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Abstract: Background: The prevailing mobile phone use brought the problem of addiction, which
might cause negative consequences. Effortful control and mind wandering were associated with
addictive behavior. The present study aimed to investigate the dimension-level relationships between
effortful control, mind wandering, and mobile phone addiction. Methods: A total of 1684 participants
participated this study. The mobile phone addiction, effortful control, and mind wandering were
measured through self-report scales, respectively. Dimension-level network of these psychological
variables was estimated and bridge expected influence (BEI) values for each node was calculated.
Results: Dimensions of mobile phone addiction, effortful control, and mind wandering exhibited
distinct and complex links to each other. The node “activation control” exhibited the highest negative
BEI value (BEI = −0.32), whereas “spontaneous thinking” showed the highest positive BEI value
(BEI = 0.20). Conclusions: Different dimensions of effortful control and mind wandering had varied
yet significant connections with distinct dimensions of mobile phone addiction, facilitating under-
standing of the specific pathways underlying the three constructs. The identified dominant bridge
nodes can provide potential targets for the intervention of mobile phone addiction.

Keywords: effortful control; mind wandering; mobile phone addiction; network analysis

1. Introduction

In our modern intelligent era, mobile phones play a key role in everyday life, integrat-
ing functions such as communication, entertainment, education, and work [1–3]. Studies
have indicated that the number of Chinese netizens is growing, with 99.8% of them using
mobile phones to access the Internet [4]. As a result, the risk of mobile phone addiction is on
the rise [5,6]. Research has shown that mobile phone addiction can lead to various physical,
mental, and social problems [7]. For example, Lemola et al. found that the duration of
mobile phone use was negatively correlated with sleep time and positively correlated
with dyscoimesis [8]. Darcin et al. discovered that mobile phone addiction could lead to
social anxiety and higher levels of loneliness [9]. Elhai reported that mobile phone overuse
during the COVID-19 pandemic could result in negative emotions such as anxiety and
depression [10]. These cognitive, emotional, and behavioral issues caused by mobile phone
addiction can have potential negative impacts on both individuals and society at large [11].
Therefore, scholars are currently intent on exploring the influencing factors for mobile
phone addiction and ways to reduce its incidence.

Many studies have examined the risk factors associated with mobile phone addiction.
For example, neurotic personality has been reported to be positively associated with a
tendency toward mobile phone addiction [12]. Moreover, loneliness has been linked to
higher mobile phone usage frequency [13]; while negative coping styles were positively
correlated with mobile phone addiction scores [14]. In their exploration of risk factors,
researchers have put forward several theoretical models. For example, the Interaction of
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Person-Affect-Cognition-Execution model proposed by Brand et al. in 2016 suggested
that executive function was related to addiction susceptibility [15]. Billieux and others
put forward the antisocial approach in the comprehensive model in 2015, claiming that
emotional and impulsive personality traits were risk factors for problematic mobile phone
use [16]. Lambert and others put forward the result expectation model in 2011, which
held that individual’s cognitive function played an important role in the formation of
mobile phone addiction [17]. These models generally tended to focus on effortful control,
a dimension of individuals’ executive function. Effortful control refers to the ability to
restrain automatic behavior and adhere to one’s target [18]. This ability comprises three
dimensions: activation control, inhibitory control, and attentional control [19–25]. Individ-
uals with a higher level of effortful control can better concentrate, divert their attention,
and restrain inappropriate reactions in a timely fashion, particularly in situations involving
avoidance tendencies [26]. Smartphone addicts tend to pay attention to network-related
clues, which leads to attention difficulties [27,28]. In the early stage of the inhibition process,
smartphone addicts will have more contradictions and obvious inhibition function defects,
and this defect which is not limited by mobile phone-related stimuli [29]. Individuals who
are addicted to or overuse smart phones are worse at implementing control system and
impulsiveness, self-reported problematic smartphone usage was associated with deficits in
latent factor task-switching [30,31]. Impulsivity is an important personality trait associated
with mental health problem [32]. Impulse is often referred to as risk-taking choices, lack of
planning, the tendency to act prematurely, poor ability to inhibit priming responses, and
non-reflective choices for immediate rewarding response [33,34]. Impulse often leads to
numerous negative consequences, including interpersonal relationships, social issues and
criminal behavior [35]. Numerous studies have shown that effortful control ability acts as a
protective factor with regard to negative events and adaptation issues [36,37]. Individuals
with greater effortful control ability are better able to adapt to their environment, delay grat-
ification, and control their unreasonable dependence and desire on mobile phones [38,39].
Based on the path model of mobile phone addiction proposed by Billieux et al. (2015), it is
also known that the individual will control ability is one of the important factors affecting
mobile phone addiction [40,41]. Based on the antecedent model of Internet addiction, it
can be seen that there is a significant correlation between the level of addiction and the
will control ability, and that the low ability of will control is considered as a significant
risk factor in the occurrence and development of addiction [42,43]. Several studies have
yielded results in support of this perspective [44,45]. Meanwhile, mind wandering is a
phenomenon in which an individual loses their focus on the current moment and shifts their
attention from the current task to unrelated information [46]. The information flow of smart
phones is endless, and a vast amount of information can be obtained at any time and place.
The user’s dependence on mobile social media and the frequency of use increase sharply,
resulting in the fear of missing out and the phenomenon of mind wandering [47].This
phenomenon increases the baseline of thinking output and induces addictive behavior of
frequent or habitual examination [48]. Individuals with a higher level of mind wandering
have more concerns in their lives, are more prone to information overload, and rely more on
smart phones as an information source, which disrupts daily life and task performance [49].
At the same time, smartphone addicts will use mobile phones more in their daily lives,
and the mobile phone itself, as well as the information it receives will interfere with the
individual’s concentration state, forming a negative addiction loop [50]. Mind wandering
can be divided into three dimensions: spontaneous thinking, attention out of control, and
overall evaluation [51]. As a typical representative of today’s media, mobile phones are the
most easily accessible distraction for contemporary individuals. Seizing human cognitive
resources will lead to distraction and cognitive failure. Individuals who are more addicted
to mobile phones will have more cognitive impairment. As described by the control failure
and concern theory, mind wandering is closely intertwined with execution control abil-
ity [51]. Studies have shown that when mind wandering occurs, task performance tends to
decline, and individuals experience negative emotions more frequently [52,53], leading to
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self-blame, self-denial, and even self-abandonment [54]. As a result, individuals become
addicted to the virtual world created by mobile phones, seeking pathological compensation
to satisfy their needs [55–58]. Although cell phone addiction is not included in DSM-5 or
ICD-11, the above studies support that . . . (MPA) is a real addictive addiction disorder.
Mobile phone addiction refers to physical, psychological and social function problems
caused by indulging in mobile phone use phones [59].

