
 
 
 

 

 

Increasing Screen Exposure Time Harms Inhibitory-Control Network in Developing Children: A 

Two Years Follow-up of the ABCD Study 

Ya-Yun Chen 

 

 

Thesis submitted to the faculty of the Virginia Polytechnic Institute and State University in 

partial fulfillment of the requirements for the degree of 

Master of Science  

in 

Psychology 

 

 

 

Tae-Ho Lee, Chair 

Jungmeen Kim-Spoon 

Rosanna Breaux 

 

December 06, 2021  

Blacksburg, Virginia  

 

Keywords: screen time, inhibitory control, child development,  

fronto-striatal circuits, fronto-parietal network, striatum.  



 
 
 

 

Increasing Screen Exposure Time Harms Inhibitory-Control Network in Developing Children: A 

Two years follow-up of the ABCD study 

Ya-Yun Chen 

ABSTRACT 

As virtual experiences are rapidly substituting a significant proportion of in-person interactions 

during the COVID pandemic, it is critical to monitor the effect of screen exposure time on 

developing children’s behavior and nervous system. Screen use boosts information accessibility 

and, therefore, may delay the development of the inhibitory control networks in children, who 

are vulnerable to immediate reward-orientated tendencies and not yet capable of controlling their 

impulsivity. Therefore, it was hypothesized that as children become more exposed to screens, the 

development of the inhibitory control network would be delayed and their reward sensitivity will 

be augmented. Using the ABCD Study Data Repository, 8,334 children’s behavioral and neural 

data (aged 9-11) were included. Robust mediation analysis and correlation analysis were used to 

investigate how Screen Time interacts with children’s reward-orientated tendency (e.g. 

Behavioral approach system, BAS) and the brain's inhibitory network. Intrinsic Frontoparietal 

Network-Striatum (FPN-Striatum) connectivity strength was used as neural indices of the 

inhibitory control quality in children. Results showed that Screen Time significantly mediated 

the relationship between BAS and both waves of the intrinsic inhibitory process. A higher BAS 

was linked to a longer Screen Time and weaker inhibitory network connectivity. This 

complete/full mediation model indicates that Screen Time negatively influenced the strength of 

FPN-Striatum connectivity. In conclusion, the study revealed specific behavioral and neural 

correlates of screen exposure using a large database, and suggested that increasing screen 

exposure time may impair the inhibitory capability and increase impulsivity in children. 
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Ya-Yun Chen 

GENERAL AUDIENCE ABSTRACT 

The current study explored the effect of daily screen exposure in pre-adolescent children to 

provide an important springboard for future work in protecting developing children against the 

negative impacts of screen use, which has increased significantly during the COVID-19 

pandemic. Over 8,000 children’s data from the Adolescent Brain Cognitive Development 

(ABCD) project was included and found that an increased daily screen exposure time is linked to 

an inefficient inhibitory control system in the brain. As children’s inhibitory control systems are 

still developing, this negative effect further hinder the maturation of inhibitory-control systems 

two years later. Given that the virtual movement is irreversible, the results provide scientific 

evidence that a balance between screen time and non-screen activities is required for developing 

children. 
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Introduction 

The negative impact of screen exposure on children’s inhibitory control have been well 

documented (Domingues‐Montanari, 2017; Twenge & Campbell, 2018; and for a comprehensive 

review see Carson et al., 2016). However, although governmental guidelines limit screen 

exposure to two hours per day in school-aged children for enhancing well-being 

(Communications et al., 2016; Okely et al., 2019), children’s average entertainment screen time 

is 3-4 hours a day (Tsiros et al., 2017; Twenge & Campbell, 2018). Moreover, the screen 

exposure time has escalated at least 50% with “stay-at-home” orders during the COVID-19 

pandemic. (SuperAwesome, 2020). As virtual experiences rapidly substitute for a significant 

proportion of in-person interactions, it is critical to monitor the influences of daily excessive 

screen exposure on the behavioral and neural impact of inhibitory control in children (Mills, 

2016; Sigman, 2017). This introduction will overview the background knowledge of inhibitory 

control in both behavioral and neural level, and the role of personality charateristics in screen 

exposure and inhibitory control. 
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Literature Review 

Inhibitory Control 

Inhibitory control (IC) refers to one's ability to resist impulses and suppress response 

tendencies (Carlson et al., 2002; Duckworth & Kern, 2011). Childhood is a critical period for the 

development and establishment of inhibitory control, which continues to develop into adulthood 

(Williams et al., 1999). An over 30-year longitudinal study showed that the gradient of inhibitory 

ability in childhood steadily predicts physical health and personal finance outcomes as well as 

the rate of criminal offending and substance dependence in adulthood (Moffitt et al., 2011). 

Lower IC ability in the developing period increases the risk of obesity (Schlam et al., 2013), the 

vulnerability to substantial gambling addiction (see Verdejo-García et al., 2008 for review), and 

moves up the age of earliest onset for marijuana, alcohol, or cigarette use (Lee & Telzer, 2016), 

which lead to adverse health outcomes later in life. In contrast, individuals with higher IC ability 

in the developing period have higher grades and more successful achievements in school and 

work (Tangney et al., 2018), more satisfaction and lower conflict in intimate relationships 

(Allemand et al., 2019), and longevity (Kern & Friedman, 2008). 

Screen Exposure and Inhibitory Control 

The development of IC is bidirectional. On one hand, it is malleable by practicing and 

training. For instance, the daily practices that are required to inhibit one’s emotions, thoughts, 

and behaviors when confronting temptations and impulses, such as avoiding sweets (Muraven, 

2010) and forcing exercise (Oaten & Cheng, 2006), have been shown to improve IC strength. On 

the other hand, one’s ability of IC would decline due to problematic behaviors: Excessive screen 

use is one of them. The nature of screen use includes that user can switch modes easily and make 

information accessibility increase. Users may pause and skip any session they are less interested 
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in to choose content that pleases them more, which offers immediate benefits and the negligible 

marginal cost (Frey et al., 2007). In other words, excessive screen use may weaken the ability of 

inhibitory control. Developmental studies demonstrated that individuals’ impulsiveness and 

attention problems are associated with excessive screen use. Gentile and colleagues (2012) 

tracked children and adolescents over 3 years for the adverse effect of playing video games and 

found that those who spent more time on playing video games were more impulsive or had more 

attention problems subsequently (Gentile et al., 2012). Besides, a large cohort study which 

examined consequences of digital media activities on healthy adolescents reported that those 

who had a higher frequency of digital media use showed higher odds of having subsequent 

symptoms of attention-deficit/hyperactivity disorder (ADHD) throughout 5 waves (Ra et al., 

2018). Furthermore, the deleterious effects of excessive screen use on adolescence are not 

limited to certain contents or devices. A growing body of literature has provided considerable 

evidence that a wide variety of excessive screen use impairs IC, including television viewing 

(David Acevedo-Polakovich et al., 2007; Swing et al., 2010), violent video gaming (Coyne et al., 

2018; Swing et al., 2010), mobile phone usage (Seo et al., 2016), binge-watching (Shim et al., 

2018), and social media use (Du et al., 2019; Ra et al., 2018). However, the existing literature of 

daily screen use remains focusing on the impact on behavioral development. 

