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ABSTRACT  

   

As screen time (ST) constitutes an integral part of the daily lives of young 

children today, parents, educators, and researchers have started to explore the 

associations of ST with children’s cognitive, behavioral, and social outcomes. The 

majority of existing studies have primarily focused on the duration of ST in relation to 

these outcomes despite the importance of other aspects such as content and type of device 

in the context of an evolving digital landscape marked by high mobility, ubiquity, and 

diversity. Addressing this gap, the current study aimed to explore the intricate relations 

between multiple aspects of ST (i.e., duration and content), executive function (EF) 

difficulties, and school adjustment in school-aged children, with a particular focus on the 

mediating role of EF difficulties linking the relations between ST and school adjustment. 

The current study employed data from the Panel Study on Korean Children, tracking 

1,484 South Korean children from third to fourth grade. The duration of ST was 

measured by the average daily hours spent on smart devices and computers. Parent 

reports of the levels of engagement in recreational and educational ST and EF difficulties 

were assessed on Likert scales. School adjustment was reported on by teachers. The 

results from a half-longitudinal mediation model demonstrated that more frequent 

engagement in educational ST was related to fewer EF difficulties, which was in turn 

associated with better school adjustment. The current findings suggest that multiple 

approaches are needed to effectively guide children’s ST use in their everyday lives and 

interventions that target EF might be an effective way to promote children's behavioral 

and social adjustment in school settings.  
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CHAPTER 1 

INTRODUCTION 

Screen time (ST), which refers to the amount of time individuals spend on screen-

based media devices, has become an increasingly pervasive and inevitable part of child 

development as children in contemporary society are "digital natives born into an ever-

changing digital ecosystem" (Radesky & Christakis, 2016, p. 827). Due to dramatic 

increases in the use of new media characterized by high mobility, children around the 

world may be exposed to various ST activities in many contexts with almost no 

constraints on time and space, making the impact of ST on children’s learning and 

adaptation a matter of increasing concern.  

South Korea, particularly, is a country where the impact of ST on learning and 

adaptation is likely to be highly influential due to the wide accessibility of various media 

devices, the rapid development of relevant technology, and a high interest in education. 

In fact, the South Korean government was so concerned about the potential negative 

effects of ST that they introduced an online game shutdown law, known as the 

“Cinderella law”, in 2011. The law restricted access to online games for children and 

adolescents under the age of 16 between midnight to 6 a.m. to prevent game addiction 

and promote healthy lifestyles. However, there has been controversy regarding its 

effectiveness, and eventually, the law was repealed in 2021. As this example 

demonstrates, strict restrictions on ST may not be effective. Instead, it is important to 

understand the various aspects of ST and potential benefits as well as risks to better guide 

children’s ST.  
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Given the growing importance of ST in children’s everyday lives, the current 

study aimed to examine the relations between different aspects of ST (i.e., duration and 

content) and behavioral and social adjustment in school among school-aged children 

from thrid to fourth grade in South Korea. Considering that school adjustment in the 

elementary school years is closely linked to later success (e.g., Caemmerer & Keith, 

2015; Duncan et al., 2007), understanding how ST is related to children’s school 

adjustment during this period is important to help children develop positively and 

adaptively. Furthermore, the current study aimed to examine the role of executive 

function (EF) as the mechanism underlying this association to obtain a more 

comprehensive understanding of the sophisticated relations between ST and school 

adjustment.  

Screen Time 

Importance of Considering Various Aspects of Screen Time  

Research has explored children’s ST and its relations with various developmental 

outcomes. However, most studies have primarily focused on traditional ST (e.g., 

television (TV), video games) with recreational content and often defined ST as the total 

time combining different ST activities and content with mixed findings of both positive 

and negative outcomes (see Zahedi et al. 2021 for a review). A recent review regarding 

the relations between children’s TV viewing and cognitive and behavioral developmental 

outcomes suggested that what children watch can be more important than how much they 

watch considering the mixed findings regarding the relations between the duration of ST 

and developmental outcomes (Kostyrka-Allchorne et al., 2017). In addition, more 
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contemporary ST devices such as smartphones and tablets have characteristics distinctive 

from traditional types of ST like TV viewing or video gaming. For instance, they are 

more portable and less likely to be supervised by parents, allowing children to more 

easily access ST and granting them greater autonomy in ST usage.  

Understanding different aspects of ST is particularly important in middle 

childhood because children become more likely to possess their own devices upon 

entering formal schooling and have greater accessibility to a wider variety of content 

(Lee & Kim, 2019), which provides them with more autonomy in planning and managing 

their ST with less parental supervision and monitoring (Kostyrka-Allchorne et al., 2017; 

Linebarger et al., 2014). As a result, their overall ST consumption using various ST 

devices increases, and the types of ST content they consume become diverse (e.g., 

recreational, educational; Lee, 2021a).  

Despite the increasing importance of contemporary ST devices and various types 

of content in school-aged children, very little research has been done on understanding 

how different types of ST content using such devices are related to children’s cognitive, 

behavioral, and social outcomes. Therefore, the current study focused on relatively newer 

types of ST (i.e., computers and smart devices) and included the extent to which children 

engage in educational or recreational ST in addition to the overall duration of ST.   

Screen Time in South Korea  

 In South Korea, ST is a huge societal issue due to its ubiquity and inevitability in 

everyday life. Almost all of the population in South Korea can access the Internet using 

dial-up, ADSL, or cable broadband access. According to the Organization for Economic 
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Co-operation and Development (OECD) report, the percentage of households with 

Internet access in South Korea is 99%, which is the highest among 42 OECD countries 

(OECD, 2022). In a recent report about media use among 0- to 6-year-old South Korean 

children, almost all households had smartphones (99%), televisions (94.3%), and 

personal computers (90.7%) at home, and the average daily hours of children’s ST using 

these devices was 3 hours (Lee et al., 2021). In addition, the percentage of children who 

had their own smartphones was 17.2%, and among them, the average age of the first 

smartphone possession was 3.6 years old. These statistics suggest that children in South 

Korea can easily access various media devices from a very young age, and ST constitutes 

a large portion of children’s daily lives.  

As ST is a huge part of children’s everyday lives and the age of first exposure to 

ST becomes lower, parents, educators, and policymakers in South Korea have a high 

interest in children’s ST use, the influences of ST on various developmental outcomes, 

and the development of proper ST guidelines. As a result, relevant research has started to 

emerge in South Korea (e.g., Byun & Kim, 2007; Jang & Kim, 2008; Lee et al., 2013). 

However, few studies have been conducted using a longitudinal design and most studies 

have not included different aspects of ST such as content and duration. Moreover, there is 

a lack of research exploring possible mechanisms of the associations between ST and 

developmental outcomes. Thus, the current research that explored complex longitudinal 

relations between ST and school adjustment through EF difficulties will shed new light 

on the role of ST in South Korea.  
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School Adjustment 

As children start formal schooling, they face the challenge of adjusting to new 

environments, including not just physical surroundings but also academic and social 

settings. This transition brings about greater demands in terms of schoolwork and social 

interactions, requiring higher levels of social and cognitive skills (Linebarger et al., 2014; 

Moilanen et al., 2010). For instance, children are expected to develop intellectual skills, 

foster learning motivation, and grow a positive identity as students (Perry & Weinstein, 

1998). Moreover, the significance of relationships with both peers and teachers amplifies 

as children spend more hours at school (Lee et al., 2015). The dynamics of children’s 

relationships with peers, especially, become more intricate as they often involve larger 

groups and require more organized and rule-oriented interactions in contrast to 

predominantly dyadic play typical of the preschool years (Fabes et al., 2009). Therefore, 

in order to thrive and adapt successfully throughout their elementary school years, 

various behavioral, cognitive, and social skills are needed.  

Despite the importance of various skills for successful adaptation, most research 

has measured children’s school success with academic achievement or educational 

success based on teacher reports or school records such as GPA and test scores (Jimerson 

et al., 2003). Although academic achievement is an essential indicator of school success, 

it can only capture children’s academic competence. Thus, some researchers have 

suggested that children’s school functioning should be understood using “real-world” 

measures of children’s behaviors in school instead of standardized tests (Nelson et al., 

2017).  
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Many studies have included behavioral and social aspects of children’s school 

functioning but they have primarily focused on the extent to which children engage in or 

refrain from problematic behaviors such as aggression, disruptive behaviors, or 

inattention (e.g., Gentile et al., 2012; McArthur et al., 2022; Özmert et al., 2002; Sharif et 

al., 2010; Tamana et al., 2019). Albeit important, these findings are limited to 

information about children’s (mal)functioning or (mal)adaptation. Thus, the current study 

focused on positive aspects of school adjustment including behavioral adjustment (e.g., 

how well children adhere to school rules and expectations and how actively they 

participate in classroom activities) and social adjustment (e.g., how well children create 

and maintain healthy relationships with peers and teachers). This approach reflects 

children’s competence in understanding and meeting situational and contextual demands 

as well as achieving their pursuit of socially valued goals (Wentzel, 2013).  

Relations Between Screen Time and School Adjustment 

Duration of Screen Time and School Adjustment 

Plenty of research has demonstrated that the duration of ST is related to problem 

behaviors in general such as hyperactivity, inattention, impulsivity, aggression, and so on 

although not specific to behaviors in school settings (e.g., Gentile et al., 2012; McArthur 

et al., 2022; Özmert et al., 2002; Sharif et al., 2010; Tamana et al., 2019). In such studies, 

the ways of measuring ST and problem behaviors were different and the age range of the 

participants varied, but the results were consistent – higher ST was related to the 

increased likelihood of reporting problem behaviors.  
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Albeit fewer, some studies have explored whether the duration of ST is related to 

positive behavioral functions specifically in school such as classroom engagement and 

learning-related behaviors. For instance, Pagani and colleagues demonstrated that more 

exposure to TV at 29 months of age was related to poorer classroom engagement (i.e., 

task orientation, compliance, and persistence) in kindergarten and fourth grade (Pagani et 

al., 2010, 2013). Therefore, higher levels of ST duration seem to be related to the 

increased likelihood of problem behaviors and the decreased likelihood of positive 

behavioral functions in school.  

The existing literature also reveals consistent findings that a longer ST duration is 

associated with peer problems or lack of other relevant characteristics like social skills 

whereas lower levels of ST duration are related to positive peer relationships. For 

instance, 4- to 12-year-old children who watched videos more than 3 hours a day had 

more problems in peer relationships and prosociality than those watching videos less than 

3 hours a day (Shiue, 2015). A longitudinal study also found that more TV viewing at 29 

months old was related to more victimization by peers two years later (Pagani et al., 

2013) and at age 10 (Pagani et al., 2010). Similarly, more ST was associated with poorer 

communication or social skills (Hu et al., 2020; Rocha et al., 2021; Sanders et al., 2019; 

Yang et al., 2017) and more social problems (Özmert et al., 2002) in early and middle 

childhood. On the other hand, watching less than the recommended hours of leisure ST 

(less than 2 hours) was related to higher levels of peer acceptance in children ages 8 to 12 

years old (Belton et al., 2021). Thus, engaging with a large amount of ST may interfere 

with interactions with others and the acquisition of necessary social skills. However, 
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consuming an appropriate amount of ST may not be negatively associated with 

relationships with others.  

The above-mentioned research mainly included TV or video viewing when 

measuring ST, but more current studies have included various types of ST. For example, 

a longitudinal study that measured ST as a composite of TV viewing and gaming using 

tablets, computers, game consoles, and phones demonstrated that more ST at age 4 

predicted lower emotion understanding, an essential skill in social interactions, two years 

later (Skalická et al., 2019). A cross-sectional study with infants and preschoolers from 0 

to 60 months old observed similar findings that excessive ST was related to lower scores 

in children’s interaction skills and abilities to play (Rocha et al., 2021). The results were 

consistent when they ran separate analyses for TV and interactive media (e.g., video 

games, smartphones, and tablets), suggesting that the findings from previous research 

with traditional types of ST (e.g., TV viewing) may apply to more contemporary types of 

ST. 

Research conducted in South Korea has documented similar results. For instance, 

a cross-sectional study by Jeong (2020) investigated how ST including Internet, games, 

mobile devices, and TV was related to school readiness skills measured by social and 

emotional development, approaches to learning, cognitive development, and general 

knowledge during the kindergarten year. The results demonstrated that more 

consumption of ST was related to poorer school readiness skills. Similarly, higher levels 

of ST duration in first graders, measured by hours spent watching TV or video and using 

computers or gaming devices, were concurrently related to poorer school adjustment 
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including academic activities, school rules, peer relationships, and relationships with 

teachers (Ahn et al., 2017).  

Longitudinal studies in South Korea also found that ST duration was significantly 

related to school adjustment. Lee (2021b) demonstrated that the longer hours children 

spent with ST upon entering elementary school were related to the lower levels of initial 

school adjustment. In addition, as the duration of ST increased from first to third grade, 

children’s school adjustment became poorer. This finding suggested that the duration of 

ST at the beginning of formal schooling could be an important factor influencing the 

extent to which children adjust to new environments in school settings. Another 

longitudinal study that followed participants from first grade to fourth grade raised the 

possibility of more prolonged relations between ST and school adjustment (Lee & Lee, 

2022). In this study, ST predicted school adjustment two years later, but not one year 

later. It may indicate that some amount of time is required for ST to take effect on 

children’s school adjustment. Or, it can also imply a need for a mediator bridging early 

ST and late school adjustment.   

As observed in the above-mentioned studies, ST duration was negatively related 

to children’s school adjustment but some inconsistent findings exist. For instance, a study 

found no significant relations between ST and school adjustment measured by rule 

compliance and relationships with peers and teachers in 9- to 15-year-old children (Byun 

& Kim, 2007). Other studies also observed no association between ST and problem 

behaviors in preschoolers (Hu et al., 2020; Tansriratanawong et al., 2017). In Hu et al. 

(2020), non-significant relations were found regardless of the type of ST activities (e.g., 
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passive ST such as watching TV or video vs. active ST such as playing on computers or 

smart devices). These mixed findings may suggest that the content of ST should be 

considered in order to more accurately navigate the associations between children’s ST 

use and school adjustment.  

Content of Screen Time and School Adjustment  

Although it is clear that an excessive amount of ST is negatively related to 

children’s school adjustment in general, it is less clear if the content of ST is important to 

consider when examining the relations between ST and school adjustment. A recent 

systematic review regarding the relations between TV viewing and children’s cognition 

and behaviors pointed out that most studies did not take into account the content of TV 

programs despite some findings that what children watch rather than how much they 

watch may better predict developmental outcomes (Kostyrka-Allchorne et al., 2017). 

Most studies examining how ST content is related to children’s school success 

have focused on academic achievement (e.g., Baydar et al., 2008; Ishii et al., 2020; 

Sanders et al., 2019; Skvarc et al., 2021). However, some studies have explored the 

relations between ST and children's general behavioral outcomes although not 

specifically in the school context. For instance, a longitudinal study with children at 21 

and 33 months revealed that watching non-educational programs was concurrently and 

longitudinally associated with an increase in aggressive behaviors and externalizing 

problems, but no significant relation was found between watching educational programs 

and behavior problems (Tomopoulos, Dreyer, et al., 2007). Similarly, a longitudinal 

study following children from 10 and 11 years old to 14 and 15 years old demonstrated 
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that educational ST had no significant relations with social and emotional functions as 

measured by the Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997), but 

social media use was negatively associated with social and emotional functions (Sanders 

et al., 2019). In sum, research on the association between the content of ST and 

behavioral school adjustment is sparse but it appears that non-educational or recreational 

ST is related to maladaptive behavioral functions with the results regarding the role of 

educational ST less clear.  