In recent years, the network analysis model has been widely used in psychopathology,
offering a new perspective for understanding a range of psychiatric disorders [60–64].
It also provides a fresh direction for identifying intervention and therapeutic targets for
mental illnesses. By employing the network analysis model, we can better comprehend the
interconnections between the dimensions of effortful control, mind wandering, and mobile
phone addiction, leading to a deeper understanding of the pathological pathways involved.

In the network analysis method, two characteristics, namely the local quality of the
network and the overall network structure, are utilized to investigate network charac-
teristics [65]. A network analysis model consists of nodes and edges. Nodes represent
different symptom dimensions in the network, while edges between nodes indicate partial
correlations between dimensions. Different types of edges represent various relationships,
including the connectivity and similarity between nodes. The bridge centrality index, for
example, assesses the sum of edge weights between a node and nodes in other communities,
helping to identify bridge nodes and to evaluate the interrelated nodes’ functions within
the network. In doing so, these indices assist in identifying effective targets for prevention
and intervention [66]. In addition, the network connectivity, as co-constructed from overall
strength and network density, reflects the overall closeness of the network connections.
Greater connectivity leads to faster diffusion and activation, and increased sensitivity to
potential obstacles [67]. By applying the above theories and methods, we can analyze the
psychopathological mechanisms of mobile phone addiction from a new perspective.

Based on network pathology, various symptom dimensions may exert different influ-
ences on individuals’ tendencies toward mobile phone addiction [68,69]. However, studies
to date have often treated effortful control and mind wandering frequency as undivided
wholes, evaluating individuals’ mental states by calculating total scores across all items.
Unfortunately, the scholars who conducted these studies did not thoroughly investigate
and analyze the relationships between these variables at the level of dimensions, thereby
overlooking the heterogeneity and importance of the different dimensions [70,71]. To
fill this gap, this study incorporates effortful control mind wandering into the analysis
framework, collecting cross-sectional data to establish a network model for mobile phone
addiction and its influencing factors. This approach offers new insights into mobile phone
addiction from a finer-grained perspective. This study also assumes that the different
dimensions of effortful control mind wandering have distinct connections with symptoms
of mobile phone addiction, in that specific dimensions are expected to serve as key factors
influencing specific symptoms of mobile phone addiction.

