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Smartphones have become the most commonly used Internet tool
for young people. This study aims to explore the relationship
between perceived stress and problematic smartphone use, as well
as the mediating role of rumination and emotion regulation. 500
middle school students participated. This study employed random
sampling method. SPSS macro PROCESS program was used to test
the mediation effect. This study found that there is a significant
positive correlation between perceived stress and problematic
smartphone use among junior high school students. The mediation
effect test results show that perceived stress can not only positively
predict problematic smartphone use, but also indirectly and
positively predict problematic smartphone use. This result reveals
the relationship between rumination and emotional regulation. The
level of individual rumination directly predicts emotions.
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INTRODUCTION

Smartphones have become the most commonly used Internet tool for young people (Fathalla,
2019). The benefits of the Internet and smartphones are unquestionable, but if smartphones are
used inappropriately, it will cause safety problems. Problematic smartphone use has quickly become
an important area of research for scholars. Excessive use of smartphones can lead to impaired daily
life functions and bring adverse consequences. For example, excessive use late at night can lead to
sleep problems, affected daily work and study (Mayerhofer et al., 2024), slow reaction speed (Zhang,
& Yang, 2024) and increase in depression (Bouazza et al., 2023).

Studies have shown that adolescents who are exposed to more stressful events are more likely
to fall into the Internet and cause problematic Internet use (Aziz et al., 2024; Xue et al., 2023). When
faced with family conflicts, academic pressure and peer pressure, adolescents are more inclined to
turn their attention to the Internet (Aziz et al., 2024; Chen et al., 2024; Saad, 2020), and expect to be
released and relieved from the Internet. A few studies have jointly explored the impact of cognitive
and emotional factors on problematic smartphone use. As indicated by Jeong &Bae's(2024) results,
perceived stress was positively related to smartphone addiction. Rumination mediated the
relationship between perceived stress and smartphone addiction.

The I-PACE model (the Interaction of Person-Affect-Cognition-Execution model) proposed by
Brand et al. (2016) believes that personal characteristics, affective and cognitive responses, and
individual executive function factors (Execution) will lead to the formation of Internet use problems.
Specific Internet use disorders (such as Internet game addiction, Internet gambling addiction,
Internet pornography addiction, Internet shopping addiction, or Internet social addiction) are
considered to be the result of the interaction between inducing variables (such as neurobiological
factors and psychological qualities), moderating variables (such as coping styles and Internet-related
cognitive biases), and mediating variables (such as affective and cognitive responses). Internet use
may bring us some kind of positive experience, which will strengthen our attention bias and craving
for Internet use cues. This experience will also consolidate Internet-related cognitive biases and
coping styles. All these consolidation mechanisms will make us repeat the behavior of social network
use.

LITERATURE REVIEW
THE RELATIONSHIP BETWEEN PERCEIVED STRESS AND PROBLEMATIC SMARTPHONE USE

Perceived stress refers to the emotional experience of tension, anxiety, fear and other
emotions generated through cognitive evaluation when an individual faces challenging and
threatening situations (Attia et al., 2022). According to the Internet compensation theory and use
gratification theory (Wei et al., 2024), individuals’ motivation and behavior to use the Internet are
induced by negative emotions, social anxiety and study pressure in life, and the Internet can provide
the satisfaction, security and online social support that individuals need. Stress is significantly
positively related to problematic smartphone use (Jiang & Zhang, 2024) Teenagers who experience
more life stress are more likely to be addicted to mobile phones (Zhang et al., 2024).