On the other hand, there is growing evidence that different types of content may 

have different associations with relationships with peers or teachers. For example, more 

engagement in recreational or non-educational ST is likely to be related to more problems 

or poorer quality in social relationships. One study with preschoolers from low-SES 

families found that watching age-inappropriate or non-educational content was related to 

lower social skills and more problematic behaviors in school (e.g., aggression, 

hyperactivity), which may interfere with positive social relationships (Conners-Burrow et 

al., 2011). Another study found a negative relation between recreational ST at age 4 and 

peer attachment at age 10 (Park et al., 2019). The authors suggested that children who 

spent more time on recreational ST might have less time to spend with peers, which could 

lead to lower attachment to peers. On the other hand, educational ST tends to have 

opposite patterns. A meta-analysis demonstrated that educational TV programs 

portraying prosocial content had positive associations with altruism or positive 

interactions with others because children possibly learned prosocial skills from 

observation (Mares & Woodard, 2005).  
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Studies using a latent variable or composite score of school adjustment including 

both behavioral and social adjustment dimensions have documented similar findings. One 

study with children ages 8 to 12 years old investigated the associations between leisure 

ST (i.e., TV or video viewing, playing games, playing on a smart device) and some 

indicators of physical, psychological, and social well-being (Belton et al., 2021). The 

results showed that children with higher levels of leisure ST (more than 2 hours) were 

likely to have lower levels of peer acceptance and poorer school well-being (i.e., 

perception of their cognitive abilities, learning, attention, and feelings about school) 

compared to those with lower levels of leisure ST. Similarly, a study with fifth graders in 

South Korea investigated how children used their mobile phones and how it was related 

to school adjustment measured by several different factors including academic 

performance, rule compliance, and relationships with peers and teachers (Sung, 2013). 

This study found that using phones to communicate with others (e.g., talking or texting 

with family members and friends) or to take pictures was related to better adjustment, 

whereas gaming on the phone was associated with poorer adjustment. These studies did 

not include ST for learning, focusing only on recreational and communication ST. 

Nevertheless, the results suggested that ST content may be important to consider when 

studying the relations between ST and school adjustment.  

One study included both recreational and educational ST along with various 

dimensions of school adjustment, albeit with older participants ages between 13 and 17 

years old. Jang and Kim (2008) examined how computer use was related to social 

relationships and school adjustment in adolescence and if these relations differed by how 
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adolescents used computers (i.e., communicating, information-seeking, and entertaining). 

The results showed that the total duration of computer use was negatively related to 

overall school adjustment. However, when examining the relations between the content 

of computer use and school adjustment, the authors found some unique associations. 

Although using computers for communication had no significant relation with school 

adjustment, using computers for information-seeking and entertainment was associated 

with school adjustment significantly, but in opposite directions. More frequent 

engagement in information-seeking use was related to better school adjustment, whereas 

more frequent engagement in entertainment use was associated with poorer school 

adjustment. This research also demonstrated negative relations between the amount of 

computer use and students’ attachment to parents, peers, and teachers. However, the 

specific relations differed by the content of computer use. Computer use for 

communication was related to high attachment to parents, peers, and teachers. However, 

using computers for entertainment was negatively associated with attachment to teachers, 

but had no significant relations with attachment to parents and peers.  

In sum, research has suggested the content of ST matters in explaining the 

associations between ST and school adjustment. Overall, recreational ST tends to be 

negatively related to children’s behavioral and social adjustment in school settings, but 

the associations between educational ST and school adjustment are inconsistent and need 

further examination. In particular, further exploration regarding the longitudinal relations 

between the content of ST and school adjustment is needed given the lack of longitudinal 

investigations.  
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Taken together, the findings regarding the relations between ST duration and 

school adjustment are generally consistent (i.e., longer duration related to poorer 

adjustment) but only partially explain the roles of ST because most studies have 

neglected the content of ST. Although several scholars have pointed out the necessity of 

research considering various aspects of ST (Kostyrka-Allchorne et al., 2017; Sharif et al., 

2010; Shin, 2004), there has been little empirical research on this topic and the results are 

less clear. In particular, the prospective consequences of different types of ST content are 

not well understood. Thus, the current study took into account the long-term 

contributions of both the duration and content of ST to school adjustment in school-aged 

children.  

Executive Function 

The current study extends the literature by proposing EF as a possible mechanism 

explaining the relations between ST and school adjustment. Lezak (1982) defined EF as 

“mental capacities necessary for formulating goals, planning how to achieve them, and 

carrying out the plans effectively (p. 281)”. Since its first use in the 1980s, researchers 

have developed numerous definitions of EF based on their research focus and interests, 

making EF a complex concept that is difficult to define (see Baggetta & Alexander, 2016 

for a review). However, most researchers agree that EF consists of several distinct but 

interrelated components or processes, and some even use the plural term executive 

functions to emphasize that EF is a collection of different skills (Diamond, 2013). In the 

current study, I have incorporated several definitions that are most widely used (e.g., 

Carlson et al., 2013; Miyake et al., 2000) and defined EF as an umbrella term referring to 
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a set of separate but related goal-directed skills of managing, controlling, and directing 

cognitive, emotional, and behavioral functions, particularly in novel and complex 

situations (Gioia et al., 2000; Zelazo et al., 2016).  

The current study used a latent factor of EF consisting of several different 

components, supporting the perspective that EF is made up of separate but related 

components. Specifically, the current study included four different sub-domains: 

behavioral control, emotional control, planning, and attention. Behavioral control is the 

ability to deliberately control dominant or automatic behaviors to respond more 

appropriately to the situation (Diamond, 2013). Emotional control is the ability to manage 

and control emotional responses (Gioia et al., 2000). Planning and attention are 

considered more advanced EF skills because they require complex cognitive processes 

that need multiple EF skills such as inhibitory control, working memory, and cognitive 

flexibility (Garon et al., 2008). Planning is the capacity to identify and arrange the steps 

and components needed to accomplish a goal (Lezak et al., 2004). Attention refers to the 

ability to concentrate on a given task and ignore other irrelevant stimuli (Garon et al., 

2008).  

Relations Between Screen Time and Executive Function 

The development of EF depends on neural circuits in the prefrontal cortex, which 

is highly interconnected with other areas of the brain and responsible for coordinating 

activities (Zelazo et al., 2016). The prefrontal cortex develops for a prolonged period and 

neural circuits related to EF are highly plastic and malleable during development, which 

makes EF vulnerable to environmental influences (Bernier et al., 2012; Huttenlocher, 
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2002; Zelazo et al., 2016). Considering that ST is one of the most common and dominant 

environmental features nowadays, it can play an important role in the development of 

brain areas relevant to EF. For instance, excessive exposure to ST is known to affect 

brain development by causing chronic sensory stimulation (Neophytou et al., 2021) and 

decreases in white matter integrity and functional connectivity between brain regions 

(Horowitz-Kraus & Hutton, 2018; Hutton et al., 2020).  

Although no studies have examined how different types of ST content contribute 

to brain development, a study about the relations between reading time and brain 

development (Horowitz-Kraus & Hutton, 2018) may provide hypothetical support for 

different associations between ST and EF by content. According to this study, reading 

time could encourage the practice of visualizing incoming information, which increases 

functional connectivity between several different brain regions responsible for visual 

processing, language, cognitive control, and EF. Indeed, ST activities were found to be 

related to brain structural patterns regarding greater maturation in the visual system 

(Paulus et al., 2019). If ST content can increase functional connectivity between brain 

areas relevant to the visual system and cognitive competence including EF, it may foster 

the development of EF. Compared to recreational ST, educational ST appears to be more 

likely to assist children in deliberately visualizing the information on a screen because it 

requires more active focus and attention in order to effectively process incoming 

information.  

There is growing empirical evidence that the duration of ST is negatively 

associated with EF although most studies have focused on TV viewing. For example, a 
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systematic review of the relations between TV exposure and children’s cognition and 

behaviors concluded that the duration of TV exposure is negatively related to EF or other 

related features such as attention (Kostyrka-Allchorne et al., 2017). The findings were 

consistent regardless of how EF was measured. For example, Nathanson et al. (2014) 

used four performance-based measures of EF with preschoolers and found that 

cumulative TV viewing was related to poorer EF. Other studies using parent-report 

measures such as the NEPSY-II (A Developmental Neuropsychological Assessment, 

Second; Korkman et al., 2007) and the BRIEF-P (the Behavior Rating Inventory of 

Executive Functioning – Preschool Version; Gioia et al., 2003) had similar findings that 

more hours of TV viewing had significant relations with poorer EF concurrently in 5- to 

12-year-old children (Rosenqvist et al., 2016) and longitudinally from 1 years old to 4 

years old (Barr et al., 2010).  

Research including computers or smart devices is rare but has yielded similar 

results. For instance, a longitudinal study showed that ST measured by TV or DVD, 

computers, and touch-screen devices at 2 years old was related to poorer EF at 3 years 

old (McHarg et al., 2020). However, this study used a composite ST combining hours of 

ST in a traditional way (i.e., video viewing) and ST on more contemporary devices (i.e., 

computers and touch-screen devices). Studies with a primary focus on contemporary 

media devices have yielded similar findings. For instance, a study found that preschoolers 

ages between 3 and 5 years old with a higher level of mobile application use and 

gameplay using tablets, computers, consoles, or other devices (more than 30 minutes per 

day) had lower inhibition measured by a performance-based task compared to those with 
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a lower level of mobile application use and gameplay (McNeill et al., 2019). Li et al. 

(2021) investigated the relations between preschoolers’ tablet use and EF using both 

performance-based measures of EF and brain imaging. Both behavioral findings and 

brain imaging supported negative relations between tablet use and EF in children ages 

between 4 and 6 years old. In the EF tasks, non-users significantly outperformed heavy 

users. In addition, non-users showed healthy activation patterns in the prefrontal cortex 

whereas heavy users showed patterns that need further exploration. Thus, research with 

newer types of ST has demonstrated excessive ST may be related to decreases in EF, 

similar to the findings from studies with traditional ST.  

Despite the extensive body of empirical evidence linking high ST duration to 

poorer ST, inconsistent findings exist (e.g., Blankson et al., 2015; Foster & Watkins, 

2010; Jusienė et al., 2020; Kim & Shin, 2019; Stevens & Mulsow, 2006). For instance, 

one study examined the different relations between ST and EF by including separate ST 

variables of TV, computers, smartphones, and tablets but found no significant relations 

from any type of ST to EF in preschoolers with a mean age of 58 months (Jusienė et al., 

2020). A study with South Korean preschoolers ages 5 to 6 years old also found that the 

duration of ST was not significantly related to self-regulation, inhibition, or attention 

skills (Kim & Shin, 2019). Moreover, a longitudinal study showed that children’s TV 

viewing at 3 to 4 years old did not significantly predict EF at 5 years old (Blankson et al., 

2015). Researchers explained their null findings with some possible reasons including 

low variability in EF among children (Kim & Shin, 2019) and the effects of third factors 
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such as socioeconomic status (SES; Foster & Watkins, 2010; Stevens & Mulsow, 2006) 

and home environments (Blankson et al., 2015).  

One study with 3- to 12-year-old children showed a contradictory finding that 

higher levels of ST were associated with better EF (Yang et al., 2017), which could imply 

the potential role of ST content as a possible third factor. When they examined the 

relations between different types of ST and EF, child-directed educational TV programs 

and classical cartoons were related to better EF but adult-directed TV programs and other 

kinds of programs (e.g., action cartoons and comedies) were not significantly related to 

EF. In this study, children were more likely to watch educational TV programs and 

classical cartoons than adult programs, which might make higher levels of ST related to 

better EF. These findings suggested that if educational ST and recreational ST have 

different relations with EF, combining all ST hours into one variable could obscure the 

effects of different types of content and lead to inconsistent findings.  

Additional studies have reported that different types of ST content had different 

relations with EF although specific results were mixed. For instance, Nathanson et al. 

(2014) found that the total duration of ST was typically associated with poorer EF in 

preschoolers but watching high-quality educational programs (e.g., PBS) was related to 

better EF. Children’s entertainment program viewing, on the other hand, had no 

significant relations with EF. Interestingly, the authors found that educational cartoon 

viewing was associated with poorer EF. They explained that it might be an animated and 

stimulating format of cartoons that could prevent children from effectively processing 

incoming information.  
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Several experimental studies offer additional support for exploring the association 

between ST content and EF. For example, Lillard and Peterson (2011) had 4-year-old 

children watch either an entertainment show or an educational show for 9 minutes with a 

control group assigned to draw for 9 minutes. After watching the show or drawing, the 

participants completed a series of EF tasks. The findings showed that children who 

watched the entertainment show performed significantly worse than the control group on 

the EF tasks; no difference was found in comparison to the children who watched the 

educational show. Additionally, Huber et al. (2018) demonstrated the positive role of 

educational ST by showing that children ages 2 to 3 years old who played an educational 

app had better performance on a battery of EF tasks in comparison to children who 

watched a cartoon.  

In sum, the findings regarding the duration of ST are relatively consistent as 

higher ST was related to poorer EF despite some exceptions, which indicates the potential 

importance of ST content. However, research about the role of the content of ST is scarce 

and the results are mixed. Furthermore, the previous studies have mostly focused on early 

childhood leaving middle childhood relatively unexplored despite the fact that children’s 

EF continues to develop and ST consumption is likely to change (Best et al., 2009; 

Linebarger et al., 2014), highlighting the need to examine the relations between multiple 

ST aspects and EF in school-aged children.  

Relations Between Executive Function and School Adjustment 

Accumulating empirical evidence has identified positive concurrent and 

prospective relations between EF and indicators of school adjustment such as school 
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engagement, learning-related behaviors, relationships with peers and teachers, and 

relevant social skills. First, better EF skills were associated with better school 

engagement or learning-related behaviors, concurrently (Brock et al., 2009; Sasser et al., 

2015) and longitudinally (Anthony & Ogg, 2020; Nelson et al., 2017; Neuenschwander et 

al., 2012). The positive relation between EF and learning-related behaviors was 

significant even after accounting for the level of general cognitive ability in first graders 

(Brock et al., 2009) and verbal IQ in the pre-kindergarten year (Sasser et al., 2015).  

Longitudinal research has demonstrated similar results. The research of Anthony 

and Ogg (2020) found short-term longitudinal relations between higher EF in the fall of 

kindergarten and better learning-related behaviors in the spring of kindergarten. 

Longitudinal studies with an extended term have found similar results. For instance, EF 

at 5 years old was significantly related to better classroom learning engagement in first 

grade (Nelson et al., 2017). Specifically, better EF was associated with more focused 

engagement and fewer inappropriate responses. Similarly, Neuenschwander et al. (2012) 

found a unique contribution of EF at 7 years old to learning-related behaviors one year 

later.  

In addition, studies have found significant relations between lower EF and 

behavioral difficulties in school. For instance, poorer EF at 3 to 4 years old was 

significantly related to more problem behaviors (Hughes & Ensor, 2008), and low gains 

in EF during the transition to formal school were associated with more problems in 

teacher-rated externalizing and internalizing behaviors (Hughes & Ensor, 2011). A study 

in South Korea with 9-year-olds also showed that children with higher levels of EF 
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difficulties had lower levels of school adjustment and higher levels of externalizing and 

internalizing problem behaviors (Cho & Ha, 2020). Thus, better EF is related to positive 

behaviors whereas poorer EF is associated with problematic behaviors.  

Second, a large body of research has documented significant associations between 

EF and children’s relationships with peers and teachers or related social skills. In a study 

that examined the relations between EF at 4 years old and the risk of bullying 

involvement in first or second grade, inhibition problems were related to a higher risk of 

bullying involvement as a bully, victim, or bully-victim (Verlinden et al., 2014). Similar 

patterns were found with older children. Better EF was associated with a reduced 

likelihood of experiencing peer problems over a long period from preschool to 

adolescence (Holmes et al., 2016). Specifically, the paths from better EF to lower peer 

problems were significant from 4.5 to 6 years old, from 4.5 to 9–10 years old, and from 

9–10 to 15 years old. 