Neurocircuitry Underlying Screen Exposure and Inhibitory Control 

Childhood is a period where the brain changes strikingly (Casey et al., 2000; Rapoport & 

Gogtay, 2008), with neural circuits underlying IC also rapidly developing (Padmanabhan et al., 

2011). Thus, it is possible that daily screen exposure would influence the developmental 

trajectory of the IC circuits. 
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Recent evidence suggests that the underlying neural mechanisms linked to the failure of 

IC may be associated with imbalanced functional and structural developments between the 

reward-related nucleus and the executive networks (Casey, 2015; Lee & Telzer, 2016; McClure 

et al., 2004; Metcalfe & Mischel, 1999). Although non-clinical daily screen behaviors are 

understudied, research in the screen dependency disorders (SDDs; Sigman, 2017) shows that the 

reward-related nucleus and the executive networks that may be affected by daily screen 

behaviors are the striatum and the frontal executive networks (Balleine et al., 2007; Brand et al., 

2014).  

Striatum. The striatum is composed of three nuclei, caudate, putamen, and ventral 

striatum, integrating input from the brainstem and a variety of subcortical and cortical regions, 

and functioning in motor planning, decision-making, motivation, and reward perception and 

responses (Taylor et al., 2013; Yager et al., 2015). Both animal and human studies have revealed 

that the striatum serves a key role in habit formation and addictive processes (Corbit et al., 2012; 

Everitt et al., 2008; Everitt & Robbins, 2013; Schwendt et al., 2009; Volkow et al., 2006). For 

example, in rodents, long-access to self-administered methamphetamine gradually decreased 

dopamine transporter protein levels in the striatum (Schwendt et al., 2009). Similarly, a human 

imaging study using positron emission tomography (PET) revealed that the metabolism in striatal 

regions were decreased when the individual with cocaine addiction saw the cocaine-cue 

compared with a neutral cue, and the magnitude of the reduction positively correlated with their 

craving (Volkow et al., 2006). A task-based functional MRI (fMRI) also showed that patients 

with internet addiction exhibited less activation in the striatum compared to controls when they 

continuously won in a competitive task (Dong et al., 2013). In regards to volumetric comparison, 

increased striatal volume was found in youth smokers compared to nonsmokers (Li et al., 2015) 
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and in youth with SDD (Cai et al., 2016). This volumetric difference was further correlated with 

the error rate in the Stroop task. Developmentally, adolescents who excessively play computer 

games showed the higher gray matter volume size and the more increased neural activation in the 

striatum compared to those who play computer games infrequently (Kühn et al., 2011). These 

findings suggest that the striatum is associated with both inhibitory control and screen 

dependency. 

Frontal Executive Networks. The frontoparietal network (FPN) and the dorsolateral 

prefrontal cortex (DLPFC) are also investigated extensively in the context of inhibitory control 

and dependency behaviors since they are involved in executive and regulatory processes in the 

brian (Brand et al., 2014; Hare et al., 2009; Hayashi et al., 2013; Lopez et al., 2019; Vincent et 

al., 2008). For example, Lopez and colleagues (2019) used an elegant two-session study to reveal 

that the dieters that have to recruit greater DLPFC activation in the first IC exertion session 

showed less FPN activity in the subsequence food-cue task and tended to consume more ice-

cream when the diets were broken (Lopez et al., 2019). Similarly, a study on cigarette smokers 

showed the positive association between the DLPFC activation the level of craving (McBride et 

al., 2006). These findings imply the DLPFC and FPN functioning in craving regulation. 

Importantly, a recent study demonstrated that the young adults with SDD showed more DLPFC 

dysfunctions (Liu et al., 2014). This study used Go/NoGo tasks combined with distracting 

gaming pictures to demonstrated that the control group exhibited a higher inhibitory control 

ability with higher activation of DLPFC during distracting tasks compared to original non-

distracted tasks but not in the SDD group, suggesting the inhibitory function was impaired in the 

disorder group. Consistently, a study using resting-state functional connectivity approach 

reported that the SDD group showed more within-network connectivity reduction in FPN 
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compared to the control group (Dong et al., 2015). They further reported that the strength of the 

connectivity was negatively correlated with the Stroop effect, suggesting that the higher 

functional connectivity in FPN may underpin the better control ability.  

Frontostriatal Circuitry. Although most screen-related studies only focused on either 

the striatum or the frontal executive networks separately, both animal and human studies have 

revealed that the striatum and the frontal executive networks are structurally interconnected 

(Alexander et al., 1986; Haber, 2016; Leh et al., 2007; Zhang & Iwaki, 2020), being a part of the 

frontostriatal circuitry (Haber, 2016) and functioning on IC (Figure 1). Developmentally, 

functional MRI (fMRI) studies using diverse task-based indices demonstrated a progressive 

maturation for IC functions within the frontostriatal circuitry, such that children show lower 

inhibition efficiency and lower activations in the circuitry, which switches to better inhibition 

efficiency and higher activations in the circuitry by adulthood (Rubia et al., 2006). A diffusion 

tensor imaging (DTI) study further supports this progressive maturation finding by showing that 

the tracts within the frontostriatal circuitry became more restricted over developing and the 

ability of IC was enhanced parallelly (Liston et al., 2006). Thus, the negative coupling between 

these regions is an index of dysfunction of neural networks of the brain in IC. Furthermore, a 

study reported consistent findings by using both the DTI and functional connectivity techniques 

to explore the fronto-striatal network on smokers (Yuan et al., 2017). The functional connectivity 

analysis revealed a negative functional coupling of the fronto-striatal connection during smoking 

cue-induced craving and this coupling was negatively correlated with the fiber tract integrity of 

fronto-striatal connection. Although similar exploration in screen-related behaviors has not been 

reported yet, the change in fronto-striatal connection is possible and can exist in the individuals 

with screen dependency. 
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Taken together, the literature suggests that daily screen behavior may change the 

connectivity strength between the regions in the frontostriatal circuitry (i.e., FPN-striatum) and 

that the frontal and striatal regions should be considered as a whole system. 

Personality Characteristics in Screen Exposure and Inhibitory Control 

The current designs of screen devices and platforms make user to switch modes easily 

and increase information accessibility. The users, therefore, are easy to gain feedback and 

reward, which may boost the reward-seeking tendency (Tricomi & Fiez, 2012) and may delay 

the development of the inhibitory control networks in children, who are vulnerable to immediate 

reward-orientated tendencies and not yet capable of controlling their impulsivity (Burton et al., 

2021; Casey, 2015).  