2. Methods
2.1. Study Design and Participants

This study was conducted in the form of online survey through Wenjuanxing platform
(https://www.wjx.cn/, accessed on 1 March 2023) from 1 March 2023 to 23 March 2023. A
total of 1932 healthy adults aged 18–54 years were recruited in the study by convenience
sampling. Participants expressed their informed consent and were told that they could
quit the study at any time. In the first part of the survey, we emphasized the anonymity of
the research to encourage honest answers. In this research, we estimate the filling time of
the questionnaire from three aspects: general experience, the number of questions in the
questionnaire and the format of the questions in the questionnaire. At the same time, in
SPSS 26.0 descriptive statistics are made on the reaction time, histograms are drawn, and
the reaction time is quantitatively checked, and finally the screening range is determined.
After excluding those who provided repetitive answers or who had excessively long or
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short response times, 1684 valid questionnaires were collected, with an effective response
rate of 87.16%. Among participants, 82.13% were males; 32.42% were children; 21.6%
were 20 years old and below; 57.4% were between 21–30 years old; 12.5% were between
31–40 years old; 4.5% were between 41–50 years old; and 4.0% were 51 years old and above.
In terms of educational background, 3.0% had junior high school diplomas and below;
52.2% had senior high school and junior college diplomas; 43.6% had college degrees; and
1.2% had postgraduate qualifications and above.

2.2. Measures
2.2.1. Mobile Phone Addiction Tendency Scale

This study used the Mobile Phone Addiction Tendency Scale (MPATS) developed by
Xiong et al. [72] to measure mobile phone addiction. The reliability coefficient of the original
scale Cronbach’s α is 0.83. The scale consists of 16 items scored on a 5-point Likert scale
(ranging from 1 = strongly disagree to 5 = strongly agree) [72]. The total possible scores on
this scale range from 16 to 80, measuring factors including withdrawal symptoms, salience,
social comfort, and mood changes. Each subscale’s scores were calculated and summed up.
The higher the total scores, the stronger the individual’s tendency toward mobile phone
addiction. Withdrawal symptoms refer to negative physiological or psychological reactions
when not participating in mobile phone activities (e.g., item “I will feel uneasy if I’m away
from the phone for a long time”); salience refers to the centrality of mobile phone use in
thinking and behavior activities (e.g., item “I often focus on the phone, which affects my
lessons or work”); social comfort refers to the role of mobile phone use in interpersonal
communication (e.g., item “I feel more comfortable when I communicate with others on
the phone”); mood changes refer to the emotional changes caused by mobile phones (e.g.,
item “I will feel anxious and even lose my temper when my phone cannot connect or
receive signals”). In this study, the Cronbach’s α values was 0.934 for the overall scale.
The structural validity is χ2/df = 1325.486/98, RMSEA = 0.086, CFI = 0.929, TLI = 0.913,
SRMR = 0.036.

2.2.2. Effortful Control Questionnaire

The Effortful Control Questionnaire developed by Ellis et al. [73] and revised by Li
et al. [74] was used for this study. The reliability coefficient of the original scale Cronbach’s
α is 0.76. After revision and measurement, the scale comprised 15 items scored on a 5-
point Likert scale (ranging from 1 = strongly disagree to 5 = strongly agree) [73,74]. The
total possible scores on this scale range from 15 to 75 and the scale encompasses three
factors: activation control, inhibitory control, and attentional control. Higher scores indicate
stronger effortful control. Activation control involves performing an action when there is a
strong tendency to avoid it (e.g., item “When I have something difficult to do, I will attempt
it at once”); inhibitory control involves suppressing inappropriate responses (e.g., item “It’s
easy for me to concentrate on finishing the task”); and attentional control involves better
focus and attention shifting (e.g., item “I am a good observer of various different things
happening around me”) [19–25]. The Cronbach’s α value for this scale was 0.707 in the
current study. The structural validity is χ2/df = 4272.721/87, RMSEA = 0.169, CFI = 0.623,
TLI = 0.546, SRMR = 0.164.

2.2.3. Mind Wandering Questionnaire

The Mind Wandering Questionnaire developed by Song et al. (2011) was adopted
for this study. The reliability coefficient of the original scale Cronbach’s α is 0.88. The
scale comprises 22 items, divided into three dimensions: spontaneous thinking means the
frequency at which scattered thoughts or imagination appear in mind (e.g., item “I will be
interrupted by some ideas that appear in my mind”); attention disorder means the extent
to which difficulty of maintaining a focus on your own attention (e.g., item “When I was
reading a book, I noticed that I was not thinking, so I had to return and read it again”);
overall evaluation means the degree to which ideologies are in a free state and beyond
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your own control (e.g., item “I feel that there is always a void in my mind”) All items
are scored on a 5-point Likert scale (ranging from 1 = hardly to 5 = always) [75,76]. The
total possible scores on this scale range from 22 to 110 and higher scores indicate a higher
tendency toward mind wandering. In the current study, the Cronbach’s α value for this
scale was 0.97. The structural validity is χ2/df = 1312.814/186, RMSEA = 0.060, CFI = 0.931,
TLI = 0.923, SRMR = 0.033.