Relatively few studies have addressed whether EF is associated with children’s 

relationships with teachers. According to McKinnon et al. (2018), EF prior to school 

entry was a significant predictor of better teacher-child relationships. Specifically, better 

EF predicted higher levels of closeness and lower levels of conflict with teachers in 

kindergarten. Research assessing self-regulation or effortful control, which is a 

temperamental feature of self-regulation, has provided similar results. Low self-

regulation or effortful control in kindergarten or first grade was related to more closeness 

and less conflict with teachers concurrently (Valiente et al., 2012) and longitudinally 

(Portilla et al., 2014; Rudasill, 2011). 
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There is also evidence that stronger EF is related to better social skills. A review 

article by Riggs et al. (2006) documented that deficiencies in EF were related to 

difficulties in social-emotional functioning such as impulsivity, distractibility, and 

inattention, in early childhood. On the other hand, competencies in EF were associated 

with adaptive functioning in social-emotional domains such as understanding of mental 

states, theory of mind, and delay of gratification. A study with older children observed 

similar results. Zorza et al. (2016) found that better EF was associated with higher levels 

of teacher-reported prosocial behaviors in children ages 8 to 13 years old even though no 

significant relations were found between EF and social nomination rated by peers.  

Some studies including various indicators of school functioning at the same time 

have demonstrated similar results concurrently and longitudinally. For instance, Carrera 

et al. (2019) reported that higher levels of caregiver-reported EF were related to higher 

levels of teacher-report school adjustment in 5- to 9-year-old children (i.e., learning 

capacity, academic performance, academic motivation, and teacher-child relationships). 

Another study with homeless children entering kindergarten or first grade found that 

better EF had concurrent associations with better school adaptation such as higher levels 

of academic achievement, peer acceptance, and prosocial behavior, and fewer problems 

of impulsivity, inattention, aggression, or non-compliance (Masten et al., 2012). 

Similarly, South Korean children with higher levels of EF difficulties in kindergarten 

were more likely to be classified into a group with lower levels of school adjustment as 

measured by academic performance, relationships with others, and classroom 

engagement in first grade (Goh & Jeon, 2020).  
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Taken together, better EF can be associated with more positive and adaptive 

functioning in school in terms of behavioral and social competence whereas poorer EF 

appears to be related to difficulties in adjusting to school environments. Few studies have 

documented the relations between EF and school adjustment in middle childhood as most 

studies have focused on preschoolers or the transition period to elementary school. 

Preschool years are a sensitive period for EF development (Diamond, 2006), as such, 

research has primarily focused on this period. In addition, the transition to elementary 

school is another unique period as children experience dramatic changes in school life 

and significant cognitive development occurs during the so-called “5 to 7-year shift” 

(Sameroff & Haith, 1996). Although these periods are critical, it is also essential to 

recognize the importance of the relations between EF and school adjustment in middle 

childhood as EF continues to develop during middle childhood (Best et al., 2009). 

Additionally, school adjustment has unique characteristics during this period, such as 

more time spent in school and the growing importance of learning. Thus, conducting 

more studies on the relations between EF and school adjustment in middle childhood, 

which has received less research attention, can further the understanding of children’s EF 

and school adjustment.  

Executive Function as a Mediator  

Why is ST related to school adjustment? The most popular explanation of why ST 

is related to school adjustment is the time displacement hypothesis (Neuman, 1988). 

According to this view, ST displaces time for schoolwork, other learning activities, and 

interactions with others, which hinders children from developing skills for learning and 
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adjustment. Alternatively, extensive experience with ST can make children passive 

learners. Thus, children who spend lots of time with ST are less likely to develop an 

interest in schoolwork, actively participate in classroom activities, behave well in school, 

or interact with others. However, some studies reported that time spent with ST does not 

substantively displace other cognitive or educational activities such as reading books, 

doing homework, and so on (e.g., Anderson et al., 2001; Mutz et al., 1993). Rather, ST 

displaces other functionally similar media activities like going to a movie theater or 

listening to the radio (Kirkorian & Anderson, 2009). Furthermore, unlike traditional ST 

devices, newer types of ST can encourage active learning among children (Butcher, 

2014). Therefore, it is important to explore alternative mechanisms that can better explain 

the relations between ST and school adjustment.  

Considering the limitations of the displacement hypothesis, the current study 

proposed EF as an alternative mechanism that can better explain the sophisticated 

relations between ST and school adjustment. Indeed, Pagani et al. (2013) suggested more 

carefully and systematically exploring the role of EF as a mediator because excessive ST 

in early years could negatively impact later school success by undermining EF, which 

manages and regulates task orientation, productivity, autonomy, cooperation with peers, 

and observance of rules and instructions in a classroom. Thus, the exploration of EF as a 

possible mechanism may offer a promising direction for future research and interventions 

aimed at mitigating the negative effects of ST and encouraging positive effects on school 

adjustment. 



 

  26 

The overarching view that ST is related to children’s school adjustments through 

EF is based on the developmental cascades model (Masten & Cicchetti, 2010) and the 

iterative reprocessing model (IRM)(Cunningham & Zelazo, 2007; Zelazo, 2015).  

According to the developmental cascades model, development occurs through cumulative 

consequences of multiple interactions and transactions across different levels, systems, 

domains, or generations (Masten & Cicchetti, 2010). Therefore, competence in one 

domain can serve as a foundation for the development of competence in other related 

domains. On the other hand, incompetence in one domain may prevent children from 

developing skills in other domains. In this study, the cascading interplay from the 

contextual level (i.e., ST) to the individual level (i.e., EF difficulties) may spill over into 

children’s adaptive functions in school settings. For instance, proper use of ST, which 

may include limited hours and more education-focused content, can benefit EF. In turn, 

EF may scaffold successful learning and promote productive school experiences by 

helping children stay focused, control their behaviors, and follow rules (Zelazo et al., 

2016). On the contrary, improper use of ST, such as excessive ST, may be negatively 

related to EF, which can interfere with children’s adjustment to school settings because 

EF difficulties make it difficult for children to develop necessary abilities for effective 

learning and adjustment such as attention skills and behavioral and emotional control.  

 The specific cascade paths from ST to EF to school adjustment can be better 

understood in relation to the IRM (Cunningham & Zelazo, 2007; Zelazo, 2015). 

According to this model, EF is supported by reflection, an elaborative reprocessing of 

information in the context of goal achieving, which mainly occurs through neural 
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processes in hierarchically arranged brain regions in the prefrontal cortex. Reflection 

permits the formulation of more complex rules and representations, as manifested in the 

interplay between specific EF skills such as working memory, inhibitory control, and 

cognitive flexibility. These EF skills then can help children modulate goal-directed 

attention and behaviors, which lead to effective learning and adaptation. That is, children 

practice their EF skills in favor of their goals after reflecting upon the situation and 

processing incoming information. If they properly process situational information in the 

brain and redirect their attention and behaviors accordingly to achieve goals using EF, 

they can eventually perform in a positive and adaptive way. However, if they fail to 

elaboratively reprocess information, they cannot exert EF to accomplish their goals, 

which leads to ineffective learning and adjustment.  

Reflection occurs when consciously and actively considering one’s situation and 

developing ideas to achieve a goal (Zelazo, 2015). Excessive ST or recreational ST 

without intentional problem-solving may not lead to the processes of reflection and 

reconstruction of complex information, which discourages EF development. Indeed, 

excessive ST appears to decrease functional connectivity between brain regions related to 

EF and other relevant skills, which may indicate little reflection (Horowitz-Kraus & 

Hutton, 2018). In turn, underdeveloped EF may prevent children from developing skills 

for successful school adjustment such as focusing on a given task, using various 

strategies to achieve a goal, following rules, and controlling behaviors and emotions 

(Zelazo et al., 2016). On the other hand, proper use of ST such as educational ST which 

encourages goal-directed problem-solving may foster reflection thereby promoting EF 
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skills. Then, EF skills can enhance children’s functioning in the classroom by 

encouraging their motivation, engagement, and attention, thereby promoting 

opportunities to obtain benefits from the school context (Sasser et al., 2015).  

Preliminary support for the mediating role of EF comes from recent longitudinal 

studies. Cerniglia et al. (2021) showed that dysregulation symptoms (i.e., anxiety, 

attention problems, and aggression), which have some features in common with EF, 

mediated the link between ST exceeding the American Academy of Pediatrics 

recommendation of 1 hour/day at 4 years old and mathematics grades four years later. 

Although useful, this study included academic achievement only as an outcome and 

overlooked the role of ST content. A study conducted in South Korea also found a 

significant indirect relation between the duration of ST at 7 years old and school 

adjustment at 9 years old through EF difficulties at 8 years old (Park et al., 2021). 

However, this study did not control for the prior levels of EF difficulties and school 

adjustment. Moreover, this study did not investigate unique relations by ST content 

either. Hence, the current study considering the longitudinal mediated relations between 

the duration and content of ST and various aspects of school adjustment through EF 

difficulties will advance the existing literature.  

In summary, both theory and empirical evidence have clear implications for 

mediated processes from ST to school adjustment through EF. By exploring such 

nuanced and complex relations, this study can provide important insights for researchers, 

educators, and caregivers who are interested in optimizing children's behavioral, 

cognitive, and social development. Understanding mediated processes is important to 
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identify the mechanism underlying the relations between ST and children’s school 

adjustment and figure out a possible factor that could be changed to foster children’s 

school adjustment. According to the developmental cascades model, an intervention 

designed to initiate changes in mediated processes may in turn change the outcomes 

(Maten & Cicchetti, 2010). In this manner, efforts can be made to reduce problems in 

domains that possibly cascade to other problems or to foster adaptive functions that can 

lead to improvement in other domains. For instance, interventions targeting EF can be 

effective in weakening the negative associations between ST and school adjustment. 

Caregivers and educators may guide children to properly and wisely use ST, which can 

enhance children’s EF and in turn facilitate positive and adaptive functioning at school.  

Current Study 

Study Aims 

 The current study has three primary aims. The first and second aims are to explore 

the longitudinal relations of ST duration and content (i.e., educational and recreational) 

with EF difficulties and school adjustment. The third aim is to investigate the role of EF 

difficulties as a mediator linking early ST and later school adjustment. The ultimate goal 

of addressing these aims is to provide foundational information and knowledge to create 

proper and effective ST guidelines and develop intervention programs to improve EF, 

which has been shown to be very responsive to intervention (Diamond & Lee, 2011), and 

ultimately foster school adjustment.   

Hypotheses   

 Specific hypotheses for each aim are followed.  
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Aim 1. To examine the longitudinal relations of ST with EF difficulties  

Hypothesis 1a. The overall duration of ST will be positively related to EF 

difficulties.  

Hypothesis 1b. The educational content of ST will be negatively related to EF 

difficulties.  

Hypothesis 1c. The recreational content of ST will be positively related to EF 

difficulties. 

Aim 2. To explore the longitudinal relations of ST with school adjustment  

Hypothesis 2a. The overall duration of ST will be negatively related to school 

adjustment. 

Hypothesis 2b. The educational content of ST will be positively related to school 

adjustment.  

Hypothesis 2c. The recreational content of ST will be negatively related to school 

adjustment. 

Aim 3. To investigate if EF difficulties serve as a mediator of the relations between ST 

and school adjustment  

Hypothesis 3a. EF difficulties will mediate the link between the duration and 

content of ST and school adjustment.   
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CHAPTER 2 

METHODS 

Participants 

The current study utilized data from the Panel Study on Korean Children (PSKC), 

which is a national longitudinal study in South Korea that follows the participants from 

birth. The PSKC started collecting data with newborns born from April to July 2008 and 

plans to track the participants for 20 years. The initial sample for the first year of data 

collection included 2,078 children with an additional 52 children added in the second 

year, followed by an additional 20 children in the third year. The final sample size was 

2,150 children. Upon recruitment, the mean age of children was 5.59 months (SD = 1.22 

months) and 49.3% were female. Approximately 68.8% of mothers and 71.5% of fathers 

had a junior college degree or higher. The monthly household income ranged from 0 to 

13,000,000 Korean Won with a mean of 3,211,430 Won (SD = 1,497,082 Won; On 

January 16, 2023, 1 U.S. dollar = 1,241 Korean Won).  

For the current study, data from Grade 3 (G3; Year 10) and Grade 4 (G4; Year 

11) were used. The number of children in G3 who were retained from the initial sample 

was 1,484, which is approximately 69% of the original sample. In G4, 1,436 children 

participated in the study. The number of children who had data for at least one focal 

variable (i.e., ST, EF, school adjustment) in G3 was 1,242. In G3, the mean age of 

children was 9.39 years (SD = 0.12) and 49% were female. Approximately 72.7% of 

mothers and 73.2% of fathers had a junior college degree or higher. The average monthly 

household income was 5,418,140 Korean Won (SD = 4,831,530 Won) ranging from 
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900,000 to 85,000,000 Won. A more detailed description of the sociodemographic 

information is provided in Table 1.  

Procedures and Design 

Recruitment  

A stratified sampling method was used by sampling 30 medical institutions from 

six regions that had more than 500 cases of delivery per year and then recruiting 

participants from these institutions. Some exclusion criteria were applied such as mothers 

younger than 18 years old, mothers unable to speak in Korean, mothers or newborns with 

severe health problems, newborns with a plan of adoption, and twins.  

Data Collection  

 The participants of the PSKC included children, primary caregivers (mostly 

mothers; 97.2%), and teachers. Data were collected from June to December annually by 

approximately 40 trained examiners. Various methods were employed for data collection, 

including paper-and-pencil questionnaires, web-based questionnaires, computer- or 

tablet-assisted interviews, observations, performance measures, physical examinations, 

and so on. For the variables included in the current study, paper-and-pencil 

questionnaires, web-based questionnaires, and computer- or tablet-assisted interviews 

were used. Paper-and-pencil questionnaires were used for questions to primary 

caregivers. Questionnaires were sent to their homes and collected by examiners during 

home visits for interviews, observations, and performance measures that occurred 

typically two weeks after sending questionnaires. During the home visits, computer- or 

tablet-assisted interviews were conducted to gather more detailed information. The 
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examiners presented each question on a laptop or a tablet screen to aid participants’ 

understanding and to record their responses. For sensitive questions such as household 

income and health issues, about which the participants might feel hesitant to respond 

verbally, the examiners provided the option to type their answers on the computer or 

tablet by themselves instead of verbally reporting them to the examiner. Web-based 

questionnaires were utilized to evaluate child characteristics in school. Teachers were 

provided with a unique link and code to complete the questionnaires at their convenience.  

 Informed consent was obtained from primary caregivers and teachers online. The 

PSKC obtained annual IRB approval (G3: KICCEIRB-2017-05; G4: KICCEIRB-2018-

02) and does not require additional permission for data use because the data, codebook, 

and questionnaires are open to the public.  

Measures  

Screen Time  

 Children’s ST was reported by primary caregivers. During the home visit, primary 

caregivers were given a computer or tablet and asked to answer questions regarding 

children’s ST. The duration of ST was measured by the average daily hours that children 

spent on smart devices (e.g., smartphones and tablets) or computers. Regarding content, 

the extent to which children spent time in different types of content on smart devices or 

computers was measured on a 4-point Likert scale (1 = Never, 4 = Every day). The types 

of content included in the questionnaire were gaming, entertainment (i.e., video watching 

and listening to music), social networking, information-seeking, and learning-related 

activities. These five types of content were grouped into two – recreational (i.e., gaming, 
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entertainment, social networking) and educational (i.e., information-seeking and learning-

related activities) based on the nature of each activity and the results of exploratory factor 

analyses. The mean score of each content category was used in the analysis.  