The Behavioral Inhibition and Behavioral Approach Systems (BIS/BAS) scales is a 

broadly used biological-based personality measure, capturing individual differences in the 

sensitivity to stimulus. The difference in sensitivity may differ one’s perception toward the 

environment, which in turn changes one’s motivation and strength of desire (Hofmann et al., 

2012). The BIS/BAS scales were designed to measure two broad motivational systems, the 

behavioral inhibition system (BIS) and the behavioral activation system (BAS; Motzkin et al., 

2014). The BIS corresponds to motivation to avoid aversive outcomes. On the contrary, the 

behavioral activation system (Motzkin et al., 2014) corresponds to motivation to approach goal-

oriented outcomes, which can be allocated to three facets: BAS Drive, BAS Fun-seeking, and 

BAS Reward Responsiveness. The BIS/BAS scales have been reported as being related to both 

screen-related addictions and IC problems (Fino et al., 2014; Kim et al., 2016). Specifically, a 

higher BIS and BAS fun-seeking level are related to increased internet addiction (Yen et al., 

2009), BAS drive level is able to predict internet gaming disorder (IGD) (Rho et al., 2018), and 
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BAS total, a sum score of all BAS subscores, is related to impulsivity (Miller et al., 2004) and is 

significantly higher in adolescents with IGD and smartphone addiction than controls (Kim et al., 

2016; Li et al., 2020). Taken together, these findings suggest that when studying IC and screen-

related behaviors, it is necessary to consider their reward-sensativity for a more comprehensive 

exploration. 
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The Present Study 

The present study was to delineate how screen exposure time influences the development 

of neurocircuitry engaging in IC of children’s brains. Recent literature has shown that excessive 

screen time exposure, especially screen-related additions, may impair the development of IC, a 

crucial index to predict future physical and psychological well-being. However, given that virtual 

movement is irreversible in modern and future life, it is critical to track the influences of non-

clinical daily screen exposure on IC. Moreover, rather than simply investigating the direct 

relationship between screen time and IC, personality traits would be an important piece when 

doing such investigation since personality traits are significantly linked to both screen 

dependency and IC in personality-focused research. Importantly, the present study would focus 

on the influence on the neural level. Although the current studies on various screen-related 

addictions suggest that the severe screen exposure may alter the reward-related nucleus and 

executive networks, the current investigation on the non-clinical screen behaviors is scarce in the 

field. In sum, the current study would examine whether the non-clinical screen exposure time 

may explain the link between children’s personality traits and the change of IC related networks, 

i.e., reward-related nucleus and executive networks. 

Given previous evidence indicating that the maturation of the brain can be indexed by the 

degree of functional coupling between the frontal executive networks and the striatum (Balleine 

et al., 2007; Brand et al., 2014; Casey, 2015; Liston et al., 2006; Rubia et al., 2006), the main 

goal of the thesis was to explore the effect of screen exposure time on developing children’s 

intrinsic neural coupling that underlies IC. This study used the first two waves of the Adolescent 

Brain Cognitive Development study (Casey et al., 2018) to examine the intrinsic functional 

connectivity estimated from resting-state fMRI, focusing on the functional connectivity between 
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the fronto-parietal network and striatum. The specific aims of this study were to 1) Examine the 

effects of screen exposure time on the neurocircuitry underlying inhibitory control. 2) Examine 

screen exposure time as a mediator in the relationship between personality traits and the 

neurocircuitry underlying inhibitory control. 3) Examine the relationship between the 

neurocircuitry underlying inhibitory control and behavioral indices of inhibitory control. 

Hypotheses 

Consistent with the study aims, the hypotheses were: 

1. There would be an alteration of the fronto-striatal connectivity in children with longer 

daily screen exposure time. 

2. The daily screen exposure time in the baseline year (i.e., 1st-year/wave1) can predict the 

strength of the fronto-striatal connectivity two years after (i.e., 2nd-year/wave2) as well 

as the strength change between waves.  

3. In addition to the effect of daily screen exposure time on the IC circuit, this study further 

predicted that as children become more exposed to screens, their reward sensitivity will 

be augmented, leading to a delay in the development of the inhibitory neural circuit 

(Johnson et al., 2003; Kim et al., 2016; Kim-Spoon et al., 2016; Miller et al., 2004). 

4. The striegth of fronto-striatal connectivity is possitively correlated with behaviroal 

indecies of inhibitory control. 
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Methods 

Participants and Data Preprocessing 

The present study was performed by using data retrieved from the Adolescent Brain Cognitive 

Development (ABCD) Data Repository (https://abcdstudy.org). The ABCD Data Repository 

tracks 11,878 individuals aged 9 to 11 years from 21 data collection sites around the United 

States (Casey et al., 2018). The dataset was downloaded on 11/2020 from the NIH Data Archive 

(NDA, https://nda.nih.gov/). The present study included the ABCD Youth Screen Time Survey 

(STQ, abcd_stq01), the Sports and Activities Survey (abcd_spacss01), the processed resting-

state fMRI data (ABCD rsfMRI Network to Subcortical ROI Correlations, mrirscor02), ADHD  

score from the Child Behavior Checklist Scores (CBCL, abcd_cbcls01), and behavioral 

performance in the Stop Signal Task (SST, abcd_sst02).  

Demographic and Behavioral Data 

Demographics Survey. In a parent-report questionnaire (pdem02 and abcd_lpds01), caregivers 

reported the race and gender of themselves and their child, family structure, total household 

income, and education. 

Screen Time Assessment. Screen time was assessed using a child self-report measure consisting 

of 14 items (Barch et al., 2018; Sharif et al., 2010). The main 12 items measured different types 

of screen utilization, such as watching TV shows or movies, watching videos, and playing video 

games, on a typical weekday and weekend day. The scale is as follows: 0 = None; .25 = < 30 

minutes; 0.5 = 30 minutes; 1 = 1 hour; 2 = 2 hours; 3 = 3 hours; and 4 = 4+ hours. Additionally, 

the survey included two items related to the experiences in playing mature-rated video games 

and watching R-rated movies (See Appendix A). Daily average screen time was calculated by 

averaging the sum of weekday screen time and the sum of weekend time. 
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Non-Screen Activities Time Assessment. The activities time refers to all sports and activities 

other than screen time, which was measured by the parent-reported Sports and Activities 

Involvement Questionnaire (Huppertz et al., 2016). The items in the questionnaire included 31 

different types of sports, music, art and hobbies. Parents had to report how many years, how 

many months per year, how many days per week, and how many minutes per session their child 

participated in a certain activity (See Appendix B). The activities time data was processed in two 

steps: missing value remedy and final score calculating.  