2.3. Statistical Analysis

SPSS 26.0 software was used for the descriptive analysis. The network structure
was constructed using the RStudio (version 4.1.1) [77,78]. The validity of the scale was
analyzed by using Mplus 8.3 software, including structural validity, aggregate validity and
differential validity. Weight and bridge centrality evaluation of each node were calculated
as well [79].

2.3.1. Network Structure

We used qgraph package in R to construct the network [80,81]. The network consisted
of nodes and edges. Each node represented one item in the scale, and between two nodes
were edges representing the strength of connection in between. Each node was colored
based on the psychological variable of each scale, forming three different communities in the
network. Each edge was colored based on the positive or negative correlation it represented,
and the thicker the edges the stronger the correlation [82]. The least absolute shrinkage
and selection operator (LASSO) regularization and the Extended Bayesian Information
Criterion (EBIC) were used to limit the emergence of spurious edges [83,84].

According to the recommended methods to investigate the accuracy of network
inference, we routinely evaluated the stability of the network using the bootnet package.
We calculated the Confidence Interval (CI) of each edge by non-parametric bootstrapping
to examine to which extent the edge weight might have differed with one another [85]. The
narrower the 95%CI, the more accurate edge weight and the more reliable the network.

2.3.2. Bridge Centrality Evaluation

We used the networktools package to evaluate the bridge centrality of each node [86].
In this study, we calculated bridge expected influence (BEI) values of each node. The
BEI value was defined as the total edge weights one node connected with other nodes
outsides its own community. The higher the BEI value, the closer it correlated with other
communities [87].

The bootnet package was used for the stability test and the difference test of BEIs. We
conducted case-dropping bootstrapping to test the stability of BEI. The correlation stability
(CS) coefficient was applied to quantify the stability, and a CS coefficient exceeding 0.25
indicated an acceptable stability [82]. Moreover, we conducted bootstrapping to test the
differences of the BEI indices of different nodes as well.

3. Results
3.1. Descriptive Statistics

Table 1 shows the abbreviations, mean scores, standard deviations, and BEI values of
each dimension of mobile phone addiction, effortful control, and mind wandering.

Table 1. Abbreviations, mean scores, standard deviations, and BEI values for each study dimension.

Variables Abb M SD BEI

Mobile phone addiction
Withdrawal symptoms MPT1 2.39 0.87 0.11

Salience MPT2 1.82 0.81 −0.15
Social comfort MPT3 2.14 0.87 −0.02
Mood changes MPT4 2.06 0.89 −0.01

Effortful control
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Table 1. Cont.

Variables Abb M SD BEI

Activation control EC1 3.68 0.67 −0.32
Inhibitory control EC2 3.56 0.60 −0.19

Attentional control EC3 3.35 0.49 −0.06
Mind Wandering

Spontaneous thinking MW1 2.00 0.85 0.20
Attention out of control MW2 1.89 0.81 −0.15

Overall evaluation MW3 1.85 0.81 −0.15
Abb, abbreviation; M, mean; SD, standard deviation; BEI, bridge expected influence.