Once an individual finds that they can get satisfaction from mobile phone network interaction,
they will be more inclined to regard using mobile phones and the Internet as an effective coping
method, causing the individual's brain to automatically adjust when dealing with stress and negative
emotions. Initiate the method of turning to mobile phone networks to relieve discomfort and
thereby become dependent on mobile phones (Lian et al., 2021). Some studies support this view and
find that psychological distress and stress are related to problematic Internet use among adolescents
(Anand et al.,, 2021; Cai et al., 2023; Mougharbel et al., 2023). Accordingly, hypothesis 1 is set
forward:
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H.1. Stress perception positively predicts problematic smartphone use among adolescents.
THE MEDIATING ROLE OF RUMINATION

Stressful life events have a significant positive prediction effect on rumination (Van Grieken et
al.,, 2023). People go online because they want to relieve negative emotions caused by stressors
specifically, ruminators may psychologically escape negative thoughts by playing games or visiting
websites on their smartphones. Internet compensation theory has gained empirical support in
explaining ruminants’ excessive smartphone use (Benedetto et al., 2024).

Ruminists may turn to smartphones to relieve rumination by searching in large quantities for
information related to the problem (KHOO et al., 2021). In order to support this view, the research
found that in common People who ruminate are more likely to frequently use smartphones to send
text messages (Sakiroglu et al.,, 2017; Turan& Yilmaz,2024). Therefore, it is conceivable that
ruminants will use smartphones to manage their ruminations, and smartphones may play a
compensatory coping role. Accordingly, hypothesis 2 is set forward:

H.2. Rumination plays a mediating role between perceived stress and problematic smartphone use.
THE MEDIATING ROLE OF EMOTION REGULATION

The person-emotion-cognition-executive model (Brand et al., 2016) emphasizes that Internet
use disorders are caused by the interaction between inducing factors (psychological traits, biological
traits), moderating factors (coping styles, cognitive biases), mediating factors (emotions, cognitive
reactions) and decreased executive function. Emotion regulation theory believes that there are two
most commonly used emotion regulation strategies for individuals: cognitive reappraisal and
expression suppression. Cognitive reappraisal is an individual's way of alleviating his or her negative
emotions by changing his or her cognition of events. It is a proactive emotion regulation strategy;
while expression suppression is an individual's effort to control his or her negative emotions and
reduce the occurrence of emotional experiences, but in fact the emotions do not improve. It is a
reactive emotion regulation strategy. The former is an adaptive strategy, while the latter is a non-
adaptive strategy (Brand et al., 2016).

Studies have shown that expression suppression is associated with negative outcomes (Yan et
al.,, 2022). Cognitive reappraisal is associated with positive outcomes (Pauw et al., 2022). When
individuals suffer from stressful events in life for a long time and are unable to cope with them, they
will experience negative emotions such as anxiety and depression, which will lead to difficulty in
emotion regulation (Pauw et al., 2022). Stress positively predicts difficulty in emotion regulation
(Zhou et al., 2024).

Adolescents facing stressful life events are more inclined to adopt maladaptive strategies
(Kamel,2018), and the maladaptive strategy of expression inhibition is significantly positively
correlated with problematic smartphone use (Saad & Kamel, 2020). An increasing number of studies
have found that emotion regulation deficits are related to problematic social media use (Saad,2020).
Accordingly, hypothesis 3 is set forward:

H.3. Emotion regulation plays a mediating role between perceived stress and problematic
smartphone use.

MEDIATING EFFECT OF RUMINATION AND EMOTION REGULATION

Rumination refers to the phenomenon that individuals constantly think about the causes of
negative emotions and the possible serious consequences, but do not take positive and effective
measures to solve the problem (Joubert et al., 2022). Current research on rumination is closely
related to negative emotions, such as anxiety and depression. According to cognitive emotion
regulation strategies, individuals are more inclined to adopt non-adaptive strategies when they are
lost in thought (Zhou & Zhou, 2024).
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When they adopt expression inhibition strategies to adjust their emotions, they are prone to
negative emotions such as anxiety and depression, and negative cognitive emotions can cause
individuals to become dependent on mobile phones (Cui et al., 2024). Information processing theory
believes that the control, retention and processing of information will continuously consume
individuals' limited information resources, thereby affecting their response and decision-making
abilities (Lai et al., 2022).