The data set had several missing values on various types of activity and was scattered on 

different participants. If the samples with missing data were simply discarded, 2,075 samples 

(25%) had to be removed. Thus the remedy rules that were applied were: 1) for missing values of 

days per week items, took out all data points that have the same value on months per year and 

then calculated the median of days per week of those data points for replacing the missing 

values. For example, if soccer: days per week was missing and the months per year was 2, then 

all other months per year that were 2 under soccer were taken out, and then the median of days 

per week of them was calculated. The median value was used to replace the missing values in 

this example. 2) for missing values of minutes per session, took out all data points that have the 

same value of months per year and then calculated the median of minutes per session of those 

data points for replacing the missing point. After dealing with the missing values, because the 

scale of this survey was different from the scale of the screen time survey, daily average activity 

time was calculated by the following steps: 1) converted the minutes per session of a single type 

of activity to hour per session; 2) multiplied the hour per session and days per week of a single 

type of activity and divided by seven; and 3) added up all types of activities.  
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Screen-Activity Proportion Score. In the examinations, the non-screen activities time was used 

to control the screen exposure time by the following calculation: 

𝑆𝐴𝑃	𝑠𝑐𝑜𝑟𝑒 =
𝐷𝑎𝑖𝑙𝑦	𝑆𝑐𝑟𝑒𝑒𝑛	𝑇𝑖𝑚𝑒

𝐷𝑎𝑖𝑙𝑦	𝑆𝑐𝑟𝑒𝑒𝑛	𝑇𝑖𝑚𝑒 + 𝐷𝑎𝑖𝑙𝑦	𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦	𝑇𝑖𝑚𝑒 

The Screen-Activity Proportion (SAP) score reflects how much individuals are exposed to the 

screen on a daily basis compared to non-screen activities. For example, the higher SAP score 

over 0.5 means that an individual spent more time with screens daily than non-screen activities.  

Behavioral Inhibition/Behavioral Approach System (BIS/BAS) Scales. Carver and White 

(Carver & White, 1994) suggested two motivation systems, the behavioral inhibition system 

(BIS) and the behavioral activation system (BAS; Motzkin et al., 2014). The BIS corresponds to 

the motivation to avoid aversive outcomes. The BAS corresponds to the motivation to approach 

reward outcomes, which can be allocated to three facets: BAS Drive, BAS Fun-seeking, and 

BAS Reward Responsiveness (See Appendix C). To examine the relationship between individual 

behavioral traits in reward sensitivity, the degree of screen time exposure, and the neural 

development, the BAS scores were included. Although the BAS is divided into three subscales, it 

was found to load onto one single dimension significantly when a factor analysis was conducted 

(Miller et al., 2004). Thus, in the current analysis, the sum of the three BAS subscales (i.e., BAS 

Total) was adopted, as an indication of overall reward sensitivity (Kelley et al., 2019). 

Behavioral indecies of inhibitory control. The ADHD traits and the performences of SST were 

used as behavioral indices of inhibitory control. The ADHD Scale (t-score) scale of the child 

behavior checklist (CBCL) was use as the measure of ADHD traits, with a higher scores 

indicating more behavioral problems (Achenbach & Edelbrock, 1991; Owens et al., 2021). The 

SST (Logan, 1994) measures impulsivity and ability of impulse control. It requires participants 

to withhold their motor responses to a “Go” stimulus when an unpredictable “Stop” is presented. 
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Participants were instructed to respond as quickly and accurately as possible when a “Go” signal 

is presented. They were also instructed to withhold the motor response when a delayed “Stop” 

signal is presented. If participants are able to withhold the motor response while “Stop” is 

shown, the trial is counted as successful inhibition, whereas if participants still respond, the trial 

is counted as unsuccessful inhibition. Of the total 180 trials in each run of the task, 30 of the 

trials (16.67%) were “Stop” trials. To ensure that there were about 50% successful and 50% 

unsuccessful inhibition trials, a tracking algorithm varied the interval between the “Go” signal 

onset and the “Stop” signal onset. This interval is called Stop Signal Delay (SSD), which initial 

setup was 50 ms. Following an unsuccessful inhibition, the SSD would be decreased by 50 ms on 

the next “Stop” trial to make the withhold easier. Following a successful inhibition, the SSD 

would be increased by 50 ms on the next “Stop” trial to make the withhold harder. Although 

most studies use the stop-signal reaction time (SSRT) as the dependent variable of the SST, it is 

indicated that the SSRT in the ABCD study is problematic (for the detailed see Bissett et al., 

2021) so instead of only using the SSRT, the mean SSD was used as the main index of 

impulsivity in the present study. A shorter SSD corresponds to a higher impulsivity (Logan & 

Cowan, 1984; Logan et al., 2014). More details about the design of SST is available in Casey et 

al. (2018). 

Neuroimaging Data 

Imaging protocol. The ABCD imaging protocol was integrated from three 3T scanner platforms 

(i.e., Siemens Prisma, General Electric/GE 750, and Philips), which used standard adult-size 

multi-channel coils that are capable of multiband echo-planar imaging (EPI) acquisitions. More 

information about the protocols, such as scanning parameters and motion correction processing, 

are available in Casey et al. (2018) and Hagler et al. (2019). 
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Resting-State Intrinsic connectivity between the Inhibitory Control Network to Subcortical 

ROI connectivity. The ABCD dataset provides processed resting-state intrinsic network 

connectivity with various subcortical regions based on the subcortical segmentation with the 

FreeSurfer’s automated brain segmentation (aseg) atlas (Bruce, 2012) to the cortical networks’ 

that extracted by the Gordon parcellation approach (Gordon et al., 2016). For the present study, 

the values representing the strength of the frontoparietal network (FPN) to striatum connectivity 

(Figure. 1A) were generated by averaging the scores of the FPN-bilateral caudate, the FPN-

bilateral putamen, and the FPN-bilateral accumbens connectivities. More details about the MRI 

processing pipeline and ROI extraction are available in Hagler Jr et al. (2019).  
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Data Analysis Plan 

Data Preparation 

The Robust Correlation Toolbox under Matlab was used for outlier detection and data 

cleaning (Pernet et al., 2013; Rousselet & Pernet, 2012). Using this toolbox, a scatter plot and 

normalized histograms with the corresponding Gaussian curves was plotted in the first step to 

overview the distribution of the data. Secondly, bivariate normality and heteroscedasticity were 

tested by using Henze-Zirkler's Multivariate Normality Test (Henze & Zirkler, 1990; Trujillo-

Ortiz et al., 2007) and by comparing variances using a 95% percentile bootstrap CI, respectively. 

The outliers were determined using the 1.5 Interquartile Rule (IQR). 

Correlation and Mediation Model Testing 

Data analyses were performed by combining a 50,000 permutation resampling method 

and the robust method (Pernet et al., 2013), unless otherwise noted. By performing the 

resampling with replacement (boostrapping and permutation) techniques, ordinary least squares 

(OLS) models can be used without needing assumptions of normality and homoscedasticity 

(Efron & Tibshirani, 1994; Manly & Alberto, 2020). The statistical results from both Frequentist 

(i.e., p-value) and Bayesian approaches were reported to ensure robustness of the results. 