3.2. Network Analysis

Figure 1a shows the final network of mobile phone addiction, effortful control, and
mind wandering, which comprises 10 nodes. There were 34 edges with edge weights
ranging from −0.12 to 0.51, including 22 cross-community edges. Of the cross-community
edges, relatively important edges were identified. Among the associations with mobile
phone addiction, MW1 “spontaneous thinking” was positively connected to MPT1 “with-
drawal symptoms” (weight = 0.05). EC1 “activation control” and EC2 “inhibitory control”
were negatively associated with MPT2 “salience” (weight = −0.08 and −0.06, respectively).
EC3 “attentional control” was negatively linked to MPT3 “social comfort” (weight = −0.05).
Additionally, some dimensions of effortful control and mind wandering were correlated.
EC1 “activation control”, EC2 “inhibitory control”, and EC3 “attentional control” were all
negatively associated with MW2 “attention out of control” (weight = −0.07, −0.06, and
−0.08, respectively). EC1 “activation control” and MW3 “overall evaluation” were also
negatively connected (weight = −0.12). All edge weights within the present network can
be seen in Supplementary Material. The bootstrapped 95% CI was narrow (see Figure S1
in the Supplementary Material), suggesting that the edge weight estimation was accurate
and reliable. The bootstrapped difference test for edge weights is shown in Figure S2 in the
Supplementary Material.
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Figure 1. Network structure and raw values of bridge expected influence for each node in the present
network. (a) EBICglasso network, where blue edges represent positive correlations and red edges
represent negative correlations. A thicker and more saturated edge reflects a higher correlation between
nodes; (Yellow circle: mobile phone addiction community, Green circle: Effortful control, blue circle:
Mind Wandering) (Withdrawal symptoms: MPT1; Salience: MPT2; Social comfort: MPT3; Mood
changes: MPT4; Activation control: EC1; Inhibitory control: EC2; Attentional control: EC3; Spontaneous
thinking: MW1; Attention out of control: MW2; Overall evaluation: MW3) (b) Centrality plot depicting
the BEI of each node in the network (raw value). The specific meanings of each node are shown in
Table 1. The horizontal axis represents the BEI value and the vertical axis represents the node name.
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Figure 1b presents the raw BEI values for each variable node within this network. EC1
“activation control” exhibited the highest negative BEI value (BEI = −0.32), whereas MW1
“spontaneous thinking” had the highest positive BEI value (BEI = 0.20). The CS coefficient of
node BEI was 0.75, exceeding the preferably recommended threshold of 0.5, indicating that
the estimation of BEI was adequately stable (see Figure S3 in the Supplementary Material).
The results of bootstrapped difference test for node BEI are provided in Figure S4 in the
Supplementary Material.

4. Discussion

To the extent of our knowledge, this is the first study to investigate the dimension-
level network structure of mobile phone addiction, effortful control, and mind wandering
using network analysis. The results demonstrated that there were relatively important
pairwise relationships, i.e., cross-community edges, between the distinct dimensions of the
three constructs. The present study also identified some dimensions as bridge nodes that
played important roles in facilitating adverse or positive impacts on mobile phone addiction.
Since no relevant research has been conducted yet, our results of this exploratory study
are preliminary. However, these findings may advance our understanding of the specific
pathways underlying mobile phone addiction, effortful control, and mind wandering,
suggesting potential prevention and intervention targets against mobile phone addiction.

Notably, certain important cross-community edges were identified in the present
network. MW1 “spontaneous thinking” was positively associated with MPT1 “withdrawal
symptoms”. This reciprocal link accorded with previous studies revealing that mobile
phone addiction and mind wandering were positively connected and that mobile phone
addiction explained about one third of variance in their level of mind-wandering among
university students [88,89]. Our finding further uncovered that the fine-grained interrela-
tion between mind wandering, and mobile phone addiction can be attributable mainly to
the specific connection between the spontaneous thinking and withdrawal symptoms.

Conversely, it should be noted that EC1 “activation control” and EC2 “inhibitory
control” were negatively correlated with MPT2 “salience”; EC3 “attentional control” was
negatively associated with MPT3 “social comfort”. These results were consistent with a
published study showing that effortful control, as a protective factor, buffered the detrimen-
tal effect from certain variables to mobile phone addiction [44]. Another study also reported
that effortful control fully mediated the effect of personality, such as conscientiousness, on
mobile phone addiction [90]. In the refined exploration of the pathways between effortful
control and mobile phone addiction, we found inhibitory control was associated with
salience. Numerous literature have proposed that inhibitory control was closely related
to addictive behaviors [42,91–95], and salience was an important constituent of addictive
behaviors according to the addiction components model [43,96,97]. Hence, this association
is reasonably understandable.

Regarding activation control and salience, activation control refers to perform an
action when there is a strong tendency to avoid it and reflect the ability to plan ahead and
act pro-socially [74,98]; activation control and inhibitory inhibition are identified as two sub-
components of self-regulatory capacity [19,98,99], which is relevant to dual process models
of addiction in that addictive behavior is influenced by the interactive effect of the impulsive
(reflexive/automatic/spontaneous) and self-regulatory (reflective/controlled/deliberative)
processes [98,100–102]. Therefore, the negative link between activation control and salience
component of mobile phone addiction was foreseeable.

Additionally, we also found attentional control was negatively associated with social
comfort of mobile phone addiction. This finding was similar to a study showing that high
level of attentional control was revealed to protect against addiction-related negative conse-
quences [99]. Furthermore, self-regulation was often operationalized as effortful control
and its facets (attentional, inhibitory, and activation control) [19,36,99,103]. Accordingly,
attentional control—subdomain of self-regulation—can engage in preventing addiction
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according to the proposed dual-process model [98], and the underlying mechanism of
action may lie in the negative connection between attentional control and social comfort.