When individuals fall into rumination and adopt emotion regulation strategies, they need to
consume their own psychological resources to cope with other activities. Insufficient psychological
resources and lack of self-regulation and control ability lead to irrational decisions and negative
coping (Zagaria et al., 2023). Smartphones and the Internet are the "best" coping methods for
individuals. Other studies have found that rumination can positively predict emotional exhaustion
(Liu, 2024). Negative stress life events induce individuals to have rumination, and rumination will
shift the individual's attention to negative emotions and cognition, leading to their emotional coping
style regulation (Liu, 2024). Studies have found that the frequency of use of expression suppression
strategies significantly predicts college students' mobile phone dependence (Zhang & Jiang,2017).
Accordingly, hypothesis 4 is set forward:

H.4.: Rumination and emotion regulation play a chain mediating role in the mechanism of the
influence of perceived stress on problematic smartphone use.

Thus, this study intends to explore the relationship between perceived stress and problematic
smartphone use, as well as the mediating role of rumination and emotion regulation.

METHODS

SAMPLE

Random sampling was used to select middle school students from four middle schools in Nasr
City, Egypt. 600 questionnaires were distributed. After eliminating invalid questionnaires, 500 valid
questionnaires were collected, and the effective recovery rate reached 83.3%. The age of the
subjects was between 13 and 15 years old. The sample included 280 boys and 220 girls; 100 were in
the first grade, 300 were in the second grade, and 100 were in the third grade.

DATA COLLECTION INSTRUMENTS

The Arabic version of the Cohen perceived stress scale (Ali et al., 2021). it is a 10- item scale.
Responses come at a 5-point response scale (0 = never, 1 = almost never, 2 = sometimes, 3 = fairly
often, 4 = very often). A total score of the PPS-10 is obtained by summing up all item scores. Higher
scores denote higher levels of perceived stress. The scale has internal reliability of r=. 92 and test-
retest reliability of .78.

Rumination scale (Marchetti et al., 2018). It is an 8- item scale. The scale used a 4-point Likert-
type scale, ranging from 1 (almost never) to 4 (almost always). In this study, the internal consistency
coefficient of the scale was 0.92. A back translation was performed by a bilingual Arabic-English
person. The translated English version, when compared to the original one, proved to be
semantically equivalent.

The Arabic version of Cognitive Emotion Regulation Questionnaire (Saad& Kamel, 2020). This
study adopted the positive reappraisal from this scale. It has 8 items. In this study, the internal
consistency coefficient of the subscale was 0.92.

The Arabic version of Smartphone Addiction Scale (Fathalla, 2019). It is a 10 items with a 6-point
Likert scale from 1 = strongly disagree, 6 = strongly agree. Total scores typically range from 10 —60,
with higher score indicating Problematic Smartphone Usage. In this study, the internal consistency
coefficient of the subscale was 0.90.
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RESULTS

DESCRIPTIVE STATISTICS ANALYSIS

As shown in Table 1, perceived stress is significantly and positively correlated with rumination,
emotional regulation (expressive suppression), and problematic smartphone use. Rumination,
emotional regulation (expressive suppression), and problematic smartphone use are significantly
related. There is a significant positive correlation between emotional regulation (expressive
suppression) and problematic smartphone use. There is a significant negative correlation between
perceived stress and emotional regulation (cognitive reappraisal). Emotion regulation (cognitive
reappraisal) was not related to problematic smartphones.

Table 1. Descriptive statistics of each variable and correlation matrix

Variable M SD 1 2 3 4 5
1. Perceived stress 3.18 1.02 -

2. Rumination 3.00 1.05 -

3. Cognitive Reappraisal 3.02 1.00 —0.17 0.19 -

4. Expression inhibition 3.10 1.01 0.39 0.36 0.30 -

5. Problematic smartphone use 3.11 1.03 0.37 0.40 0.13 0.41 -

Note: n =500. p < 0.01.