Bayesian approaches are able to evaluate the relative plausibility of the alternative hypothesis 

and the null hypothesis simultaneously, which can avoid the inflated false positive rate due to the 

large sample size (i.e., more than 10,000 in the ABCD data; c.f., Sullivan & Feinn, 2012). The 

Bayes factors (BF10) were adopted as support for the alternative hypothesis (H1) over the null 

hypothesis (H0). A BF10 larger than 3 is interpreted as moderate favor for H1 and a value larger 

than 10 is interpreted as a strong favor for H1 (Matzke, 2014). For the Bayesian test, because the 

previous ABCD neural correlate studies reported significant results with a small effect size (r‘s 
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range from 0.037 to 0.07) (Cheng et al., 2020; Karcher et al., 2019; Paulus et al., 2019; 

Rosenberg et al., 2020), in the present study, a conservative stretched beta prior width of 0.3 was 

set in JASP 0.14.1 version (JASP Team, 2021), reflecting the belief of a medium effect size.   
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Results 

After removing the missing value, the final sample size for the first year was 8,324 

(interview date from 09/2016 to 10/2018). For the second year (interview date from 07/2018 to 

01/2020) only 3,891 children from the first-year data were included in the current analyses as the 

second-year data has not yet fully released. The age range of children in this sample in their first 

year was 107-133 months old (M = 119.32, SD = 7.52) and 49.64% of them were female. 

Children were primarily identified as White (66.61%, race alone), 13.69% as African American, 

and 11.85% as Multiracial population. Caregiver ages ranged from 23 to 80 years (M = 40.21, 

SD = 6.75). See Table 1 for more demographic information.  

The range of children’s daily screen time is from 0 to 24 hours (M = 3.85, SD = 3.01, 

Median = 3); whereas the range of children’s daily non-screen activities time is from 0 to 12.57 

hours (M = 1.31, SD = 1.22, Median = 1.04). When converting them into SAP scores (M = .71, 

SD = .23, Median = .75), the results showed that 838 children (10%) didn’t have non-screen 

activities (SAP = 1) and only 25 children (0.3%) didn’t have screen activities (SAP = 0). The 

distributions of children’s daily screen time, non-screen activities time, and SAP scores are 

shown in Figure 2 to Figure 4 and their correlation with demographic variables are shown in 

Table 2. 

Association between screen exposure and the fronto-striatal connectivity.  

The correlation analysis showed a significant negative correlation between the screen-

activity proportion and the fronto-striatal connectivity of first-year data (n = 7881, r = -0.040, 

95% CI5,000 bootstrap = [-0.0605, -0.0186], BF10 = 13.10). As the stronger strength of the fronto-

striatal connectivity is considered an index of maturation of the inhibitory control system, the 
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results suggest that a longer screen exposure time was associated with a underdeveopmental 

inhibitory control system in the brain (Figure. 5A).  

An additional group-level comparison was conducted by comparing the children who had 

a SAP greater than the 90th percentile (SAP = 1, n = 785) and to the children who had a SAP 

less than the 10th percentile (SAP < 0.39, n = 788, MSAP = 0.29, SD = 0.07). Results supported 

that children with higher SAP scores, who were children that only used screen but did not report 

to have non-screen activity, had a significant weaker fronto-striatal connectivity (Figure 5C in 

grey; Mhigh = 0.021, Mlow = 0.027, independent t-test: t(1571) = 3.043, p = 0.002, Cohen’s d = 

0.153, BF10 = 5.487). 

Association between screen exposure and the development of fronto-striatal connectivity.  

A correlation analysis using the second-year neural data demonstrated a stronger 

significant negative correlation between the screen-activity proportion and the fronto-striatal 

connectivity than with the first-year neural data (n = 3711, r = -0.0933, 95% CI50,000 bootstrap = 

[-0.1231, -0.0635], BF10 = 428995.74; Figure 5B). In addition, the first year daily screen 

exposure time prediced the strength change between the first and second year (year 2 minus year 

1)  (n = 3707, r = -0.0340, 95% CI50,000 bootstrap = [-0.0645, -0.0035], BF10 = 0.349).  

As conducted in the first year data, there was a statistically significant difference in 

fronto-striatal connectivity between the high SAP group (n = 329) and the low SAP group (n = 

382, MSAP = 0.28, SD = 0.08). This strong group effect confirmed again that the longer screen 

activity is strongly associated with the development of the inhibitory control system in the brain 

(Figure. 5C in blue; Mhigh = 0.010, Mlow = 0.024, t(709) = 5.675, p < 0.001, Cohen’s d = 0.427, 

BF10 = 439537.31). 
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Along with the result of the first year neural correlates, the results of the developmental 

data suggest that a longer screen exposure time may negatively affect the development of the 

inhibitory control system in the brain. 

Bayes factor robustness check for the correlation analyses 

Although a conservative stretched beta prior width of 0.3 was used in the present study to 

reflect the belief of a medium effect size. Robustness checks were applied to make sure the 

current correlation findings were stable even a different prior was used. As the robustness checks 

shown in Figure 6, the screen time effect on both the first-year and second-year neural data 

results were robust. However, the strength change between the first- and the second-year neural 

data, however, was located in the anecdotal range.  

Association between reward sensitivity, screen exposure, and brain.  

The pairwise correlations between reward sensitivity trait, screen exposure and inhibitory 

control imply a mediation relationship among them, such that screen exposure time mediates the 

relationship between reward sensitivity trait and inhibitory control. However, this possible 

mediation relationships and progression among children have not been studied. Therefore, it was 

further hypothesized that screen exposure time mediates the relationship between the BAS score 

and the strength of the fronto-striatal connectivity. 

A bootstrapping mediation analysis was used (Biesanz et al., 2010; Preacher & Hayes, 

2008) to test the hypothesis that screen-activity proportion mediates the relationship between the 

BAS score and the strength of the fronto-striatal connectivity. The results showed that the 

screen-activity proportion significantly mediated the effect between the BAS score and the 

second year fronto-striatal connectivity (Figure 7 in blue, indirect effect: B = −8.190e-5, SE = 

1.981e-5, p < 0.001, 95% CI5,000 bootstrap = [-1.243e-4, -4.440e-5]) explaining 28.68% of the 
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total effect. The results remained significant after controlling for the children’s sex, age and 

family socioeconomic status. This mediation effect was also shown when using the first-year 

fronto-striatal connectivity (Figure 7 in gray, indirect effect: B = -4.319e-5, SE = 1.229e-5, p < 

0.001, 95% CI5,000 bootstrap =  [-6.591e-5 -2.054e-5]). The results suggest that the screen 

exposure effect augments the aversive reward sensitivity effect on the inhibitory control network 

development. The results with nuisance regressors (sex, age, household income, and parental 

education level) are shown in Table 3. 

Association between screen exposure and the subdivisions of the striatum. 