In addition to associations with mobile phone addiction, we found certain negative
connections between EC1 “activation control”, EC2 “inhibitory control”, EC3 “attentional
control” and MW2 “attention out of control”, as well as between EC1 “activation control”
and MW3 “overall evaluation”. These close relationships between dimensions of effort-
ful control and mind wandering highlighted their ability to interactively exert indirect
influence on mobile phone addiction via their respective pathways, indicating they are
common factors affecting mobile phone addiction. These findings were in accordance with
a published study that low effortful control indicated more mind wandering and effortful
control acted as one of the key mechanisms underlying the functional influence of mind
wandering on real-life outcomes [104]. Effortful control has been reported to be closely
related to inattention of attention-deficit hyperactivity disorder [105,106], similarly account-
ing for the relations between attention out of control and three facets in effortful control.
As for insights into the relation between activation control and overall evaluation, there
are, to the best of our knowledge, no previous studies with which to compare our results.
Our results extend previous study findings by providing a more nuanced perspective of
the relations among the dimensions.

Based on the BEI values, EC1 “activation control” and MW1 “spontaneous thinking”
were determined as important bridge nodes, indicating their critical roles in transmitting im-
pacts among communities. EC1 “activation control” had a negative BEI, suggesting it acted
as a protective factor against developing mobile phone addiction and experiencing mind
wandering, whereas MW1 “spontaneous thinking” featured a positive BEI, indicating its
facilitation leading to the development and maintenance of mobile phone addiction. These
findings were in line with previous studies that effortful control was a protective factor, and,
in contrast, mind wandering was a risk factor for mobile phone addiction [44,88,89,107]. As
mentioned above, the three bridge nodes exhibited elaborate connections with dimensions
of mobile phone addiction. Accordingly, this study provides further lines of evidence
supporting relevant conclusions from the perspective of network theory.

The present study has two aspects of significant implication. Regarding the theoret-
ical implication, this study examined the dimension-level interrelations between mobile
phone addiction, effortful control, and mind wandering using network analysis, such as
the edge between inhibitory control and salience. We believe that viewing data through
this lens allows for a more granular understanding of the specific pathways underlying
the three constructs. In other words, these findings are of importance to figure out spe-
cific roles (protective/detrimental) played by different dimensions of effortful control or
mind wandering in the development and maintenance of dimensions of mobile phone
addiction. Regarding practical implication, bridge nodes are crucial to the co-occurrence of
psychological constructs and to facilitate the adverse or positive effects of one community
on others [86]. Hence, bridge nodes are regarded as potential targets for prevention and
intervention [86,108,109]. In this study, activation control and spontaneous thinking are
identified as critical bridge nodes and hence are indicated as putative intervention targets,
providing implications for clinical practice. For example, focusing on the protective role of
activation control and preventing the negative effect of spontaneous thinking may increase
the effectiveness of prevention and intervention against mobile phone addiction and benefit
treatment outcomes.

5. Limitations

Notwithstanding the significance of the present study, several limitations existed. First,
this study is a cross-sectional design and thus the causality between distinct dimensions
cannot be inferred. The cross-sectional study employed in this study can study large sam-
ples at the same time, with strong representation of subjects, excellent generalization ability
of results, strong timeliness, no repeated measurement problems and easy implementation.
However, due to its lack of systematic continuity, it is difficult to determine the causal
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relationship between the occurrence and the development of mobile phone addiction.
Therefore, in the following research, we will combine the longitudinal research method to
test the psychological activities and characteristics of the subjects repeatedly in a specified
period of time, so as to systematically and thoroughly understand the continuous process of
the relationship between effective control, mind-wandering and mobile phone addition and
the laws of quantitative change and qualitative change. Second, mobile phone addiction,
effortful control, and mind wandering were measured using self-reported scales, which
may be susceptible to subjective bias [110]. This implies that the results of our analysis
should be interpreted with some caution. Third, although the findings suggested activa-
tion control and spontaneous thinking as potential intervention targets, it remains to be
shown experimentally how big the actual effectiveness of the putative interventions will be.
Fourth, the network structure constructed in this study reflects between-subject effects at a
group level, indicating that it cannot capture idiographic individual-level processes. Finally,
shortcomings also include limited generalizability of the results due to the data-driven
nature of network analysis approach. The extension of our findings to other populations
requires more validation.