CHAIN MEDIATION MODEL TEST

As can be seen from Table 2, the model fitting index RMSEA =009, CFI =094, TLI =092, SR MR
= 0 04, Data versus model The fit is good. Perceived stress significantly and positively predicts
problematic smartphone use among adolescents (B =061, t =8 45, p < 0 001).Thus, hypothesis 1 is
supported. Secondly, the mediating effect of rumination on perceived stress and problematic
smartphone use was analyzed. The results found that the model fitting index RMSEA = 0 08, CFI =0
94, TLI = 0 92, SRMR = 0 0 4. The data fits the model well. Bias correction The quantile Bootstrap
mediation effect significance test results show that the 95% confidence interval of the mediating
effect of rumination on stress perception and problematic smartphones is [0. 28, 0. 54], the interval
does not include 0, and the mediating effect is significant, that is, rumination thinking is the
mediating variable between perceived stress and problematic smartphone use. Thus, hypothesis is
supported. The mediating effect of emotion regulation (expression suppression) between perceived
stress and problematic smartphone use was analyzed again. The results found that the model fitting
index RMSEA =008, CFI=094, TLI =092, SRMR =0 04.

The results of the bias-corrected percentile Bootstrap mediation effect significance test show
that the 95% interval of the mediating effect of emotion regulation (expression suppression) on
perceived stress and problematic smartphone use is [0 27, 0 49], and the interval Excluding O, the
mediating effect is significant, that is, emotion regulation (expression suppression) is the mediating
variable between perceived stress and problematic smartphone use. Hypothesis 3 is supported.

Finally, the chain mediation model is analyzed. Model fitting index RMSEA = 0 08, CFl = 0 94,
TLI = 0 92, SRMR = 0 04. Figure 1 shows that perceived stress can significantly and positively
predict rumination (B = 0.53, t=18.33, p<0 001). Rumination thinking can significantly and
positively predict emotion regulation (expression suppression) (B = 0.36, t = 3. 18, p<0 001), and
emotion regulation (expression suppression) can significantly and positively predict problematic
smartphone use (B = 0.25, t = 3. 88, p <0 001). Perceived stress can significantly and positively predict
emotion regulation (expressive suppression) (B = 0. 35, t =3. 19, p <0 001) . Rumination can positively
predict problematic smartphone use (B = 0.29, t = 3. 87, p < 0 001). In addition, the direct effect of
perceived stress on problematic smartphone use is still significant (B = 0.30, t = 4. 13, p < 0 001). Bias
correction percentage Bootstrap significance test of mediation effect and mediation effect results.
The effect value and effect size are shown in Table 2. The 95% confidence interval of the chain
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mediation effect of rumination and emotion regulation (expressive suppression) between stress
perception and problematic smartphone use is [0. 01, 0 .09], the interval does not include 0, the
chain mediation effect is significant, hypothesis 4 is supported.

Table 2 Analysis of the Effects of Perceived Stress on Problematic Smartphone Use

Path Effect Boot SE 95%Cl Effect size
(%)

Perceived stress - rumination = problematic smartphone use 0.5 [0.13-0.33] 26.77
0.17

Perceived stress — Expressive suppression = Problematic 0.4 [0.8-0.28] 13.22
smartphone use 0.08

Perceived stress - Rumination - Expressive inhibition - 0.2 [0.02-0.18] 8.20
Problematic smartphone use 0.4

Direct effect 0.30 0.5 [0.01-0.07] 46.17

Indirect effect 0.28 0.6 [0.23-0.36] 49.19

Total effect 0.54 0.8 [0.40-0.70]

Figure 1 Results of the Chain Mediation Effect Model Between Perceived Stress and Problematic Smartphone
Use

Expression

suppression

B %
0.53 0.35** 0.29 ** 0.25*

Problematic Mobile

Perceived stress 0.30 sk h
. > phone use

(Note: p<0.01)
DISCUSSION

The aim of this study was to explore the relationship between perceived stress and problematic
smartphone use, as well as the mediating role of rumination and emotion regulation. This study
found that there is a significant positive correlation between perceived stress and problematic
smartphone use among junior high school students. The mediation effect test results show that
perceived stress can not only positively predict problematic smartphone use, but also indirectly and
positively predict problematic smartphone use.