Executive Function Difficulties 

 Children’s EF difficulties were assessed by primary caregivers using the 

Executive Function Difficulty Screening Questionnaire (Song, 2014). The paper form 

was sent to the home before the visit so that primary caregivers could complete it 

beforehand.  

The measure includes 40 items in four subscales (i.e., Plan/Organize, 11 items; 

Behavior Control, 11 items; Emotional Control, 8 items; and Attention, 10 items). 

Plan/Organize measures the inability to manage task demands including understanding 

the task, setting goals, and planning steps (e.g., find it difficult to do things that need to 

be done step by step in order). Behavioral Control assesses the inability to control one’s 

behaviors appropriately (e.g., have difficulty controlling behaviors). Emotional Control 

contains items regarding the inability to modulate emotional responses (e.g., overreact to 

minor things). Attention addresses the inability to focus on a given situation (e.g., tend to 

forget things easily). All items were rated on a 3-point Likert scale (1 = Never, 3 = 

Often).  

One of the items in the Behavioral Control subscale was removed because the 

item had low communalities at both time points (.15 in G3 and .13 in G4) and did not 

load with any other items (i.e., do not care much even if people around them criticize or 

nag them about their behaviors), resulting in a total of 10 items in the Behavioral Control 
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subscale. The mean score of each subscale was used in the analysis. Because the items 

concern EF difficulties, a higher score indicates more difficulties in each domain. The 

internal consistency (Cronbach α) of all subscales was high across all time points 

(Plan/Organize: .89 and .89; Behavior Control: .84 and 86; Emotional Control: .91 

and .90; Attention: .91 and .91; G3 and G4, respectively).  

School Adjustment  

Teachers were provided an online link and a specific code to complete the School 

Adjustment Inventory (Chi & Jung, 2006). The questionnaire consists of 35 items in four 

subscales (i.e., Adjustment to School Life, 11 items; Adjustment to Academic 

Performance, 11 items; Adjustment to Peers, 8 items; and Adjustment to Teachers, 5 

items) on a 5-point Likert scale (1 = Strongly disagree, 5 = Strongly agree). Adjustment 

to School Life measures the ability to adjust to the overall school environment such as 

following rules and schedules, sitting still, and focusing on tasks (e.g., follow the 

classroom rules). Adjustment to Academic Performance contains items regarding the 

ability to be motivated and actively participate in class (e.g., actively participate in 

activities during class). Adjustment to Peers is related to the ability to create and maintain 

healthy peer relationships and perform prosocial behaviors (e.g., popular among peers). 

Adjustment to Teachers assesses the ability to form close relationships and feel 

comfortable with teachers (e.g., ask teachers for help when needed).  

Since the original labels for the subscales appeared to be ambiguous, I used the 

following labels to reflect behavioral and social adjustment more clearly and make the 

interpretations more consistent – Classroom Behaviors, Academic Behaviors, Peer 
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Relationships, and Teacher Relationships instead of Adjustment to School Life, 

Adjustment to Academic Performance, Adjustment to Peers, and Adjustment to Teachers, 

respectively.  

After running an exploratory factor analysis, one item from Classroom Behaviors 

(i.e., act younger than their age; Reverse coded) and another from Teacher Relationships 

(i.e., excessively fear and feel intimidated by teachers; Reverse coded), were excluded 

due to low communalities at both time points (.239 and .118 in G3 and .275 and .131 in 

G4). In addition, two of the items in the Academic Behaviors subscale more strongly 

loaded onto the Classroom Behaviors subscale, and the content of questions appeared to 

be consistent with the behaviors measured by the Classroom Behaviors subscale (i.e., do 

their assignments well and bring their materials prepared; have a strong sense of 

responsibility for the given tasks). Thus, these two items were moved to the Classroom 

Behaviors subscale from the Academic Behaviors subscale. As a result of this 

modification, the total number of items and the number of items in each subscale were 

slightly changed (i.e., Classroom Behaviors 12 items, Academic Behaviors 9 items, Peer 

Relationships 8 items, Teacher Relationships 4 items, total 33 items). The mean score of 

each subscale was used in the analysis. A higher score indicates better adjustment in 

school settings.  

High internal consistency (Cronbach α) was found in all subscales across all time 

points (Classroom Behaviors: .96 and .97; Academic Behaviors: .94 and .93; Peer 

Relationships: .94 and .94; Teacher Relationships: .85 and .84; G3 and G4, respectively). 

The summary of measures is presented in Table 2.  
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Covariates  

Children’s age, sex, number of siblings, and SES measured by monthly household 

income and parents' levels of education were included as time-invariant covariates. This 

information was obtained from primary caregivers, and data from G3 was used in the 

analyses.   

The average amount of extracurricular learning-related activities (i.e., private 

tutoring, doing homework, and reading) in hours per week reported by primary caregivers 

was added as a time-variant covariate. It was included as a covariate due to prior research 

that reported that learning-related activities were significantly related to ST, EF, and/or 

school adjustment (e.g., Cosden et al., 2004; Kim et al., 2021; Tomopoulous, Valdez, et 

al., 2007).  

Plan of Analysis  

Descriptive statistics, zero-order correlations, and attrition were analyzed in SPSS 

27.0. Then, a series of confirmatory factor analyses (CFA) was conducted to examine if 

the factor structures of EF difficulties and school adjustment differed by time or other 

confounders. To test the relations of ST with EF difficulties and school adjustment and 

the mediated effects of ST variables on school adjustment through EF difficulties, a half-

longitudinal mediation model was created in a structural equation modeling framework 

(Figure 1). Latent variables were created for EF difficulties and school adjustment each 

year, and observed variables were used for ST variables (i.e., overall duration, 

educational ST, and recreational ST). In addition, four additional models were created for 

each of the four subscales of school adjustment as an outcome. In these models, each 
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school adjustment subscale was included as an observed construct. Children’s age, sex, 

number of siblings, SES, and hours spent in extracurricular learning-related activities 

were added as covariates in all models. The full information maximum likelihood (FIML) 

was used to address missing data. CFA and the mediation model were tested in Mplus 8.8 

(Muthén & Muthén, 1998-2017).  

The multiple fit indices were employed to evaluate a model fit including the 

comparative fit index (CFI), the root mean square error of approximation (RMSEA) and 

its 90% CI, and the standardized root mean square residual (SRMR). Model fit is 

considered good when CFI is larger than or equal to .95 and RMSEA is less than or equal 

to .05. Model fit is acceptable when CFI is larger than or equal to .90, RMSEA is less 

than or equal to .08, and SRMR is less than or equal to .08 (Little, 2013). SRMR was 

considered for CFAs but not for the half-longitudinal mediation model because SRMR 

has not been well evaluated in the longitudinal model (Little, 2013). The chi-square 

statistic (χ2) was not considered a proper fit index due to the large sample size in the 

current study considering that the chi-square is sensitive to sample size (Fan et al., 1999). 

A half-longitudinal mediation model is a mediation model with two time points 

(Cole & Maxwell, 2003). Although it has some shortcomings compared to a longitudinal 

model with more time points (e.g., cannot directly test the stationarity assumption), it has 

certain advantages over a cross-sectional model. At least two time points enable 

controlling for prior levels of the mediator and outcome variables and examining the 

change variance. Because there is no way to directly test stationarity with two time 

points, the half-longitudinal mediation model assumes the relations between variables 
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would be stable. That is, it assumes that the paths from the predictor to the mediator and 

from the mediator to the outcome, which are estimated at the same time, would have a 

time-ordered relation if more than two time points were obtained (Little, 2013).  

To test mediation, I followed the steps outlined in Little (2013), which utilize the 

model comparison method adapted from the steps outlined in Cole and Maxwell (2003). 

For model comparison, a proper null model should be computed first, in which the 

measured variables do not covary with each other within and across time points, the 

variances of the same measured variables are constrained to be equal over time, and the 

means of the same measured variables are constrained to be equal over time. The null 

model provides an index of the amount of information in the data, which is represented in 

the calculation of CFI (Little 2013).  

Before testing the relations between the variables, a series of factorial invariance 

tests should be performed in order to ensure that the constructs, not the measures of the 

constructs, change across time points. In factorial invariance testing for the measurement 

model, equality constraints are added to each step so that less restricted and more 

restricted models can be compared using the chi-square difference testing or CFI 

difference testing. If the chi-square difference is not significant or the CFI difference is 

less than or equal to .01, it is considered that imposing constraints does not significantly 

worsen the model fit, and the model with constraints is retained (Little, 2013). Due to the 

large sample size of the current study, only the CFI difference was used as an index.  

First, the baseline model, which has the factor structure of each latent variable 

across time, is created. When the measures have the same structure over time, it is 
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considered to have configural invariance (Step 1). Second, when the observed variable 

has the same relations with the latent factor over time (i.e., each corresponding loading is 

constrained to be equal over time) as well as configural invariance, weak invariance is 

established (Step 2). If a score on the latent variable is associated with the same score on 

the observed indicator over time (i.e., each corresponding intercept is constrained to be 

equal over time) along with the previous two invariances, strong invariance is achieved 

(Step 3). Finally, if residual variances of the corresponding indicators are the same over 

time added to the previous three invariances, it means strict invariance. Strict invariance 

is often considered overly restrictive. Therefore, strong invariance was desired in the 

current study.  

Once establishing strong invariance by following the steps for the factorial 

invariance testing described above, several assumptions for longitudinal mediation are 

tested after adding structural parts. First, the equilibrium, or the homogeneity of the 

variance-covariance relations among constructs across time points is tested by comparing 

the strong invariance model to a reduced model in which the variances and covariances in 

G3 latent variables are constrained to be equal to those in G4 (Step 4). The mediation 

effects can still be tested even if the equilibrium assumption is violated, but the mediated 

effect may be confounded. Then, the mean-level stability in the latent variables (i.e., if 

latent factor means are equal over time) is tested by comparing the model with freely 

estimated factor means and the one with factor means constrained to be equal over time 

(Steps 5a and 5b). This test is also non-essential to test mediation but if the model secures 

the mean-level stability, there is stronger support for mediated effects.    
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The next step is to test the possibility of added components. It evaluates if there 

are any omitted variables by creating a saturated model and comparing it to a reduced 

model without covariances of the disturbances (Steps 6a and 6b). If the disturbances do 

not covary, it can be assumed that all relevant variables are included in the model, which 

is highly unlikely in social science. If the disturbances covary, the mediation can be 

tested but I cannot rule out the potential effects of omitted variables. Next, potential 

relations other than the hypothesized paths were tested by comparing a reduced model 

with hypothesized paths only to a saturated model, which includes other significant paths 

(Step 7). The final mediation model is evaluated by being compared to the saturated 

model to test whether the indirect effect remains when other significant paths are 

included (Step 8). When comparing models with structural parts added, the criterion for 

determining too much loss in fit is a p-value for a chi-square difference less than .001 or a 

CFI change greater than .002 (Little, 2013) but the current study used a CFI change only 

due to a large sample size.  

The mediated effect was calculated by multiplying two coefficients, a (for the 

path from the predictor to the mediator) and b (for the path from the mediator to the 

outcome). The significance of the mediated effects was determined using the Rmediation 

package by Tofighi and Mackinnon (2011), which provides the confidence intervals 

using a product of coefficients method by MacKinnon et al. (2002) to address the 

nonnormal distribution of the product of coefficients. If the 95% CI does not include 

zero, the mediated effect can be considered significant.  
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CHAPTER 3 

RESULTS 

Attrition 

Among a total of 2,150 from the initial sample, the number of participants who 

had data for at least one study variable (i.e., ST duration, educational ST, recreational ST, 

EF difficulties, and school adjustment) in both G3 and G4 were 1,391 (64.7%). The 

number of participants who had data in G3 but not in G4 was 93 (4.3%). The number of 

participants who had data in G4 but not in G3 was 45 (2.1%). The number of participants 

who had no data at both time points was 621 (28.9%); these cases were not included in 

the analysis.  

 Several analyses were conducted to assess if the attrition status of G3 or G4 

compared to the initial sample was related to sociodemographic variables (i.e., child sex, 

SES, number of siblings, and residential areas in the initial year; Table 3). First, a dummy 

variable was created with 1 indicative of having data for at least one study variable in G3 

and 0 indicative of having no data in G3. Chi-square tests were performed on categorical 

variables and t-tests were conducted on continuous variables. The results of chi-square 

tests presented that the attrition status was not related to children’s sex (χ2(1) = .076, p 

= .783) and residential areas (i.e., large, medium, or small city) (χ2(2) = 2.839, p = .242). 

According to the independent t-test, the attrition status was not related to the number of 

siblings (t(2070) = -1.511, p = .131), and SES (t(1067.758) = .890, p = .374). When 

examining differences in sociodemographic characteristics by attrition status in G4, 

similar results were found. The attrition status was not associated with children’s sex 
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(χ2(1) = .045, p = .832), residential areas (χ2(2) = 1.426, p = .490), the number of siblings 

(t(2070) = -1.160, p = .246), and SES (t(1194.925) = .877, p = .381).  

The same steps were followed to test if any sociodemographic variables were 

related to the attrition status of G4 compared to G3 (i.e., having data on at least one study 

variable in G3 but not in G4 vs. having data in both G3 and G4; Table 4). The attrition 

status was not related to children’s sex (χ2(1) = .112, p = .738), residential areas (χ2(2) = 

1.169, p = .557), the number of siblings (t(1482) = .233, p = .816), and SES (t(1481) = 

-.283, p = .777) according to the results of chi-square tests and t-tests. Additional 

independent t-tests were conducted to examine if the attrition status of G4 compared to 

G3 was related to any of the study variables in G3 (i.e., ST duration, educational ST, 

recreational ST, EF difficulties subscales, and school adjustment subscales). The results 

demonstrated that the attrition status was not related to the study variables (t(631-1482) = 

-1.426 – .685, p = .154 – .946) except for the emotional control subscale in EF difficulties 

(t(1390) = 2.109, p < .05).  

Descriptive Statistics  

 Descriptive statistics are presented in Table 5. According to the values of 

skewness (-1.44 – 1.79) and kurtosis (-.57 – 3.49), there were no variables with serious 

concerns of non-normality because the values of all variables were within the acceptable 

range (skewness between -2 and 2, Kurtosis between -7 and 7; West et al., 1995). 

Children spent approximately 1.19 hours (SD = .83) and 1.51 hours (SD = .97) of ST per 

day in G3 and G4, respectively. The difference in ST duration and educational and 

recreational ST between G3 and G4 was significant (duration: t(1365) = -12.504, p 
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< .001; educational ST: t(1244) = -5.528, p < .001; recreational ST: t(1245) = -10.593, p 

< .001). Thus, children spent significantly more hours in ST and engaged more frequently 

in both educational and recreational ST in G4 than they did in G3. The levels of all the 

EF difficulties subscales were lower in G4 compared to G3 (ts(1288 or 1290) = 3.665 – 

6.558, p < .001). However, all levels of reported school adjustment were not significantly 

different between G3 and G4 (ts(363) = -1.583 – -.457, ps = .114 – .648).  

Zero-Order Correlations 

Correlations Between Covariates and Study Variables 

First, correlations between covariates and study variables were examined (Table 

6). Boys were less likely to engage in educational ST (r(1357) = -.056, p < .05) in G3 and 

tended to have more EF difficulties across all four subscales (G3: rs(1390 or 1392) 

= .076 – .279; G4: rs(1358) = .076 – .246, ps < .01 or 001) and poorer adjustment to 

school in every aspect (G3: rs(631) = -.286 – -.098; G4: rs(691) = -281 – -.105, ps < .01 

or .001) in both G3 and G4 compared to girls (i.e., Children’s sex was coded 0 = female, 

1 = male).  