6. Conclusions

The present study is the first to examine the relationships between mobile phone
addiction, and effortful control and mind wandering using network analysis. The results
demonstrated that there were significant correlations between the distinct dimensions
of the three structures. Moreover, by analyzing their detailed relations, the problem of
mobile phone addiction can be solved by enhancing effortful control and preventing mind
wandering. Among them, the dimension of withdrawal symptoms has been identified as
the key bridge node, which is closely linked with efficient control and distraction, and has
become an effective indicator and a promising intervention target for identifying mobile
phone addiction. This research provides a new perspective on the relationship between
mobile phone addiction and effective control and distraction.
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89. Sumuer, E.; Kaşıkcı, D.N. The role of smartphones in college students’ mind-wandering during learning. Comput. Educ. 2022, 190,
104616. [CrossRef]

90. Li, Y.; Liu, R.; Hong, W.; Gu, T.; Jin, F. The Impact of Conscientiousness on Problematic Mobile Phone Use: Time Monitoring and
Self-control as Chain Mediator. J. Psychol. Sci. 2020, 43, 666–672.

91. Chen, B.T.; Yau, H.-J.; Hatch, C.; Kusumoto-Yoshida, I.; Cho, S.L.; Hopf, F.W.; Bonci, A. Rescuing cocaine-induced prefrontal
cortex hypoactivity prevents compulsive cocaine seeking. Nature 2013, 496, 359–362. [CrossRef]

92. Zilverstand, A.; Huang, A.S.; Alia-Klein, N.; Goldstein, R.Z. Neuroimaging impaired response inhibition and salience attribution
in human drug addiction: A systematic review. Neuron 2018, 98, 886–903. [CrossRef] [PubMed]

93. Hildebrandt, M.K.; Dieterich, R.; Endrass, T. Neural correlates of inhibitory control in relation to the degree of substance use and
substance-related problems–a systematic review and perspective. Neurosci. Biobehav. Rev. 2021, 128, 1–11. [CrossRef]

94. Ceceli, A.O.; Huang, Y.; Kronberg, G.; Malaker, P.; Miller, P.; King, S.G.; Gaudreault, P.O.; McClain, N.; Gabay, L.; Vasa, D.;
et al. Common and distinct fronto-striatal volumetric changes in heroin and cocaine use disorders. Brain 2023, 146, 1662–1671.
[CrossRef] [PubMed]

95. Ceceli, A.O.; King, S.G.; McClain, N.; Alia-Klein, N.; Goldstein, R.Z. The Neural Signature of Impaired Inhibitory Control in
Individuals with Heroin Use Disorder. J. Neurosci. 2023, 43, 173–182. [CrossRef] [PubMed]

96. Griffiths, M. A ‘components’ model of addiction within a biopsychosocial framework. J. Subst. Use 2005, 10, 191–197. [CrossRef]
97. Csibi, S.; Griffiths, M.D.; Demetrovics, Z.; Szabo, A. Analysis of problematic smartphone use across different age groups within

the ‘components model of addiction’. Int. J. Ment. Health Addict. 2021, 19, 616–631. [CrossRef]
98. O’Connor, R.M.; Colder, C.R. The Prospective Joint Effects of Self-Regulation and Impulsive Processes on Early Adolescence

Alcohol Use. J. Stud. Alcohol Drugs 2015, 76, 884–894. [CrossRef]
99. Paige, K.J.; Shaw, R.J.; Colder, C.R. The role of effortful control in mitigating negative consequences associated with emerging

adult drinking. Alcohol 2023, 47, 512–526. [CrossRef]
100. Bickel, W.K.; Quisenberry, A.J.; Moody, L.; Wilson, A.G. Therapeutic Opportunities for Self-Control Repair in Addiction and

Related Disorders: Change and the Limits of Change in Trans-Disease Processes. Clin. Psychol. Sci. 2015, 3, 140–153. [CrossRef]
101. Lindgren, K.P.; Hendershot, C.S.; Ramirez, J.J.; Bernat, E.; Rangel-Gomez, M.; Peterson, K.P.; Murphy, J.G. A dual process

perspective on advances in cognitive science and alcohol use disorder. Clin. Psychol. Rev. 2019, 69, 83–96. [CrossRef]
102. Egerton, G.A.; Colder, C.R.; Lee, Y. Testing the dual process model of adolescent cannabis use with prospective three-way

interactions between self-regulation, negative outcome expectancies, and implicit cannabis attitudes. Addict. Behav. 2021, 118,
106902. [CrossRef] [PubMed]

103. Ng-Knight, T.; Gilligan-Lee, K.A.; Massonnié, J.; Gaspard, H.; Gooch, D.; Querstret, D.; Johnstone, N. Does Taekwondo improve
children’s self-regulation? If so, how? A randomized field experiment. Dev. Psychol. 2022, 58, 522–534. [CrossRef] [PubMed]