  In addition to deeming the striatum as a whole, it was also valuable to further examine 

the screen exposure effect on different striatal regions. Drug seeking and addiction studies 

showed that there is an activation shift from the ventral (nucleus accumbens, Nacc) to the dorsal 

striatum (caudate and putamen) along with the behavioral shift from voluntary to habitual drug 

seeking and then to addiction (Everitt & Robbins, 2013; Zhou et al., 2018). It was suspected that 

the longer daily screen exposure time was not simply voluntary but close to habitual seeking 

behavior. The results supported our argument, where a longer screen exposure was more 

associated with the dorsal striatum especially in the second year, rcaudate = -0.0597, 95% CI50,000 = 

[-0.0902, -0.0292], BF10,caudate = 15.738; rputamen = -0.0710, 95% CI50,000 = [-0.1010, -0.0414], 

BF10,putamen = 245.716; rNacc = -0.0257, 95% CI50,000 = [-0.0560, 0.0047], BF10,Nacc = 0.070 (See 

Figure 8 and Table 4 for more details). 

Association between brain and behavioral indices.  

Given that the ABCD data did not release the two-year follow up of the ADHD score 

(instead, the one-year follow up was released), the current analyses only included the first wave 
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of ADHD score but two waves of SST performences in order to make the logic of analysis 

consistent. 

The correlation analyses showed that there was no significant association between the 

strength of fronto-striatal connectivities and children’s ADHD traits nor significant correlation 

between the strength of fronto-striatal connectivities and children’s performance in the stop 

signal task (i.e., SSD and SSRT), suggesting that there was no association between the intrinsic 

neural network activity and inhibitory performences. The detailed values are shown in Table 5. 
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Discussion 

This thesis study examined how daily screen exposure time can influence the inhibitory 

control network (ICN) in children’s brains using the first two years of data from the ABCD 

study. The results demonstrated that a longer screen exposure time was negatively associated 

with the strength of the fronto-striatal connectivity. The results further demonstrated that a longer 

screen exposure time predicts a protracted development of the ICN supported by a negative 

correlation to the wave2 strength of the fronto-striatal connectivity and the strength change 

between two waves. Finally, the results showed that a longer screen exposure mediated the effect 

between the reward sensitivity and the wave2 fronto-striatal connectivity, indicating that a longer 

screen exposure may augment the aversive reward sensitivity effect on the ICN development. 

Importantly, this screen exposure effect was more associated with the dorsal striatum, which is 

involved in habitual seeking behavior, suggesting that the screen exposure effect is similar to 

addictive effects. 

  Focusing on the striatum, the core of reward-related processing region, and the frontal 

executive network, functioning in executive control mechanism (Balleine et al., 2007; Brand et 

al., 2014), our results extend previous work by showing that the screen exposure effect was not 

only linked to a single region but can influence the interaction between regions and systems, that 

is an inverse fronto-striatal connectivity in both cross sectional data and the longitudinal data. 

Previous screen dependency research paid attention to the striatum and the frontal executive 

network separately. They showed that the striatum, especially the dorsal striatum (i.e., caudate 

and putamen in humans), serves a role in screen dependency with its function in reward and 

addictive processes (Corbit et al., 2012; Everitt et al., 2008; Everitt & Robbins, 2013; Schwendt 

et al., 2009; Volkow et al., 2006). Studies have also demonstrated that youth with IGD had 
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volumetric alternation in the striatum (Cai et al., 2016) and patients with internet addiction 

exhibited less activation in the striatum in a competitive task (Dong et al., 2013) compared to 

controls, suggesting the reward process changed in the screen dependency group. Moreover, 

frontal executive networks of the IGD group had a resting within-network connectivity reduction 

in the FPN (Dong et al., 2015), and lower activation in the DLPFC during inhibitory tasks (Liu et 

al., 2014) compared to the control group, suggesting that the inhibitory function was impaired in 

the screen dependency group. 

However, for a more comprehensive view, it is better to investigate these two systems 

together given that they are coupling together structurally and functionally. Between the striatum 

and the frontal executive network, both DTI and fMRI studies revealed more restricted fiber 

tracts and increased positive connectivity across development as neural networks become more 

specialized and efficient in IC (Liston et al., 2006; Rubia et al., 2006). Thus, the negative fronto-

striatal connectivity among longer screen exposure users in the current study may, therefore, 

reflect decreasing sophistication of functional coupling between these networks as the brain 

matures throughout childhood and adolescence. Although similar exploration in screen-related 

behaviors has not been reported yet, this view can be supported by substance addiction research. 

Yuan and Colleague (2017) used both the DTI and functional connectivity techniques to explore 

the frontostriatal network on smokers. Results showed a negative functional coupling of the 

fronto-striatal connectivity during smoking cue-induced craving and this coupling was negatively 

correlated with the fiber tract integrity of fronto-striatal connection. Becker et al. (2017) also 

reported a decreased fronto-striatal connectivity in alcohol dependent patients relative to healthy 

controls. Thus, in the same vein, the excessive screen exposure can weaken the development of 

the fronto-striatal network such that the present study demonstrated that the changes in the 
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fronto-striatal connectivity exist in the individuals with increased screen dependency. Thus, 

examining neural responses at the network level can provide an integrated contribution. 

Our findings are is congruent with previous findings from resting-state (Becker et al., 

2017; Kohno et al., 2014; Motzkin et al., 2014; Wang et al., 2013) and task-based fMRI studies 

(Becker et al., 2017; Kohno et al., 2014; Yuan et al., 2017) in terms of the detrimental effect of 

negative fronto-striatal coupling. However, it should be noted that there is contradictory evidence 

from resting-based studies as well (Hu et al., 2015; Koehler et al., 2013) showing that a longer 

exposure to addictive stimuli was associated with a positive fronto-striatal connectivity. For 

example, there was an increased connectivity between ventral striatum and the superior/middle 

frontal gyrus found in the pathological gambling patients (Koehler et al., 2013) and an increased 

fronto-striatal connectivity in cocaine addiction patients (Hu et al., 2015). However, given the 

heterogeneity of study populations and approaches, these inconsistent findings in fronto-striatal 

coupling are not unexpected. Some of the diverse reports may be due to the distinct addictive 

behaviors and the status of those behaviors, such as the period of at risk, current dependence, and 

the period of recovery (Pariyadath et al., 2016). Moreover, differences of the target regions 

within the frontostriatal circuits may show these seemingly contradictory findings. For instance, 

the study of Koehler et al. (2013) showed a positive coupling by using the ventral striatum as the 

region representing the striatum, whereas Wang et al. (2013) showed a negative coupling by 

employing the caudate, dorsal striatum, to represent the striatum.  

  Importantly, the current study showed a difference in the connectivity between each 

subdivision of the striatum and the frontal executive network. Results showed that a longer 

screen exposure resulted in a more negative dorsal striatum coupling to the frontal executive 

network relative to the ventral striatum especially in the second-year data. Evidence from both 
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rodent and human studies have shown a functional shifting from the ventral to the dorsal striatum 

underlying the voluntary behaviors becoming compulsion, suggesting a dysfunction of the IC 

(Everitt et al., 2008; Everitt & Robbins, 2013; Zhou et al., 2018). In the rodent model, dopamine 

release was increased only in the dorsal but not the ventral striatum while rats’ cocaine seeking 

became habitual (Everitt et al., 2008). Similary, a study with cannabis-dependent male using 

resting-state fMRI showed that the additive group had a lower dorsal striatum connectivity to 

frontal regions relative to the controls (Zhou et al., 2018). Thus, the finding of stronger 

association to the dorsal striatum imply the effect of screen exposure is similar to the 

consequences of the substance use.   