Children’s age was related to only two study variables (G3 recreational ST: 

r(1335) = .058, p < .05; G4 Academic Behaviors: r(683) = -.078, p < .05) and therefore 

was not included in further analyses as a covariate.  

The number of siblings was significantly correlated with some ST variables (G3 

ST duration: r(1482) = .053, p < .05; G3 educational ST: r(1357) = -.111, p < .001; G3 

recreational ST: r(1358) = .058, p < .05; G4 recreational ST: r(1341) = .082, p < .01). 

Thus, children with more siblings tended to have more ST overall and more frequent 
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engagement in recreational ST while engaging less in educational ST compared to 

children with fewer siblings.  

SES was significantly related to most of the variables. For instance, children from 

higher SES families had lower hours in ST (G3: r(1481) = -.227, G4: r(1363) = -.193, ps 

< .001) and less frequent recreational ST consumption (G3: r(1357) = -.165, G4: r(1340) 

= -.186, ps <.001) than those from lower SES families. In addition, children with higher 

SES tended to have fewer EF difficulties (G3: rs(1389 or 1391) = -.072 – -.059; G4: 

rs(1357) = -.076 – -.054, ps < .05 or .01) and better adjustment to school (G3: rs(631) 

= .088 – .117; G4: rs(691) = .077 – .104, ps < .05 or .01) with a few exceptions (no 

significant correlations with Attention and Teacher Relationships). Children from higher 

SES families were also likely to engage in more extracurricular activities (G3: r(1481) 

= .181, G4: r(1387) = .216, ps < .001).  

Children who spent more hours in extracurricular activities tended to engage in 

fewer hours in ST (rs(1364 – 1384) = -.233 – -.181, ps < .001), less recreational ST 

(rs(1271 – 1392) = -.275 – -.218, ps < .001), and more educational ST (rs(1270 – 1385) 

= .103 – .182, ps <.001) than those with fewer hours in extracurricular activities. 

Moreover, children with more extracurricular activities tended to have fewer EF 

difficulties (rs(1309 – 1397) = -.178 – -.073, ps < .01 or .001) and better adjustment to 

school (rs(610 – 707) = .085 – .169, ps <.05, .01, or .001).  

Correlations Within Study Variables  

The rank-order stability of the variables over time and correlations between ST 

variables and between the subscales (i.e., EF difficulties and school adjustment) were 
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examined (Tables 7 and 8). For all the variables, children with higher levels in G3 tended 

to have higher levels in G4 as well because all the correlations between G3 and G4 were 

significantly positive (rs(362 – 1364) = .259 – .727, ps < .001). ST duration and 

recreational ST were related to each other concurrently and longitudinally (rs(1250 – 

1359) = .306 – .431, ps < .001), but educational ST was related to the other two ST 

variables (i.e., ST duration and recreational ST) only concurrently (rs(1357 – 1382) =.083 

– .131, ps < .01 or .001). In general, children with higher consumption of overall ST 

tended to engage in recreational ST and educational ST more frequently than children 

with a lower ST duration. Children with more frequent consumption of educational ST 

were likely to engage in recreational ST more frequently. EF difficulties subscales were 

correlated with each other concurrently and longitudinally (rs(1287 – 1399) =.287 – .683, 

ps < .001). School adjustment subscales were significantly related to each other 

concurrently and longitudinally (rs(362 – 707) =.108 – .766, ps < .05, .01, or .001) except 

for one marginally significant relation (G3 Classroom Behavior and G4 Teacher 

Relationships: r(362) = .096, p = .066). Thus, children with higher scores in one subscale 

tended to have higher scores in the other subscales in both EF difficulties and school 

adjustment.  

Concurrent Correlations Between Study Variables  

 Concurrent correlations between study variables relevant to hypothesized 

relations were explored (Table 7). In G3, ST duration was significantly related to some of 

the EF difficulties (Plan/Organize: r(1392) = .067, p < .05; Behavioral Control: r(1392) 

= .069, p < .05) and school adjustment subscales (Classroom Behaviors: r(631) = -.109, p 
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< .01; Academic Behaviors: r(631) = -.108, p < .01). Thus, children who spent more time 

engaging in ST were likely to have more difficulties in planning and behavioral control 

and lower levels of behavioral adjustment in school. Educational ST was associated with 

all of the EF difficulties subscales (rs(1272 or 1274) = -.141 – -.059, ps < .05 or .001) and 

one school adjustment subscale (Academic Behaviors: r(581) = .093, p < .05). More 

frequent engagement in educational ST was related to fewer difficulties in EF in general 

and better behaviors regarding academic performance. On the other hand, recreational ST 

had no significant correlations with the EF difficulties or school adjustment subscales 

except for the Plan/Organize subscale (r(1275) = .097, p < .001). EF difficulties subscales 

were significantly correlated with most of the school adjustment subscales except for the 

Teacher Relationships subscale (rs(598) = -.344 – -.095, p < .05, .01, or .001), indicating 

children with more EF difficulties were more likely to poorly adjust to school.  

 In G4, slightly different patterns were observed. ST duration had significant 

correlations with all of the EF difficulties subscales (rs(1373) = .055 – .141, ps < .05 

or .001) and only one school adjustment subscale (Classroom Behaviors: r(695) = -.081, 

p < .05). Thus, children with a longer ST duration tended to have more EF difficulties 

and poorer behaviors in classroom engagement. Similarly, recreational ST was correlated 

with all of the EF difficulties subscales (rs(1349) = .055 – .092, ps < .05, .01, or .001) but 

none of the school adjustment subscales, indicating more involvement in recreational ST 

was related to more EF difficulties. Conversely, educational ST was related to only one 

EF difficulties subscale (Plan/Organize: r(1350) = -.057, p < .05) and most of the school 

adjustment subscales except for the Teacher Relationships subscale (rs(686) = .080 
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– .107, ps < .05 or .01). Children who more frequently engaged in educational ST were 

likely to adjust better to school environments and have fewer difficulties in planning. 

Lastly, correlations between EF difficulties and school adjustment presented similar 

patterns to those in G3, suggesting more EF difficulties were related to poorer school 

adjustment (rs(695) = -.330 – .090, ps < .05, .01, or .001).  

Longitudinal Correlations Between Study Variables  

Longitudinal correlations between study variables relevant to the hypothesized 

paths were investigated (Table 8). First, correlations between ST variables in G3 and EF 

difficulties in G4 were explored. ST duration and recreational ST in G3 were positively 

related to the Plan/Organize subscale in EF difficulties (r(1358) = .072, p < .01; r(1241) 

= .061, p < .05, respectively), but not to the other three subscales, in G4. Thus, more 

engagement in the overall duration of ST and recreational ST were related to more 

difficulties in planning one year later. Educational ST in G3 was negatively related to all 

of the EF difficulties subscales in G4 (rs(1240) = -.161 – -.076, ps < .01 or .001), which 

indicates children with more frequent engagement in educational ST had fewer EF 

difficulties one year later.  

Second, ST variables in G3 had a few significant correlations with school 

adjustment subscales in G4. For instance, ST duration in G3 was negatively related to 

Classroom Behaviors in G4 (r(691) = -.083, p < .05). Recreational ST was negatively 

related to Academic Behaviors (r(629) = -.079, p < .05) whereas educational ST was 

positively associated with it (r(629) = .098, p < .05). Thus, more engagement in the 

overall ST duration and recreational ST in G3 was related to poorer classroom behaviors 
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or academic behaviors in G4. On the other hand, more engagement in educational ST was 

related to better academic behaviors. Only one significant correlation was found between 

ST variables and Peer Relationships. Educational ST in G3 and Peer Relationships in G4 

were significantly correlated (r(629) = .081, p < .05), indicating higher levels of 

educational ST engagement were related to better relationships with peers one year later. 

There were no significant correlations between any of the ST variables in G3 and Teacher 

Relationships in G4.  

Lastly, EF difficulties subscales in G3 were generally related to school adjustment 

subscales in G4 except one (Teacher Relationships) in a negative direction (r(654 or 655) 

= -.339 – -.102, ps < .01 or .001). Thus, children with more EF difficulties tended to have 

poorer classroom behaviors, academic behaviors, and peer relationships one year later. 

Preliminary Analyses  

 Cross-sectional CFAs were conducted to ensure that the factor structures of EF 

difficulties and school adjustment are the same across time points and to examine which 

indicator is the best anchor. The measurement models were tested for G3 and G4 

separately (Figure 2). The fit of the G4 model was good (CFI = .959; RMSEA = .077, 

90% CI [.066, .087]; SRMR = .048), but the model fit of G3 data seemed less acceptable 

(CFI = .937; RMSEA = .093, 90% CI [.083, .103]; SRMR = .053). Although the value of 

RMSEA was a bit higher than the criteria for an acceptable fit, the other two indices were 

acceptable. Thus, both G3 and G4 models were considered to have an acceptable fit. All 

the loadings had an acceptable magnitude (standardized estimates = .60 – .93; Comrey & 

Lee, 2013). The best anchors were Plan/Organize for EF difficulties and Peer 
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Relationships for school adjustment because they had the largest loading among 

constructs.  

 Second, a three-group CFA was performed in order to rule out any potential 

confounds by residential areas (i.e., large, medium, and small cities). Although 

differences by residential areas were not of theoretical interest to the current study, the 

infrastructure, local resources, or neighborhood may be different by the size of residential 

areas, which may contribute to the development of EF or school adjustment. A multilevel 

approach was not possible because the level-2 unit (i.e., residential areas) did not have 

sufficient numbers to be treated as a random effect (i.e., between 15 and 30). Instead, 

each area was treated as a separate group in a multi-group CFA to test whether the 

differences between areas were trivial enough to ignore (Little, 2013). A three-group 

CFA, however, did not run properly because the number of participants in the small-city 

group was too small (n = 47 – 82). Thus, the two-group CFA was performed after 

combining medium and small cities into one group (i.e., large-city group n = 586, 

medium-to-small-city group n = 886). 

Measurement and structural invariances across residential areas were evaluated 

using the steps and criteria described above in the Plan of Analysis section (Steps 1 to 5; 

Table 9). One difference is that a criterion for too much loss in measurement invariance 

testing here was the change of CFI ≤ .02 because in this case I evaluated the differences 

across time points and groups whereas the steps described above evaluated the 

differences across time points only. As a result, strong invariance was obtained, which 

demonstrates that the measurement of the latent variables of EF difficulties and school 
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adjustment did not differ by residential areas. Furthermore, homogeneity of variances and 

covariances as well as mean-level stability were achieved, which indicates that the 

variability and relations between the latent variables of EF difficulties and school 

adjustment were not different across residential areas. In sum, the differences in the 

measurement and structural parts by residential areas appeared to be small enough to 

ignore, and therefore residential areas were not included in further analysis.  

Invariance Testing 

  In measurement invariance testing, the strong invariance of the measurement was 

established. Thus, loadings and intercepts of the measured EF difficulties and school 

adjustment variables were considered to be equal over time. However, equilibrium and 

mean-level stability were not achieved as the CFI change was larger than .002 between a 

full model and a reduced model. Moreover, I was not able to rule out the possible effects 

of omitted variables because the CFI change from a saturated model, which includes all 

possible lags and covariances, to a reduced model without covariances among 

disturbances was larger than .002. After testing potential relations other than the 

hypothesized paths by comparing a reduced model with hypothesized paths only to a full 

model with other significant paths, five additional significant paths were added to the 

hypothesized model when creating the final model (G3 recreational ST → G4 ST 

duration, G3 ST duration and educational ST → G4 recreational ST, G3 EF difficulties 

and recreational ST → G4 extracurricular activities). The final model fit the data well 

(CFI = .958; RMSEA .038, 90% CI [.035, .041]). The steps and results of testing 
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measurement and structure invariance and creating the final model were summarized in 

Table 10.  

Half-Longitudinal Mediation Model  

The results of the final model are displayed in Figure 3. The estimates reported in 

the descriptions below are standardized estimates where applicable (In Mplus, STDY 

Standardization Results for estimates related to the sex variable and STDYX 

Standardization Results for everything else).  

First, the autoregressive paths from G3 to G4 were significant for all time-variant 

variables, which include ST duration, educational ST, recreational ST, EF difficulties, 

school adjustment, and extracurricular activities (.249 – .767, ps < .001). Thus, the rank-

order stability within each variable was obtained (e.g., Children spending more hours in 

ST than others in G3 were more likely to engage in ST for longer hours in G4 than others 

in G4 as well). 

Second, covariances among disturbances were examined. In both G3 and G4, 

covariances among disturbances of ST duration, educational ST, and recreational ST 

were all significant (.116 – .423, ps < .001). Therefore, children with higher levels of ST 

duration tended to have more frequent engagement in educational and recreational ST.  

The levels of engagement in educational and recreational ST were significantly correlated 

with each other. The disturbance of EF difficulties significantly covaried with the 

disturbances of educational ST (-.139, p < .001) and recreational ST (.081, p < .01) in G3, 

indicating children with more EF difficulties tended to have less engagement in 

educational ST and more engagement in recreational ST. In G4, the disturbances of EF 
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difficulties covaried with the disturbances of ST duration (.129, p < <.001) and 

recreational ST (.116, p < .001), which means children with more EF difficulties were 

likely to experience longer ST duration and more recreational ST. Finally, the 

disturbances of school adjustment covaried with the disturbances of ST duration (-.088, p 

< .05), educational ST (.083, p < .05), and EF difficulties (-.266, p < .001) in G3 and 

recreational ST in G4 (.097, p < .05). Therefore, children with better school adjustment 

tended to exhibit lower levels of ST duration and EF difficulties while having higher 

levels of educational and recreational ST.    

Aim 1. Longitudinal Relations of Screen Time with Executive Function Difficulties  

Among the cross-lagged paths from early ST variables (i.e., ST duration, 

educational ST, and recreational ST) to later EF difficulties, only the path from early 

educational ST to later EF difficulties was significant. Controlling for ST duration, 

recreational ST, EF difficulties, and covariates in G3, educational ST in G3 negatively 

predicted EF difficulties in G4 (-.074, p < .001). Thus, children with more frequent 

engagement in educational ST in G3 were likely to have fewer EF difficulties one year 

later. On the other hand, ST duration and recreational ST were not uniquely related to 

later EF difficulties.  

Aim 2. Longitudinal Relations of Screen Time with School Adjustment 

None of the ST variables in G3 was significantly associated with school 

adjustment one year later. Thus, there was no direct effect of the duration or content of 

ST on school adjustment.  
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Aim 3. Mediated Relations Between Screen Time and School Adjustment Through 

Executive Function Difficulties  

First, the path from EF difficulties in G3 to school adjustment in G4 was 

estimated. EF difficulties in G3 negatively predicted subsequent school adjustment 

holding constant the effects of early school adjustment, ST variables, and covariates 

(-.164, p < .001). Therefore, children with more EF difficulties in G3 were more likely to 

show poorer school adjustment one year later.  

A mediated relation from early educational ST to later school adjustment through 

EF difficulties was tested using the estimates of the path from educational ST in G3 to EF 

difficulties in G4 (a path: -.074, SE = .020) and the path from EF difficulties in G3 to 

school adjustment in G4 (b path: -.164, SE = .046). The mediated estimate was .012 and 

the confidence interval did not include zero (SE = .005, 95% CI [.004, .023]). Thus, EF 

difficulties significantly mediated the relation between early educational ST and later 

school adjustment. More frequent engagement in educational ST was related to fewer 

difficulties in EF one year later, which in turn could lead to better adjustment to school. 

The effect size regarding the proportion mediated was calculated by dividing the 

mediated estimate by the total effect, which is the sum of the mediated estimate and the 

direct effect from the predictor to the outcome (MacKinnon, 2012). The mediated effect 

explained 21.05% of the total effect of educational ST on school adjustment.  