104. Pereira, E.J.; Gurguryan, L.; Ristic, J. Trait-Level Variability in Attention Modulates Mind Wandering and Academic Achievement.
Front. Psychol. 2020, 11, 909. [CrossRef]

105. Frick, M.A.; Brocki, K.C. A multi-factorial perspective on ADHD and ODD in school-aged children: What is the role of cognitive
regulation, temperament, and parental support? J. Clin. Exp. Neuropsychol. 2019, 41, 933–945. [CrossRef]

106. Kostyrka-Allchorne, K.; Wass, S.V.; Yusuf, H.; Rao, V.; Bertini, C.; Sonuga-Barke, E.J.S. Inhibitory deficits and symptoms of
attention-deficit hyperactivity disorder: How are they related to effortful control? Br. J. Dev. Psychol. 2023, 41, 50–65. [CrossRef]

107. Billieux, J. Problematic use of the mobile phone: A literature review and a pathways model. Curr. Psychiatry Rev. 2012, 8, 299–307.
[CrossRef]

https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.18637/jss.v048.i04
https://doi.org/10.1037/met0000167
https://www.ncbi.nlm.nih.gov/pubmed/29595293
https://doi.org/10.1111/j.1467-9868.2011.00771.x
https://doi.org/10.1093/biomet/asn034
https://doi.org/10.1016/j.jad.2021.10.092
https://www.ncbi.nlm.nih.gov/pubmed/34715164
https://doi.org/10.1080/00273171.2019.1614898
https://www.ncbi.nlm.nih.gov/pubmed/31179765
https://doi.org/10.1007/s10802-020-00655-2
https://www.ncbi.nlm.nih.gov/pubmed/32445104
https://doi.org/10.3390/ijerph192315886
https://doi.org/10.1016/j.compedu.2022.104616
https://doi.org/10.1038/nature12024
https://doi.org/10.1016/j.neuron.2018.03.048
https://www.ncbi.nlm.nih.gov/pubmed/29879391
https://doi.org/10.1016/j.neubiorev.2021.06.011
https://doi.org/10.1093/brain/awac366
https://www.ncbi.nlm.nih.gov/pubmed/36200376
https://doi.org/10.1523/JNEUROSCI.1237-22.2022
https://www.ncbi.nlm.nih.gov/pubmed/36396402
https://doi.org/10.1080/14659890500114359
https://doi.org/10.1007/s11469-019-00095-0
https://doi.org/10.15288/jsad.2015.76.884
https://doi.org/10.1111/acer.15016
https://doi.org/10.1177/2167702614541260
https://doi.org/10.1016/j.cpr.2018.04.002
https://doi.org/10.1016/j.addbeh.2021.106902
https://www.ncbi.nlm.nih.gov/pubmed/33756299
https://doi.org/10.1037/dev0001307
https://www.ncbi.nlm.nih.gov/pubmed/34941300
https://doi.org/10.3389/fpsyg.2020.00909
https://doi.org/10.1080/13803395.2019.1641185
https://doi.org/10.1111/bjdp.12432
https://doi.org/10.2174/157340012803520522


Healthcare 2024, 12, 140 14 of 14

108. Guo, Z.; Yang, T.; He, Y.; Tian, W.; Wang, C.; Zhang, Y.; Liu, J.; Liu, X.; Zhu, X.; Wu, S. The Relationships Between Suicidal Ideation,
Meaning in Life, and Affect: A Network Analysis. Int. J. Ment. Health Addict. 2023, 1–20. [CrossRef]

109. Guo, Z.; Yang, T.; Qiu, R.; Qiu, H.; Ren, L.; Liu, X.; Han, Z.; Zhu, X. Network analysis of the relationships between problematic
smartphone use and anxiety, and depression in a sample of Chinese college students. Front. Psychiatry 2023, 14, 1097301.
[CrossRef]

110. Parry, D.A.; Davidson, B.I.; Sewall, C.J.; Fisher, J.T.; Mieczkowski, H.; Quintana, D.S. A systematic review and meta-analysis of
discrepancies between logged and self-reported digital media use. Nat. Hum. Behav. 2021, 5, 1535–1547. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s11469-023-01019-9
https://doi.org/10.3389/fpsyt.2023.1097301
https://doi.org/10.1038/s41562-021-01117-5

	Introduction 
	Methods 
	Study Design and Participants 
	Measures 
	Mobile Phone Addiction Tendency Scale 
	Effortful Control Questionnaire 
	Mind Wandering Questionnaire 

	Statistical Analysis 
	Network Structure 
	Bridge Centrality Evaluation 


	Results 
	Descriptive Statistics 
	Network Analysis 

	Discussion 
	Limitations 
	Conclusions 
	References