 The current analyses focused on the screen exposure effect on the striatum and 

frontoparietal network connectivity. However, there are other regions within the frontostriatal 

network and may be involved in inhibitory control and possibly be altered by the excessive 

screen exposure, such as connectivity between the striatum and the ventromedial prefrontal 

cortex (Kim & Kang, 2018) or between the striatum and the orbitofrontal cortex (Chun et al., 

2018). In addition, previous addictive behavior studies suggest that the fronto-limbic system (Lee 

& Telzer, 2016; van Duijvenvoorde et al., 2016) and the salience network (Vincent et al., 2008) 

also contribute to inhibitory control. For example, the SN is engaged in the stimuli detection and 

can switch to couple with the default-mode network (DMN) or the frontoparietal network (FPN) 

to reflect an appropriate attention configuration (see Uddin et al., 2010 for review). In other 

words, from SN, the moment-by-moment connectivity changes between different networks may 

play an important role in enhancing inhibitory control in the brains. Although remaining in the 

static functional connectivity approach, studies have shown that the interactions between the SN, 

DMN and excessive networks were disrupted in individuals with substance-use disorder (Liang 
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et al., 2015; Volkow et al., 2012) and in adolescents with Internet addiction (Wang et al., 2017). 

These results suggest that the daily excessive screen exposure may also change the switching 

function of SN. Therefore, further investigation of dynamic functional connectivity between the 

SN and other networks with a link to excessive screen behavior will increase our understanding 

of the inhibitory control network in developing brains. 

 As the COVID-19 pandemic forces virtual experiences to rapidly substitute for a 

significant proportion of in-person interactions, future research has to pay more attention to the 

daily screen exposure rather than only focusing on screen-related disorders, such as internet 

gaming disorder. In fact, children spending considerable time on screen for noneducational 

content, such as a simple television viewing (David Acevedo-Polakovich et al., 2007; Swing et 

al., 2010), mobile phone usage (Seo et al., 2016), and active social media use (Du et al., 2019; Ra 

et al., 2018). These contents have been reported to have deleterious effects on inhibitory control. 

Fortunately, inhibitory control is malleable by engaging in the tasks that are required to inhibit 

one’s emotions, thoughts, and behaviors in the face of temptations and impulses. For instance, 

the daily practices on avoiding sweets (Muraven, 2010), forcing exercise (Oaten & Cheng, 2006) 

and game-based go/nogo program (Liu et al., 2015), have been shown to improve the strength of 

inhibitory control. Therefore, children should be encouraged to spend more time on such 

activities to strengthen their inhibitory control. 

The present study used the longitudinal data to demonstrate that the daily screen exposure 

preceded the functional connectivity patterns, suggesting that the screen exposure may affect the 

development of the ICN and augment the reward-seeking tendency. However, this study can 

only examine the change at the intrinsic neural network level and fail to find any significant 

correlation between intrinct neural connectiviy and any behavioral indices. Limited by the 
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currently released processed data in the ABCD study, it is difficult to gain the processed 

inhibitory task-based cortical networks to subcortical regions data. In future studies, it will be 

necessary to examine how daily screen exposure influences the connectivity in the frontostriatal 

network while the inhibitory processing is activating. Moreover, limited by the heterogeneous 

nature of the neural data of the ABCD study, the effect sizes represented by r of the current study 

are small. Several ABCD neural correlate studies were reported with a small effect size as the 

current study (Cheng et al., 2020; Karcher et al., 2019; Paulus et al., 2019; Rosenberg et al., 

2020),. To ensure the robustness of the results, the current study applied Bayesian approach and 

Bootstrap Hypothesis Testing (Dick et al., 2021) to confirm the findings are robust. 
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Conclusion 

 In brief, the present thesis study showed that with longer daily screen exposure, the 

neural coupling between the frontoparietal (frontal executive networks) and the striatum (nucli 

for reward and addictive process) is decreased in children. This connectivity strength deduction 

is greater in the second year suggesting that the screen exposure may impair the development of 

the inhibitory control system in children’s brains. Importantly, this daily screen exposure may 

augment the reward-seeking tendency and the neural consiquences of daily screen exposure were 

close to impulsive addictive behavior rather than a voluntary use. Given that virtual movement is 

irreversible in modern and future life, there should be an increase of attention in this research 

field of daily screen exposure. 
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Tables 

Table 1. Demographic table 

 Wave 1 Wave 2 

Sample size (N) 8,324 3,891 

Interview date 09/2016 - 10/2018 07/2018 - 01/2020 

Female percentage 49.64% 46.94% 

Age (in month) 119.32 (107-133) 143.49 (127-163) 

Caregiver’s age (in year) 40.21 (23-80) 42.35 (25-82) 

Race alone  (from wave 1 data) 

White 66.61% 71.34% 

African American 13.69% 10.80% 

Native Americana 0.46% 0.46% 

Asian 1.92% 1.59% 

Others 3.99% 3.50% 

Multiracial population 11.85% 11.11% 

Caregiver’s marital status   

Married 70.16% 71.21% 

Living with partner 5.22% 5.76% 

Others 24.01% 22.39% 

Total combined family incomeb   

< $25,000 11.51% 8.30% 

$25,000 - $49,999 12.79% 11.03% 

$50,000 - $99,999 26.33% 26.25% 

$100,000 - $199,999 30.19% 33.68% 

>=$200,000 11.37% 13.42% 
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Refuse to answer or don’t know 7.83% 7.30% 

Parental Educationc  (from wave 1 data) 

<High school diploma 5.55% 4.19% 

High school Diploma or GED  9.87% 8.66% 

Some college or associate degree 28.23% 28.89% 

Bachelor's degree 29.68% 31.90% 

Post graduate degree 26.54% 26.22% 

Refuse to answer 0.13% 0.13% 

All demographic variables were parent-reported. For example, for the race attribute, the 

question was: “What race do you consider the child to be?.”  

aNative American included American Indian, Alaska Native, and Native Hawaiian. 

bWhat is your total combined highest income for the past 12 months? 

cWhat is the highest grade or level of school you have completed or the highest degree you 

have received? 
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Table 2. Simple zero-order correlation (r score) between interested variables and demographic 

variables without removing outlier. 