The mediated effects from early ST duration or recreational ST to school 

adjustment through EF difficulties were not significant because the cross-lagged path 

from early ST duration or recreational ST to later EF difficulties was not significant.  
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The model explained a significant proportion of variance in ST duration (G3: R2 

= .055, G4: R2 = .218, ps < .001), educational ST (G3: R2 = .016, p < .05, G4: R2 = .095, 

p < .001), recreational ST (G3: R2 = .038, G4: R2 = .305, ps < .001), EF difficulties (G3: 

R2 = .079, G4: R2 = .622, ps < .001) and school adjustment (G3: R2 = .075, G4: R2 

= .154, ps < .001) at both time points except for educational ST in G3 (R2 = .004, p 

= .229). 

Paths from Covariates 

Children’s sex, the number of siblings, and SES in G3 were included as time-

invariant covariates, and hours in extracurricular learning-related activities in both G3 

and G4 were added as time-variant covariates (Table 11). 

 Children’s Sex. Children’s sex was significantly related to ST duration (.050, p 

< .05), educational ST (-.060, p < .05), and recreational ST (-.057, p < .05) in G3, EF 

difficulties in G3 (.267, p < .001), school adjustment in both G3 (-.238, p < .001) and G4 

(-.102, p < .01), and extracurricular learning-related activities in G3 (-.068, p < .05). Boys 

had a higher number of overall ST hours, engaged less in both educational and 

recreational ST, had more EF difficulties, presented poorer school adjustment, and 

participated less in extracurricular activities compared to girls.  

 Number of Siblings. The number of siblings was significantly associated with 

educational ST (-.108, p < .001) and extracurricular activities (-.138, p < .001) in G3. 

Thus, children with more siblings tended to engage in educational ST and extracurricular 

learning-related activities less frequently than those with fewer numbers of siblings. 
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SES. SES was significantly related to the duration of ST (G3: -.224, p < .001; G4: 

-.082, p < .01), recreational ST (G3: -.176, p < .001; G4: -.065, p < .01), and 

extracurricular activities (G3: .171, G4: .105, ps < .001) at both time points and EF 

difficulties (-.080, p < .01) and school adjustment (.130, p < .01) in G3 only. Children 

from higher SES families spent fewer hours in total ST and recreational ST and spent 

more time in extracurricular activities than children from lower SES families. They also 

had fewer EF difficulties and better adjustment to school than children from lower SES 

families. 

Extracurricular Learning-Related Activities. The covariances of the 

disturbances of extracurricular activities with those of ST duration (G3: -.137, G4: -.103, 

ps < .001), educational ST (G3: .164, G4: .108, ps < .001), recreational ST (G3: -.222, 

G4: -.129, ps < .001), EF difficulties (G3: -.150, p < .001; G4: -.095, p < .01), and school 

adjustment (G3: .142, p < .01) were significant at both time points except for the relation 

with school adjustment in G4 (.062, p = .131). Thus, children who engaged in more hours 

of extracurricular learning-related activities spent fewer hours in total ST, engaged less in 

recreational ST, and engaged more in educational ST than those with fewer hours of 

extracurricular learning-related activities. Additionally, they had fewer difficulties in EF 

and better adjustment to school. Some significant longitudinal relations were also found 

between extracurricular activities in G3 and the duration of ST (-.080, p < .01) and 

recreational ST (-.055, p < .05) in G4. Children who spent more hours in extracurricular 

activities in G3 were less likely to engage in ST in general and ST with recreational 

content one year later. Recreational ST (-.94, p < .001) and EF difficulties (-.053, p < .05) 
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in G3 were significantly related to extracurricular activities in G4, indicating children 

with more frequent engagement in recreational ST and higher levels of EF difficulties 

tended to spend fewer hours in extracurricular activities one year later. There were no 

other significant longitudinal relations.  

Models with Observed Variables of School Adjustment  

Due to some heterogenous correlations between EF or ST variables and school 

adjustment subscales, four additional mediation analyses were conducted for each school 

adjustment subscale as an outcome for exploratory purposes (Tables 12 to 15). I followed 

the same steps described above with the same covariates included. Each school 

adjustment subscale was included as an observed variable.  

The first analysis included Classroom Behaviors as an outcome variable (Figure 

4). The final model fit the data well (CFI = .983; RMSEA .031, 90% CI [.027, .036]; 

Table 12). The results were similar to those from the model with the latent variable of 

school adjustment. Among a paths, which are the paths from G3 ST predictors (i.e., ST 

duration, educational ST, and recreational ST) to G4 EF difficulties, only the path from 

educational ST to EF difficulties was significant, controlling for the covariates, ST 

duration, recreational ST, and the previous level of EF difficulties (-.072, SE = .020). 

Thus, more frequent engagement in educational ST was related to fewer EF difficulties 

one year later. The b path from EF difficulties in G3 to Classroom Behaviors in G4 was 

significant such that more EF difficulties were related to subsequent poorer classroom 

behaviors (-.212, SE = .042). The mediated effect from educational ST to EF difficulties 

to Classroom Behaviors was significant (.015, SE = .005, 95% CI [.006, .027]). The 
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mediated effect explained 75% of the total effect of educational ST on Classroom 

Behaviors. The other two ST variables (i.e., ST duration and recreational ST) in G3 were 

not significantly related to EF difficulties in G4. Therefore, the mediated effects for these 

two variables were not significant.  

The second and third models included Academic Behaviors and Peer 

Relationships as an outcome respectively, and yielded similar results (Figures 5 and 6). 

The final models fit the data well (Academic Behaviors: CFI = .984; RMSEA .030, 90% 

CI [.025, .034], Table 13; Peer Relationships: CFI = .981; RMSEA .030, 90% CI 

[.026, .035], Table 14) and only educational ST in G3 was related to EF difficulties in 

G4. Educational ST had a significant mediated effect on Academic Behaviors and Peer 

Relationships through EF difficulties (Academic Behaviors: .009, SE = .004, 95% CI 

[.002, .018]; Peer Relationships: .010, SE = .004, 95% CI [.003, .019]). The mediated 

effect explained 16.67% of the total effect of educational ST on Academic Behaviors and 

22.73% of the total effect of educational ST on Peer Relationships.  

The fourth analysis included Teacher Relationships as an outcome variable. The 

model fit was good (CFI = .984; RMSEA .029, 90% CI [.024, .034], Table 15). The 

mediated effect was not significant (.002, SE = .003, 90% CI [-.004, .009]) because the b 

path from EF difficulties in G3 to Teacher Relationships in G4 was not significant (-.031, 

SE = .043, p = .480; Figure 7). The mediated relations from all models are summarized in 

Table 16. 

 The models with observed constructs of each school adjustment subscale 

demonstrated similar patterns in terms of the relations between covariates and study 
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variables as in the model with a latent variable of school adjustment (Tables 17 – 20). 

However, a few exceptions were found. For instance, children’s sex was related to 

Academic Behaviors only in G3 (-.147, p < .001; G4: -.047, p = .220), and SES was not 

related to Teacher Relationships at both time points. Finally, the disturbance of 

extracurricular learning-related activities covaried with the disturbances of Classroom 

Behaviors (.103, p < .01) and Academic Behaviors (.078, p < .05) in G4.  

These four models also explained a significant proportion of variance in ST 

duration (G3: R2 = .055, G4: R2 = .218, ps < .001), educational ST (G3: R2 = .016, p 

< .05, G4: R2 = .094 – .098, p < .001), recreational ST (G3: R2 = .037 or .038, G4: R2 

= .302 – .305, ps < .001), EF difficulties (G3: R2 = .077 or .078, G4: R2 = .622 – .625, ps 

< .001) and school adjustment subscales (G3: R2 = .041 – .103, G4: R2 = .089 – .238, ps 

< .01 or .001). The proportion of variance explained for Teacher Relationships in G3 was 

not significant (R2 = .017, p = .101). 
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CHAPTER 4 

DISCUSSION 

Researchers, parents, educators, and policymakers have increasingly directed their 

attention toward the role of ST in child development given its pervasive presence in 

children’s everyday lives. Although much of the existing literature has predominantly 

focused on the potential risks associated with excessive ST, it is essential to recognize 

that ST can function in a variety of ways depending on other factors such as content 

(Kostyrka-Allchorne et al., 2017). In light of this, the current study explored the 

longitudinal mediated relations of early ST including its duration and content with later 

school adjustment through EF difficulties in school-aged children by employing 

longitudinal data derived from the Panel Study on Korean Children.  

The first aim of the current study was to scrutinize if and how ST duration and 

content are related to EF difficulties. It was hypothesized that more hours in overall ST 

duration and increased involvement in recreational ST would be related to more EF 

difficulties. On the other hand, more frequent engagement in educational ST was 

hypothesized to be associated with fewer EF difficulties. The second aim was to 

investigate the associations of ST duration and content with school adjustment. More 

hours in overall ST duration and increased involvement in recreational ST were expected 

to be related to poorer school adjustment. On the contrary, increased involvement in 

educational ST would be linked to better school adjustment. The third aim was to explore 

whether EF difficulties mediate the association between early ST and later school 

adjustment. The hypothesis posited that the heightened overall ST duration and 
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involvement in recreational ST would be related to more difficulties in EF, which in turn 

would be associated with poorer school adjustment. In contrast, higher levels of 

educational ST were expected to be linked to fewer difficulties in EF, contributing to 

better school adjustment.   

I summarized and discussed the following results below: (a) the relations of ST 

duration and content with EF difficulties, (b) the relations of ST duration and content 

with school adjustment, (c) the mediated relations of ST duration and content with school 

adjustment through EF difficulties, and (d) the relations between covariates and study 

variables.  

Relations Between Screen Time and Executive Function Difficulties  

The hypotheses concerning the associations between ST variables (i.e., duration 

and content) and EF difficulties were partly supported. First, the overall duration of ST 

was not significantly related to EF difficulties. This result is inconsistent with previous 

findings indicating a link between extended ST duration and more EF difficulties, or 

conversely, shorter ST duration associated with better EF performances (Kostyrka-

Allchorne et al., 2017; Li et al., 2021; McHarg et al., 2020). However, previous findings 

should be interpreted with caution because many studies focused on younger children. 

Some researchers have posited that the relation between increased ST duration and poorer 

EF in young children may be attributed to their limited symbolic awareness (Anderson & 

Pempek, 2005). Due to a lack of cognitive skills, they may not be able to acquire a 

comprehensive understanding of the two-dimensional nature of screen content but 

reactively attend to it, which can prevent them from effectively processing information 
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on screen. Some have even argued that learning from media may not be effective in early 

childhood for these reasons even if the content is educational (Radesky & Christakis, 

2016). With age, however, children become more deliberate in how they process 

information instead of impulsively responding to ST without goal-directed thought as 

they acquire advanced cognitive capacities and accumulate experiences with various 

forms of ST (Kirkorian et al., 2012). Therefore, excessive ST may be less likely to be 

negatively related to EF development in middle childhood compared to early childhood.  

Alternatively, inconsistent findings may underscore the role of diverse ST content 

as demonstrated in Yang et al. (2017). Given that different types of ST content may 

contribute differently to EF development, aggregating hours across different ST activities 

may inadequately capture each activity’s unique role, resulting in non-significant 

associations between ST duration and EF. Supporting this explanation, the current 

findings demonstrated that recreational ST and educational ST had different relations 

with EF difficulties. Specifically, recreational ST had no significant relation with EF 

difficulties, contrary to the hypothesis, whereas educational ST had a significant negative 

association with EF difficulties, supporting the hypothesis.  

Some previous studies including both recreational and educational ST have shown 

that recreational ST was related to poorer EF performance (Huber et al., 2018; Lillard & 

Peterson, 2011) with a few exceptions demonstrating non-significant relations 

(Nathanson et al., 2014). The inconsistent outcome of the current study may be related to 

the broader definitions of recreational ST. Whereas previous studies focused solely on 

recreational video viewing (e.g., cartoons, entertainment shows), the current study 
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encompassed gaming, entertainment (e.g., video viewing and listening to music), and 

social networking within the recreational ST category. Although these activities loaded 

onto a single factor in exploratory factor analysis, each may have distinct relations with 

EF difficulties. For example, studies have posited that interactive or cognitively 

demanding games require skills that can enhance cognitive abilities including EF (e.g., 

attention switching, object tracking, perspective taking, and memorizing rules) (Chaarani 

et al., 2022; Gashaj et al., 2021; Yang et al., 2020). However, the current study did not 

differentiate gaming types due to the lack of relevant data. Like many ST activities, 

gaming is not a single concept but includes multiple types or forms, which can have 

different associations with cognitive competence including EF (Bavelier et al., 2011). 

Thus, future investigations are needed to understand the link between different types of 

recreational ST and EF considering other factors such as interactivity or cognitive 

demands.  

In addition, developmental changes might also explain the non-significant relation 

between recreational ST and EF difficulties. Older children may possess enhanced 

analytical skills which may enable them to assess ST content more comprehensively even 

if it is recreational and refrain from any risks associated with recreational ST. For 

instance, Zimmerman and Christakis (2007) raised possible age differences in the 

association between early entertainment TV viewing and later attentional problems. 

According to this study, viewing entertainment TV programs before age 3 was 

significantly associated with attentional problems 5 years later but viewing any type of 

content at ages 4 and 5 was not related to later attentional problems. Although this 
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research included children younger than the current participants, it suggests potential age-

related variations in the link between ST and EF difficulties. Thus, the recreational 

content of ST may become less influential as children age because they become 

behaviorally and cognitively more mature, which enables them to more selectively 

interact with environmental factors.  

On the other hand, more frequent engagement in educational ST exhibited 

significant associations with fewer EF difficulties, aligning with previous findings (Huber 

et al., 2018; Linebarger et al., 2014; Nathanson et al., 2014). Past studies proposed some 

possible explanations for the positive role of educational ST. Educational videos, 

characterized by slower pacing, provide children with additional time for deliberate and 

active information processing, which may support EF development (Lillard & Peterson, 

2011). In addition, reduced fantastical content in educational videos contributes to more 

effective cognitive processing because children may find it challenging to digest and 

interpret fantastical content which includes physically impossible situations (Lillard et al., 

2015).  

Although useful, these explanations may not entirely align with the current 

findings, as educational ST in the current study included a broader spectrum beyond 

educational videos, including information-seeking and learning activities. For instance, 

educational ST in the current study involved activities such as searching for information 

on websites, watching educational programs, or participating in online courses, which 

demand intentional engagement and active attention. Therefore, the positive role of 

educational ST observed in the current study may be attributed to the deliberate and 
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intentional nature of children's involvement in educational ST. When children engage in 

ST, they make judgments about the mental effort required to assess and interpret on-

screen information and increased mental effort is likely to enhance information 

processing (Salomon, 1983). Compared to recreational ST, educational ST in the current 

study is more likely to necessitate goal-directed attention and intentional behaviors, 

engaging children in using more mental efforts, actively reprocessing information, and 

coordinating various prefrontal cortex regions. These processes contribute to the active 

utilization of different EF skills, fostering positive EF development (Zelazo, 2020). Thus, 

educational ST may help children practice the skills needed for better EF, resulting in a 

decrease in EF difficulties.  

Relations Between Screen Time and School Adjustment 

Inconsistent with previous research, neither the duration nor content of ST 

showed significant relations with school adjustment in the current study. Extensive 

research has consistently reported negative associations between ST duration and 

adaptive school adjustment indicators, including classroom engagement, learning-related 

activities, peer relationships, and social skills (e.g., Jeong et al., 2020; Pagani et al., 2010, 

2013; Rocha et al., 2021; Sanders et al., 2019; Shiue, 2015; Yang et al., 2017) and 

positive relations between ST duration and problem behaviors such as inattention, 

hyperactivity, impulsivity, aggression, and peer problems (e.g., Gentile et al., 2012; 

McArthur et al., 2022; Özmert et al., 2002; Sharif et al., 2010; Shiue, 2015; Pagani et al., 

2010; Tamana et al., 2019). However, some mixed findings, as observed in the current 

study, also exist (Byun & Kim, 2007; Hu et al., 2020; Tansriratanawong et al., 2017). In 
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these studies, no significant relations were found between the duration of ST and school 

adjustment, problem behaviors, or social skills. 

