence,
and values. However, problems with friendships in this period
increase emotional instability, hamper the formation of appro-
priate values and self-identity, and increase negative emotions
such as feelings of uncertainty and disconnection [9].

A decrease in the quality of friendship directly limits
social interaction and raises psychological distress. Thus,

Table 2: Results of the analysis of each variable.

Variable Mean S.D. Range Skewness Kurtosis

Smartphone overdependence (points) 20.36 5.91 29.00 (10–39) .225 .045

Depression (points) 4.22 5.20 27.00 (0–27) 2.275 6.591

Quality of friendship (points) 79.33 10.99 44.00 (61–105) .109 -.186

∗∗p < :01.

Table 3: Results of the correlation analysis among the variables.

Variable 1 2 3

1. Smartphone overdependence (points) 1

2, depression (points) .343∗∗ 1

3. Quality of friendship (points) -.203∗ -.600∗∗ 1

∗∗p < :01, ∗p < :05.

Table 4: Results of the multiple regression analysis among the
variables.

Variable Coef. S.E. t

Smartphone overdependence .203∗∗ .063 3.20

Quality of friendship -.261∗∗∗ .034 -7.66

Constant 20.817∗∗∗ 3.249 6.41

R2 .411

Adj. R2 .401

F (2,118) 41.12∗∗∗

N 121

∗∗∗ p < :001, ∗∗p < :01.

Table 5: Results of White’s test.

Item Chi2 Df p

Heteroscedasticity 34.90 5 .00∗∗∗

Skewness 18.87 2 .00∗∗∗

Kurtosis 3,12 1 .08

∗∗∗ p < :001.

Table 6: Results of the multiple regression analysis with RDWLS
among the variables.

Variable Coef. S.E. t

Smartphone overdependence .203∗ .087 2.34

Quality of friendship -.261∗∗∗ .042 -6.23

Constant 20.817∗∗∗ 3.644 5.71

R2 .411

Adj. R2 .402

F (2,118) 20.39∗∗∗

N 121

∗∗∗ p < :001, ∗p < :05.
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when the performance of social roles conflicts, the depression
level increases significantly [8]. Buck and Dix [31] reported
that among adolescents, friendship quality mediates the rela-
tionship between inhibition and depression symptoms and
that inhibition increases conflict, while conflict decreases sup-
port and positive affect among friends. Thus, the quality of
friendship induces loneliness and social dissatisfaction and
can lower mental health. Nangle et al. [32] also reported that
the quality of friendship is significantly related to depression
mediated by loneliness. According to these studies, such prob-
lems lead to adaptation challenges in daily and school life
among high school students and lower academic achievement.
Thus, to decrease the depression level and improve the quality
of friendship among high school students, appropriate mea-
sures should be prepared and applied.

In addition, the results of the multiple linear regression
analysis showed that the quality of friendship has a greater
effect on the depression level than does smartphone overde-
pendence. Friendship among high school students is impor-
tant for their psychological and social development and
helps them construct their identity [33]. In particular,
friendship quality determines their success in social relation-
ships and affects their psychological adjustment and social
competence [34]. Thus, high school students who have close,
stable, and supporting friendships tend to experience fewer
interpersonal conflicts and a lower level of depression [33].
The use of smartphones enables wider interpersonal rela-
tions and better relationship-building with friends using var-
ious apps and mobile content [35]. Indeed, smartphone use
plays a positive role in maintaining comfortable relations
and making friends with people with common interests [33].

However, Matsuda [36] reported that such selective
friendships (i.e., maintaining only personally comfortable
relations and making friends with those with common inter-
ests) makes people’s friendships close and suggests a poten-
tial risk of closed interpersonal relations. In addition, Devitt
and Roker [37] stated that during smartphone use, most
people fail to understand each other because of the use of
non-verbal elements such as gestures and facial expressions.
These problems induce interpersonal conflicts. When com-
municating with others using a smartphone, about 28% of
the surveyed respondents in Kamibeppu and Sugiura’s [35]
study experienced their message being misunderstood and
about 48% felt insecure when their messages were not
answered, suggesting that relatively many people feel emo-
tional instability during communication. Thus, to analyze
the causal relationships and mediating effects among smart-
phone overdependence and the quality of friendship, causal
and path analyses should be conducted.

The study’s limitations were as follows. The purpose of
this study was to analyze the effects of smartphone overde-
pendence and the quality of friendship on depression among
high school students. The correlation analysis showed statis-
tically significant relationships among all the variables.
However, according to the multiple linear regression analy-
sis, the effects were confirmed only between smartphone
overdependence and the quality of friendship/depression.
Thus, follow-up studies should aim to verify the effects of
smartphone overdependence and the quality of friendship

and confirmatory factor analysis and path analysis should
be conducted to analyze the effects among the variables.
Moreover, this study did not analyze the sub-factors of
smartphone overdependence. Thus, it did not verify the rela-
tionships and effects of the sub-factors of smartphone over-
dependence. Follow-up studies could aim to examine the
relationships and effects of the sub-factors of smartphone
overdependence on the variables. Lastly, this study did not
compare groups, as it had a single-group study design.
Therefore, a comparative analysis study with other groups
is necessary in the future.

5. Conclusion

This study analyzed the effects of smartphone overdependence
and the quality of friendship on depression among high school
students. We found a positive correlation between smart-
phone overdependence and the depression level, indicating
that an increase in smartphone overdependence raises the
level of depression. In addition, we found a negative correla-
tion between the quality of friendship and depression, indicat-
ing that a decrease in the quality of friendship raises the level
of depression. The effect of the quality of friendship on depres-
sion was higher than that of smartphone overdependence on
depression. Thus, to decrease the depression level, smartphone
overdependence and the quality of friendship should be man-
aged properly among high school students. Further, the causal
relationships and mediating effects between smartphone over-
dependence and the quality of friendship should be analyzed
more in detail.
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