 SAP (Wave 1) Striatum (Wave 1) Striatum (Wave 2) BAS 

Age  -0.0516 -0.0113 -0.0028 -0.0213 

Sex (M=1, F=0) 0.0347 0.0120 0.0187 0.0871 

Caregiver’s age -0.1870 0.0026 0.0515 -0.0742 

Total combined 
family income -0.3786 0.0421 0.0827 -0.1330 

Parental 
Education -0.3745 0.0459 0.0828 -0.1175 

All correlations were matched for wave except for the parental education. BAS: Behavioral approach 

system. Striatum: FPN-Striatum Connectivity. 
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Table 3. The results of Mediation analysis  

 B SE p 95% CI5,000 bootstrap 

Main model (Wave1)      

Indirect effect -4.319e-5 1.229e-5 < 0.001 [-6.591e-5 -2.054e-5] 

Total effect 2.569e-5 7.196e-5 0.721 [-1.163e-4 1.707e-4] 

Controlling for sex and age    

Indirect effect -4.436e-5 1.264e-5 < 0.001 [-6.932e-5 -2.120e-5] 

Total effect 1.909e-5 7.516e-5 0.800 [-1.228e-4 1.723e-4] 

Controlling for household income   

Indirect effect -1.443e-5 9.582e-6 0.132 [-3.273e-5 3.336e-6] 

Total effect 8.937e-5 7.535e-5 0.236 [-5.849e-5 2.363e-4] 

Controlling for parental education    

Indirect effect -2.180e-5 1.044e-5 0.037 [-4.243e-5 -2.968e-6] 

Total effect 6.995e-5 7.521e-5 0.355 [-7.671e-5 2.176e-5] 

Main model (Wave2)      

Indirect effect -8.190e-5 1.981e-5 < 0.001 [-1.243e-4, -4.440e-5] 

Total effect -2.856e-4 1.150e-4 0.004  [-5.178e-4, -4.681e-5] 

Controlling for sex and age     

Indirect effect -6.008e-5 1.463e-5 < 0.001 [-9.068e-5, -3.539e-5] 

Total effect -2.650e-4 9.143e-5 0.004  [-4.442e-4, -9.474e-5] 

Controlling for household income   

Indirect effect -3.155e-5 1.057e-5 0.003 [-5.649e-5, -1.473e-5] 

Total effect -1.934e-4 9.174e-5 0.035  [-3.620e-4, -1.804e-5] 

Controlling for parental education    

Indirect effect -3.629e-5 1.171e-5 0.002 [-6.275e-5, -1.630e-5] 

Total effect -2.072e-4 9.133e-5 0.023  [-3.841e-4, -3.251e-5] 
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Table 4. The results of the association between screen exposure and the subdivisions of the 

striatum connectivities to the frontoparietal network (FPN). 

 
r CI50,000 bootstrap BF10 

Wave 1 
   

Caudate  -0.0273 [-0.0481, -0.0066] 0.535 

Putamen -0.0215 [-0.0423, -0.0004] 0.173 

Nucleus 
Accumbens 

-0.0246 [-0.0456, -0.0039] 0.303 

Wave 2 
   

Caudate -0.0597 [-0.0902, -0.0292] 15.738** 

Putamen  -0.0710  [-0.1010, -0.0414] 245.716*** 

Nucleus 
Accumbens 

-0.0257 [-0.0560, 0.0047] 0.070 

Caudate: FPN-Caudate connectivity; Putamen: FPN-Putamen connectivtiy; Nucleus 

Accumbens: FPN-Nucleus Accumbens connectivity. 

* BF10 > 3;** BF10 > 10; *** BF10 > 30. 

 

 

  



 
 
 

 51 

Table 5. The results of the association between screen exposure, brain, and behavioral indices 

of inhibitory function in r and [CI50,000bootstrap]. 

 
Striatum (Wave 1) Striatum (Wave 2) Striatum Changea SAP 

ADHD (Wave 1) -0.0105 
[-0.0343, 0.0134] 

- - 0.0778*** 
[0.0554, 0.0997] 

SSD (Wave 1) 0.0156 
[-0.0069, 0.0379] 

- - -0.0073 
[-0.0287, -0.0142] 

SSRT (Wave 1) -0.0247 
[-0.0478, -0.0018] - - 0.0022 

[-0.0194, -0.0238] 

SSD (Wave 2) 0.0118 
[-0.0206, 0.0446] 

-0.0207 
[-0.0527, 0.0114] 

-0.0228 
[-0.0560, 0.0104] 

-0.0061 
[-0.0386, -0.0261] 

SSRT (Wave 2) -0.0060 
[-0.0377, 0.0256] 

0.0281 
[-0.0073, 0.0627] 

0.0233 
[-0.0105, 0.0571] 

0.0250 
[-0.0066, 0.0566] 

ADHD: Attention Deficit Hyperactivity Disorder ; Striatum: FPN-Striatum Connectivity; SAP: Screen-

Activity Proportion score; SSD: Stop Signal Delay; SSRT: Stop Signal Reaction Time. aStriatum Change: 

Wave 2 FPN-Striatum Connectivity minus Wave 1 FPN-Striatum Connectivity. 

* BF10 > 3;** BF10 > 10; *** BF10 > 30. 
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Figures 

  

Figure 1. A schematic view of the relationship between the striatum and the frontoparietal 

network. The frontoparietal network (FPN) is composed of the dorsolateral prefrontal cortex 

(DLPFC) and the posterior parietal cortex (PPC). There is a direct biological projection 

between the striatum (red) and the frontoparietal network (green). 
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Figure 2. The distributions of children’s total daily screen time and time spent on each subitem. 
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Figure 3. The distributions of children’s total daily non-screen activity time. 

 

 

Figure 4. The distributions of the Screen-Activity Proportion (SAP) score. 
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Figure 5. Correlation results. A: Correlation between the first year Screen-Activity Proportion 

(SAP) and the FPN-Striatum Connectivity from the first-year neural data. B: Correlation 

between first year SAP and the FPN-Striatum Connectivity from second-year neural data. C: The 

group comparisons between high SAP and low SAP in FPN-Striatum Connectivity for both 

years. * p < .05 or BF10 > 3;** p < .01 or BF10 > 10; *** p < .001 or BF10 > 30. 
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Figure 6. Robustness check graphs for three basyan examinations. A: Robustness check for 

correlation between the first year Screen-Activity Proportion (SAP) and the FPN-Striatum 

Connectivity from the first-year neural data. B: Robustness check for correlation between the 

first year SAP and the FPN-Striatum Connectivity from the second-year neural data. C: 

Robustness check for correlation between the first year SAP and the difference between the 

second-year and first-year FPN-Striatum Connectivity. 
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Figure 7. Mediation results. Association between reward sensitivity (BAS score), screen time 

(SAP), and the inhibitory control network (FPN-Striatum Connectivity) from the first-year data 

(in grey) and the second-year data (in blue). * p < .05 or BF10 > 3;** p < .01 or BF10 > 10; *** 

p < .001 or BF10 > 30. 

 

 

Figure 8. Illustrations of the ROIs examined in the subdivision connectivity test.    
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Appendices 

Appendix A. ABCD Youth Screen Time Survey (STQ) 
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Appendix B. ABCD Summary Scores Sports Activity   
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Appendix C. BIS/BAS  
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Appendix D. IRB Approval Letter  
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Appendix E. Data Availability 

Source Data: https://osf.io/z9dcp/?view_only=bb229c96747a4213ad36ada37651ec28 