The absence of a significant relation between ST duration and school adjustment 

in the current study may suggest potential cultural differences between Eastern and 

Western countries. Notably, research with non-significant findings listed above was all 

conducted in Eastern countries such as South Korea, China, and Thailand. It is often 

observed that Asian parents are characterized by a tendency to exert greater control over 

their children, and Asian children are generally perceived as more compliant and 

obedient to established rules (Chen et al., 2003; Huang & Lamb, 2014). Thus, it is 

plausible that Asian parents have more strict ST rules and Asian children tend to better 

adhere to them although it is crucial to recognize that the dynamics can be more complex 

depending on other individual and contextual factors.  

Cross-national research comparing ST consumption in children from different 

countries is limited, but a study exploring racial and ethnic differences in adhering to 

specific healthy lifestyle recommendations (e.g., fruit and vegetable consumption, ST, 

physical activities, sugar-sweetened beverages consumption; Rogers et al., 2013) may 

support this explanation (Haughton et al., 2016). The study found variations among 

children and adolescents ages 6 to 11 years old in the U.S. by race or ethnicity. For 

example, non-Hispanic Asian youth were more likely to meet ST recommendations (i.e., 

less than 2 hours per day) compared to non-Hispanic white, non-Hispanic black, and 

Hispanic youth. The current findings might also be interpreted in light of the Goldilocks 

hypothesis, which states ST lower than a certain threshold may exhibit no or even 
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positive associations with adaptive developmental outcomes (Przybylski & Weinstein, 

2017). In this manner, ST consumption in South Korean children might not have 

exceeded this threshold, resulting in no significant relations between ST duration and 

school adjustment. Indeed, the daily average of ST in the current study (e.g., 1.19 or 1.51 

hours) was lower than the average hours of using computers and mobile devices among 

8- to 12-year-olds in the U.S. (e.g., 2 to 3 hours; Rideout et al., 2022) although a direct 

comparison is not possible due to differences in the measurement, age range, and context 

(e.g., pre- and post-pandemic).  

The hypothesis that different types of ST content would have distinct relations 

with school adjustment was not supported. A little research on the relations between ST 

and school adjustment has considered factors beyond duration even though different 

types of content can have different relations with children’s adjustment. However, some 

studies have demonstrated that more consumption of recreational or non-educational ST 

tended to be related to poorer behavioral and social adjustment albeit not specific to 

school settings (Conners-Burrow et al., 2011; Park et al., 2019; Sanders et al., 2019; 

Tomopoulos, Dreyer, et al., 2007). However, child behavioral and social adjustment may 

be different in school settings. Several studies raised the possibility of inconsistency in 

child behaviors across contexts because children can perceive and react differently to the 

same situations depending on their expectations of a given context (Sy et al., 2003; Tisak 

et al., 2007). Thus, in school settings, where rules are more explicit and relationships are 

more complex, children may demonstrate higher compliance and better social 

competence, potentially yielding less variable outcomes in school adjustment.  
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Although no significant longitudinal relations were found, the current results 

revealed some significant concurrent relations between ST variables and school 

adjustment even after controlling for the effects of covariates. For instance, ST duration 

and educational ST were significantly related to school adjustment in G3, and 

recreational ST had a significant concurrent relation with school adjustment in G4. These 

results suggest that ST and school adjustment may exhibit reciprocal relations 

concurrently, but there may be no enduring associations across time.  

Another possibility is that longitudinal relations can exist, but a more extended 

period between early ST exposure and later school adjustment may be necessary for 

significant results. In a longitudinal study that followed participants from first grade to 

fourth grade, for example, ST duration predicted school adjustment two years later but 

not one year later (Lee & Lee, 2022). It may indicate that some amount of time, which is 

probably longer than one year, is required for the relations between early ST and later 

school adjustment to be manifested. To further explore these explanations about 

significant concurrent relations without longitudinal relations or longitudinal relations 

with a more prolonged period, research with data from more than two time points is 

needed.  

The models with observed variables had similar patterns of non-significant 

relations between ST variables and school adjustment subscales, except for the Academic 

Behaviors subscale. In this specific model, the frequency of recreational ST was 

negatively related to children’s academic behaviors one year later. Thus, more frequent 

engagement in recreational ST in Grade 3 was associated with better behavioral 
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adjustment related to academic performance. This result aligns with previous findings 

regarding negative associations between recreational ST and academic achievement 

(Adelantado-Renau et al., 2019; Ishii et al., 2020). Previous research explained such 

relations with the time displacement hypothesis, a decrease in mental effort, or an 

increase in arousal (Shin, 2004). The latter two are unlikely in the current study due to 

non-significant relations between recreational ST and EF difficulties but the time 

displacement hypothesis may be likely because more engagement in recreational ST was 

significantly related to fewer hours in extracurricular learning-related activities. Thus, 

further research exploring the specific path is warranted.  

Mediated Relations Between Screen Time and School Adjustment Through 

Executive Function Difficulties  

The third hypothesis was partially supported, as significant mediation was 

observed only for the relation between educational ST and school adjustment via EF 

difficulties. Higher levels of engagement in educational ST were related to fewer 

difficulties in EF, which in turn was associated with better school adjustment. However, 

the mediated relations from the overall duration of ST and recreational ST were not 

significant, as the paths from the predictors (i.e., ST duration and recreational ST) to the 

mediator (i.e., EF difficulties) did not reach significance.   

The significant mediated relation provides initial support for the developmental 

cascades model (Masten & Cicchetti, 2010) and the iterative reprocessing model 

(Cunningham & Zelazo, 2007; Zelazo, 2015). According to the developmental cascades 

model, cascading effects can explain why adaptive or maladaptive skills in one area can 
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spill over into adaptive or maladaptive skills in another area. In this study, the cascading 

effects from environmental factors (i.e., educational ST) to cognitive competence (i.e., 

EF difficulties), which were spilled over into children’s behavioral and social functioning 

in the school context, were examined.  

The specific cascading paths from educational ST to EF difficulties to school 

adjustment can be supported by the hypothetical processes following the flow in the 

iterative reprocessing model (e.g., enhanced reflection through goal-directed problem-

solving encourages EF development, which contributes to adaptive learning and 

adjustment; Cunningham & Zelazo, 2007; Zelazo, 2015). Educational ST in the current 

study appears to require active attention and deliberative information processing, which 

can encourage reflection or an elaborative reprocessing of information in the prefrontal 

cortex, leading to reduced EF difficulties (Zelazo, 2020). Since EF assists children in 

controlling and managing attention and behaviors toward specific goals, which are 

essential skills for adaptive learning and adjustment, reduced EF difficulties subsequently 

foster adaptive behavioral and social functioning at school (Zelazo et al., 2016). Although 

no study has investigated brain activities by ST content, a study with 9– to 10-year-old 

children found that not all ST-related brain structures uniformly exhibit negative 

consequences on cognitive performance, highlighting the complexity of determining ST 

effects on brain activities (Paulus et al., 2019). Future studies on brain functions related 

to various ST activities are necessary for a comprehensive and systematic understanding 

of why educational ST is related to a decrease in EF difficulties.  
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Interestingly, the mediated relation between educational ST and school 

adjustment through EF difficulties was significant, even though the direct path from 

educational ST to school adjustment was not. According to the traditional Baron and 

Kenny (1986) approach to mediation, a significant effect of a predictor on an outcome is 

a primary requirement for mediation. However, it is not uncommon to have a significant 

mediated relation without a significant direct relation when the mediated effect and the 

total effect are similar (O’Rourke & MacKinnon, 2018). The statistical power to detect 

mediation is greater than the power to detect the total effect, particularly with large 

sample sizes and small effects for the a path (from a predictor to a mediator) and the b 

path (from a mediator to an outcome). Moreover, when the absolute value of the b path is 

larger than the a path, the statistical power to test mediation becomes even greater 

(Kenny & Judd, 2014; O’Rourke & MacKinnon, 2015). These conditions correspond to 

the current findings. To illustrate, the mediated effect (.012) and the total effect (.057) 

differed by only .045, making the direct effect nearly zero. Furthermore, both the a and b 

paths had small effects with a large sample size, and the b path (-.164) was greater than 

the a path (-.074).  

The models with observed variables of each subscale from the school adjustment 

measure demonstrated similar results except for the one with teacher relationships as an 

outcome. Thus, greater engagement in educational ST was related to fewer difficulties in 

EF, which in turn was linked to better adjustment in classroom behaviors, academic 

behaviors, and peer relationships. Unlike the other models, however, the model with 

teacher relationships did not exhibit a significant relation between EF difficulties and the 
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outcome. This result is inconsistent with previous findings regarding significant 

concurrent and longitudinal relations between EF or self-regulation and relationships with 

teachers (McKinnon et al., 2018; Portilla et al., 2014; Rudasill, 2011; Valiente et al., 

2012). The mixed findings may stem from different ways of measuring teacher-child 

relationships. In previous studies, teacher-child relationships were assessed by teacher-

child conflict and closeness, and EF or self-regulation was more closely related to 

conflict than closeness (Portilla et al., 2014; Rudasill, 2011). Conflict with teachers was 

reported to be more stable over time than closeness and more driven by children’s 

individual characteristics. On the other hand, closeness with teachers was more variable 

over time, suggesting it is more likely to be influenced by other factors (Jerome et al., 

2009). In the current study, children’s relationships with teachers were primarily 

evaluated based on their positive behaviors toward teachers (e.g., Ask teachers for help 

when needed). Thus, the teacher relationships subscale in the current study might have 

been influenced by factors other than children’s individual EF difficulties, such as teacher 

characteristics. Thus, future research with consideration of teacher characteristics would 

provide a more comprehensive understanding of the associations between EF and various 

school adjustment aspects.  

Relations with Covariates  

 The current study incorporated several time-variant and time-invariant covariates 

such as children’s sex, SES, number of siblings, and hours of extracurricular learning-

related activities. First, children’s sex was related to ST variables in Grade 3 but not in 

Grade 4. Specifically, boys tended to spend more time on overall ST compared to girls 
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but the frequency of the engagement in both educational and recreational ST was lower in 

boys than girls. Gender difference in ST duration is consistent with previous findings 

across multiple countries, which repeatedly demonstrated higher ST in boys than girls 

(Ishtiaq et al., 2021; LeBlanc et al., 2015). Interestingly, the results regarding the content 

of ST contradicted this pattern, as both educational and recreational ST were lower in 

boys. This discrepancy might stem from different parental perceptions of their children’s 

ST between genders. Whereas ST duration was measured in average daily hours, the 

assessment of each content relied on Likert scale ratings of children’s engagement, which 

is more susceptible to parental perceptions. Parents with male children may be more 

likely to believe that their children use ST less than their peers compared to parents with 

female children, influencing their subjective estimates of children’s levels of ST 

engagement.  

 Children’s biological sex was also significantly related to the levels of EF 

difficulties and school adjustment. Boys tended to exhibit more difficulties in EF and 

poorer school adjustment compared to girls. These results echo the findings from a 

systematic review of EF development in children and adolescents across countries, which 

found girls outperformed boys on both EF tasks and parent- or teacher-ratings of EF in 

most Western and East Asian countries (Schirmbeck et al., 2020). In addition, it is well-

documented that boys are more prone to display behavioral and social problems 

compared to girls (Chen, 2010; Hajovsky et al., 2022; Kristoffersen et al., 2015; Yang et 

al., 2008). These gender disparities may reflect genuine differences in EF difficulties and 

school adjustment between boys and girls, but they may mirror gender-differentiated 
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perceptions among parents and teachers, such as the perception that girls are more calm, 

compliant, and prosocial than boys (Bouchard et al., 2020).  

Second, the number of siblings was expected to be related to ST variables, but it 

was related to educational ST only. Children with siblings are likely to be exposed to 

more ST due to the sharing of ST experiences among siblings either directly or indirectly 

(Domoff et al., 2019). However, the current study focused on mobile devices and 

computers, which are less amenable to sharing among multiple individuals. Alternatively, 

the effects of a sibling’s ST may diminish as children age. Research on the resemblance 

of ST among peers or siblings during childhood and adolescence indicated that peer 

resemblance increased whereas sibling resemblance decreased with age (Bogl et al., 

2020). As the importance of peer interactions and the time spent with peers increase, 

children’s ST may become more closely tied to peers’ ST whereas the association with 

siblings’ ST may relatively weaken.  

Third, family SES was related to ST duration and recreational ST but not 

educational ST. Higher SES was related to lower levels of the overall ST duration and 

less engagement in recreational ST. These results are consistent with a recent report, 

which showed children from lower-income families tended to spend more time on mobile 

ST and engage in more recreational activities using mobile media devices such as 

watching videos and playing games (Rideout & Robb, 2020). Compared to children in 

higher SES families, those in lower SES families may lack opportunities for alternative 

activities, as reflected in the positive relations between SES and hours spent in 

extracurricular learning-related activities in the current findings. In addition, parents in 
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lower SES families might have less availability to control and manage their children’s ST 

due to work or other demands (Ribner et al., 2017). On the other hand, the frequency of 

educational ST was not related to SES. This observation may suggest parents’ 

perceptions toward utilization of educational ST do not differ across SES groups. It may 

imply that parents, irrespective of SES, believe in the role of ST as an educational 

resource. According to a recent report, 72% of parents of children aged between 0 to 8 

believed that ST is helpful for their children’s learning and 78% of parents answered that 

they let their children use ST for learning (Rideout & Robb, 2020).  

Lastly, hours in extracurricular learning-related activities demonstrated both 

concurrent and prospective relations with ST variables. Children who engaged in more 

hours of extracurricular learning-related activities tended to spend fewer hours on overall 

ST duration and engage less frequently in recreational ST. These findings supported the 

time displacement hypothesis (Neuman, 1988), suggesting that ST displaces time for 

learning activities. On the other hand, more hours in extracurricular activities were 

related to more frequent engagement in educational ST. This could imply that children 

interested in learning activities are more likely to engage in various types of learning, 

including those facilitated through media devices.  

Implications  

The implications drawn from the current study hold valuable insights for refining 

guidelines and interventions related to ST among school-aged children. Traditionally, 

adhering to a 2-hour limit per day was perceived as the norm for children’s ST guidelines 

(American Academy of Pediatrics, 2001). However, the practicality and efficacy of this 



 

  76 

2-hour restriction have been questioned among parents, children, educators, and 

researchers as ST constitutes a significant part of children’s daily activities since the 

emergence of mobile devices (e.g., Minges et al., 2015; Sanders et al., 2016). 

Acknowledging the inadequacy of strict time limits, contemporary guidelines now 

emphasize consistent rules and the cultivation of healthy ST habits without specific time 

limits (American Academy of Child and Adolescent Psychiatry, 2020; Council on 

Communication and Media et al., 2016). The current findings question the effectiveness 

of strict time limits by presenting the non-significant relations between ST duration and 

children’s cognitive, behavioral, and social functions. Instead, ST content should be 

considered when setting ST rules in the development of ST guidelines to encourage 

healthy habits.  

Although children are surrounded by various media devices, it does not guarantee 

critical utilization, highlighting the need to assist children in developing healthy ST 

habits. While numerous interventions have aimed to guide healthy ST use, the majority 

focused on reducing ST hours. The previous interventions included a variety of programs 

including parental education, family counseling, classroom curricula, community-based 

programs, and physical education classes (e.g., Maniccia et al., 2011; Jones et al., 2021; 

Wu et al., 2016). The randomized controlled trials of such interventions demonstrated 

significant results in reducing ST hours during and after interventions.  