Individuals with high perceived stress are more likely to engage in problematic smartphone use,
which is consistent with prior studies (e.g. Yang et al., 2021; Zhang et al., 2022), and supports the
Internet compensation theory (Kardefelt-Winther, 2014), indicating that when individuals experience
negative life events, negative emotions, and stress, they tend to seek emotional and social support
on the Internet to relieve their own stress and loneliness.

Adolescents are in adolescence and are susceptible to stressful events in life. When they face
pressure in adapting to a new environment, interpersonal relationships, academics, and society and
are unable to cope effectively, they will look for resources on the Internet to relieve discomfort (Li et
al., 2022). The inclusiveness and convenience of mobile phones have made them the best choice for
relieving stress. The prevalence of mobile phone use and the existence of various social media
software and virtual games have made mobile phones an increasingly popular way for teenagers to
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relieve stress. Over time, teenagers will become addicted to online social networking and develop
problematic smartphone use.

The structural equation model found that in addition to the direct effect of perceived stress on
problematic smartphone use, rumination also had an indirect effect on problematic smartphone use,
with the indirect effect reaching 27.82%. Specifically, perceived stress positively predicted
rumination, and rumination also positively predicted problematic smartphone use. This is consistent
with previous research results (Feng & Dou, 2024). The stress response model of rumination believes
(Robinson & Alloy, 2003) that individuals who have experienced stressful events are more likely to
fall into rumination. This causes individuals to shift their attention from negative events to their
mobile phones, leading to problematic mobile phone use.

Perceived stress has a negative impact on problematic smartphone use through emotion
regulation (expressive suppression). Specifically, stress perception positively predicts emotion
regulation. At the same time, emotion regulation (expressive suppression) also positively predicts
problematic smartphone use. When faced with pressure, students who are not good at expressing
their thoughts may turn their negative emotions to their mobile phones. Cognitive reappraisal is a
positive emotion regulation strategy. Adolescents who are good at using cognitive reappraisal
strategies will be more proactive in thinking about and solving problems. , look optimistically at some
sudden crises and adverse events in life. Previous research has also shown that cognitive reappraisal
is related to positive outcomes (Shumet al., 2024), and expression inhibition is related to negative
outcomes.

CONCLUSION

This study verified the hypothesis that perceived stress has an indirect effect on problematic
smartphone use through the chain mediation effect of rumination and emotion regulation. This may
reflect the role of rumination and emotion regulation in the relationship between perceived stress
and problematic smartphone use in adolescents. Rumination plays an important role. Long-term
exposure to stress can cause adolescents to develop negative emotions of anxiety and depression.
This result reveals the relationship between rumination and emotional regulation. The level of
individual rumination directly predicts emotions. Regulatory strategies, rumination and expression
inhibition are significantly positively correlated. According to the stress response model and the
Internet compensation theory, long-term exposure to stress and other stressful events will trigger
rumination in individuals. Individuals who adopt expression suppression strategies to regulate their
emotions will transfer their negative emotions to the mobile phone network and gain satisfaction
from it, which will lead to problematic smartphone use.

LIMITATIONS

This study is not without limitations. The most important of which is that it is a cross-sectional study,
which makes it difficult to reveal the impact of adolescents' perceived stress regarding the effects of
problematic smartphone use, future longitudinal studies with large samples should be conducted to
explore the influencing factors and mechanisms of problematic smartphone use among adolescents.
Gender differences were not addressed. Future research should consider the differences based on
gender.
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