However, some challenges have been proposed, particularly when dealing with 

older children or adolescents, such as non-significant intervention effects, a longer period 

needed for meaningful effects to be presented, or non-sustained effects after program 
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discontinuity (e.g., Andrade et al., 2015; Babic et al., 2016). It may imply the necessity 

for early interventions to maximize the effects of interventions. In addition, it can 

highlight the use of age-appropriate strategies tailored to developmental stages. For older 

children, restricting ST duration may be less effective due to increasing independence 

and autonomy. Indeed, parents of older children often find it difficult to monitor and 

supervise their children’s ST and are less likely to intervene (Sanders et al., 2016). 

Furthermore, ST engagement may not be as detrimental as parents are worried about, 

especially when directed toward educational purposes, as children become equipped with 

more mature self-regulation skills.  

Therefore, for older children, improving children’s internal motivation to control 

their own ST using specific rules and open conversations discussing the effects of 

different types of ST content on learning and adaptation may be an effective strategy 

rather than restricting their ST engagement. A qualitative meta-synthesis of ST barriers 

and facilitators among 11- to 18-year-olds revealed that explicit rules were perceived as 

facilitators to reduce ST, whereas harsh restrictions were considered barriers (Minges et 

al., 2015). Moreover, youth thought family ST rules were unfair when set without their 

participation in decision-making. School-aged children and adolescents can monitor and 

observe their own ST, perceive the danger of excessive ST, and have a desire to control 

their ST (Minges et al., 2015). Indeed, individuals are more likely to change their 

behaviors and maintain them when they perceive the behavior change strategies are self-

driven rather than imposed by others (Ryan & Deci, 2000). Thus, child-centered rules 

considering both benefits and risks and various ST aspects including not only its duration 
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but content could be developed at home to encourage children to regulate their ST 

independently.  

 More broadly, cultivating media literacy can be a promising alternative to rigid 

ST duration limits in order to encourage healthy ST habits and informed engagement 

with digital media in school-aged children. Defined as the ability to analyze and evaluate 

messages delivered through media, understand their influences, and take appropriate 

behaviors (Schmidt et al., 2008), media literacy is crucial for children to critically assess 

the effects of ST, make informed choices regarding their ST consumption, and eventually 

develop positive behaviors. Although children in contemporary society are often 

considered digital natives, educators perceive students’ limitations in media literacy 

abilities, emphasizing the need for deliberate cultivation of these skills (Schmidt, 2013). 

Evidence from a meta-analysis highlights the efficacy of media literacy programs as they 

had significant effects on various outcomes. These outcomes encompass not only media-

related aspects such as knowledge, criticism, and awareness of influences of media but 

also behavioral-related factors like attitudes toward risky or antisocial behaviors and self-

efficacy to avoid them (Jeong et al., 2012). Thus, fostering children’s media literacy can 

be helpful for overall adaptation as well as healthy ST use.  

Developing media literacy is especially important in this era where distinctions 

between media producers and consumers blur, which requires children to be equipped 

with skills and responsibilities for both roles (Hobbs & Jensen, 2009). Recognizing the 

diverse nature of ST, it is essential to acknowledge that a one-size-fits-all approach is 

untenable (Rasi et al., 2019). Therefore, future ST interventions should move beyond 
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strict duration limitations and prioritize media literacy, considering the multiple aspects 

of ST including both duration and content, the varied roles imposed on children, and the 

influence of different contextual and individual factors.  

Another important implication of the current findings is providing a foundational 

basis for EF interventions targeting better school adjustment. According to the 

developmental cascades model (Masten & Cicchetti, 2010), interventions that interrupt 

negative cascades or encourage positive cascades can be effective because they can cut 

the negative spillover from problems in one domain to other problems or increase the 

possibility of better performance in one domain from improvements in competence in 

other domains. Thus, interventions targeting the mediator can be efforts to focus on the 

cascades from the mediator to the outcome (Cicchetti & Hinshaw, 2002). That is, EF 

interventions can improve school adjustment by encouraging positive cascades from 

higher levels of EF and more adaptive school function and suppressing negative cascades 

from lower levels of EF and poorer school adjustment.   

 Interventions on EF have been repeatedly reported to be effective due to the 

malleability and plasticity of EF (Bernier et al., 2012; Zelazo et al., 2016). Preschool 

years and the transition to adolescence have been suggested as a target period of EF 

interventions because those are sensitive periods for EF development in terms of neural 

development and contextual changes (Zelazo & Carlson, 2012). Although these periods 

can be of particularly practical importance in intervention efforts, it does not necessarily 

mean that interventions during other developmental periods are not useful.  
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 Plenty of studies have confirmed that different approaches to EF interventions 

were effective in school-aged children. For instance, computerized training, physical 

activities (e.g., aerobic and martial arts), art activities (e.g., music, drama, and play), and 

mindfulness meditation were reported to be effective in improving children’s EF 

(Diamond & Lee, 2011; Takacs & Kassai, 2019). In addition, school curricula that 

include full-time programs targeting EF improvements such as Tools of Mind and 

Montessori, or integration of some strategies into existing curricula can be an effective 

and efficient way to implement EF interventions (Diamond & Lee, 2011).   

 An important question is whether EF interventions can improve school adjustment 

as well as EF itself. Based on the theoretical framework depicted in the developmental 

cascades model and a significant mediating role of EF in linking the relations between 

educational ST and school adjustment found in the current study, it is expected that EF 

interventions can be effective in encouraging children’s positive and adaptive behaviors 

and relationships in school settings. However, one meta-analysis about the near- and far-

transfer effects of EF interventions concluded that EF interventions have a significant 

near-transfer effect but not a far-transfer effect (Kassai et al., 2019). It suggested that 

training in EF may be effective in improving targeted EF components but not be 

successful in enhancing more distantly related features such as social skills and academic 

performance.  

Nevertheless, training multiple EF components at the same time (e.g., cognitive 

flexibility, working memory, and inhibitory control) could be more practical and 

promising (Kassai et al., 2019). For instance, a study that explored the effects of 



 

  81 

computerized gaming interventions on various EF components including working 

memory, planning, and inhibitory control demonstrated that interventions were effective 

in improving not only EF but also school performance such as math and literacy 

performance (Goldin et al., 2014). Another study that examined the effects of school-

readiness interventions integrated into Head Start programs found that interventions 

improved EF skills and EF mediated the effects of intervention on school readiness 

(Bierman et al., 2008). Thus, the far-transfer effects of EF interventions can be feasible if 

the efforts encompass various aspects of EF. More intervention studies targeting multiple 

EF components should be conducted to investigate the far-transfer effects of EF 

interventions on school adjustment.  

Strengths and Limitations  

The current study exhibits several notable strengths. Firstly, it explored relatively 

understudied facets of ST by concentrating on contemporary ST devices such as 

computers and smart devices and different ST content. The shift from static and passive 

forms of engagement (e.g., TV viewing) to more interactive and mobile modes (e.g., 

smart devices) underscores the need to investigate how newer types of ST contribute to 

children's development. However, not many studies have been conducted with newer 

types of ST devices. Considering the importance of ST in children’s everyday lives has 

rapidly increased over the past few years due to the development of new technologies and 

will increase far more, it is timely to update previous research by examining how more 

contemporary types of ST serve in children’s development. Moreover, the current study 

incorporated not only the duration but also the content of ST. Although the relations of 
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ST with children’s developmental outcomes should be understood in a complex and 

sophisticated manner considering various aspects of ST, many studies have focused on 

the duration of ST. Thus, the current study attempted to enrich the existing literature by 

highlighting the unique and significant role of ST content, particularly in relation to 

children's EF difficulties and school adjustment.  

Another strength of the current study lies in the investigation of the underlying 

mechanism linking ST to school adjustment. Despite continuous calls for more 

longitudinal research on the mechanism explaining how ST is related to developmental 

outcomes (e.g., Kostyrka-Allchorne et al., 2017), little is known. Although several studies 

have explored hypotheses about the link between ST and school adjustment, very few 

studies have attempted to empirically examine the mechanisms explaining this link 

(Cerniglia et al., 2021; Linebarger et al., 2014; Park et al., 2021; Sharif et al., 2010). By 

exploring EF difficulties as a potential mechanism, the current study aimed to elucidate 

the intricate interplay between ST, EF difficulties, and school adjustment and offer a 

foundational basis for interventions aimed at enhancing children's functioning in school 

settings. 

Third, the current study attempted to include various personal and contextual 

covariates potentially related to children’s ST, EF, or school adjustment such as sex, age, 

SES, number of siblings, and extracurricular learning-related activities. Including proper 

covariates is important to scrutinize the sophisticated relations between ST, EF, and 

school adjustment. For instance, some studies have demonstrated that negative relations 

between ST and developmental outcomes disappeared when including other factors such 
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as SES, age, and home environment (e.g., Foster & Watkins, 2010; Jusienė et al., 2020; 

Stevens & Mulsow, 2006). In addition, the current study controlled for the prior levels of 

the outcomes (i.e., EF and school adjustment). Although evidence has suggested that 

early behavioral traits can be related to later behavioral outcomes or even ST (e.g., 

Radesky et al., 2014), many studies did not include the earlier levels of the outcomes in 

their models. Thus, the current study employing a cross-lagged panel model with data for 

two consecutive years and several covariates can better explain the unique relations 

between ST, EF, and school adjustment above and beyond other potentially relevant 

factors.  

Lastly, the current study contributes to the diversity of ST research by focusing on 

an underrepresented population, namely South Korean school-aged children. Although 

the impact of ST is a global concern, studies on the relations between ST, EF, and school 

adjustment have predominantly originated from North America or Western Europe with 

some exceptions (e.g., Li et al., 2021; Yang et al., 2017). Considering that South Korea is 

a country where ST is prevalent even among very young children, a lack of publications 

in the South Korean context is surprising. To my knowledge, this is the first that explored 

the longitudinal mediated relations between ST, EF, and school adjustment. The current 

study with South Korean school-aged children broadens the scope of ST research and 

brings diversity, confirming that certain findings from North America or Western Europe 

(e.g., a positive role of educational ST in EF development; Huber et al., 2018; Linebarger 

et al., 2014) apply in diverse cultural settings. 
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Despite several important implications and strengths of the current study, it is not 

without limitations. First, the inclusion of educational and recreational ST may overlook 

other potentially influential types of content. For instance, the role of communication 

other than social networking, such as calling, texting, or video chatting, was not included 

in the questionnaires used in PSKC. Given the participants’ age, however, they might 

have used such communication methods more frequently than social networking. Thus, 

future research should incorporate more types of content to explore their associations 

with children’s EF and school adjustment for a more nuanced understanding of the 

unique role of ST content.  

Second, some methodological constraints exist in the measurement of ST. The 

reliance on parent reports for the average daily hours of ST exposure provides only a 

rough approximation of ST duration, and as children become more independent in middle 

childhood, parental reports may become less accurate. Furthermore, the assessment of 

each content type using Likert scales depends on subjective parental evaluations. 

Therefore, future research with more objective measurement methods, such as daily 

diaries or ecological momentary assessments, can enhance the reliability of recall and 

reporting (Shiffman et al., 2008) and provide more accurate insights into children's ST 

consumption. 

Furthermore, the large sample size of the PSKC project led to the practical use of 

parent reports for measuring children's EF. While the employed EF measurement 

demonstrated reliability and validity in prior research (Song, 2014), the exclusive reliance 

on behavioral ratings may raise concerns. Some researchers have argued that 
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performance-based EF measures may better reflect children’s capacities than behavioral 

ratings (Buchanan, 2016) and the lack of correlation between performance-based 

measures and behavioral ratings of EF (Toplak et al., 2013). Therefore, future research 

integrating both performance-based assessments and behavioral ratings is needed to 

verify the replicability of the study’s findings.  

Third, the design of the current study using a half-longitudinal mediation model 

introduces limitations. Inconsistency in the assessments used and the effects of the 

pandemic constrained the investigation to only two time points, despite the availability of 

data for Grade 5 and Grade 6 in PSKC. Although a half-longitudinal mediation model 

offers advantages over a cross-sectional model, it has limitations. For instance, the half-

longitudinal mediation model assumes stationarity, a condition seldom met in social 

science research because it is not uncommon that human behaviors and their relations 

with other factors change over time (Little, 2013). While the violation of the stationarity 

assumption is often considered acceptable in longitudinal research involving more than 

two time points, it may compromise the assumptions underlying the half-mediation 

longitudinal model. Furthermore, mediation results based on only two time points may 

lack the robustness required to strongly support the potential benefits of intervention on a 

mediator. Thus, future studies incorporating more than two time points could enhance the 

reliability of results and strengthen the implications drawn from the findings. 

Another limitation is the representativeness of the sample. Despite recruiting 

participants from nationwide hospitals, PSKC was restricted to those with more than 500 

cases of delivery per year. This approach may inadvertently exclude children and families 
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from smaller rural regions or those experiencing poverty. Indeed, the levels of monthly 

household income of families who participated in the project (5,418,140 Korean Won) 

exceeds the national average (4,754,166 Korean Won; Statistics Korea et al., 2022), 

underscoring potential sampling bias. In addition, only 7% of children belonged to the 

low-income class as per the national criteria (below 50% of the median income with 

consideration of the number of household members; Statistics Korea, 2023). Therefore, 

the current sample might not properly represent the characteristics of children from 

under-resourced families. Future research should aim for more representative samples, 

incorporating children from lower-income families or rural areas, to ensure the 

generalizability of findings to the broader population. 

Conclusion 

 In conclusion, the current study aimed to investigate the intricate dynamics of ST 

among school-aged children, with a focus on both duration and content, and explored its 

associations with EF difficulties and school adjustment. The investigation revealed that 

the duration and content of ST played distinctive roles in shaping children’s EF 

difficulties and school adjustment. In particular, educational ST emerged as a positive 

contributor, demonstrating a significant association with reduced EF difficulties, 

subsequently enhancing school adjustment. This provides initial evidence in support of 

the developmental cascades model and the iterative reprocessing model and highlights 

the need for more longitudinal research.  

The current findings challenge the conventional belief that ST is negatively 

related to children’s cognitive and behavioral outcomes and emphasize the importance of 
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considering the purpose and nature of ST activities when guiding children’s ST use. The 

acknowledgment of the positive role of educational ST prompts a reconsideration of rigid 

duration limitations, advocating for a more nuanced approach to guideline development 

such as encouraging media literacy. The significant mediated relation between 

educational ST and school adjustment via EF difficulties highlights the need for a 

comprehensive understanding of the mechanisms linking ST to children’s behavioral and 

social functions in school settings and offers an empirical foundation to develop EF 

interventions to enhance school adjustment.  

In sum, the current study contributes a novel perspective to the ongoing discourse 

on children’s ST, emphasizing the need to move beyond duration restrictions but consider 

the content of ST activities. By recognizing the diverse roles ST plays in children’s lives 

and the implications, parents, educators, and researchers can better support children in 

navigating ST use to promote balanced development and successful adaptation. As 

technology continues to constitute a large part of children’s daily lives, the current 

findings provide valuable insights for informed decision-making, policy formulation, and 

the development of interventions that align with the evolving landscape of the digital 

world.  
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Table 1. 

Sociodemographic Information  

Variables 

Grade 3 Grade 4 

M (SD) or  

Percentage 

(Number of 

Participants) 

Valid 

Number of 

Participants 

M (SD) or  

Percentage 

(Number of 

Participants) 

Valid 

Number of 

Participants 

Child Age in Years  9.39 (.12) 1,460 10.33 (.11) 1,414 

Percentage of Boys 51% (757) 1,484 50.9% (731) 1,436 

Number of Siblings  1.21 (.69) 1,484 1.21 (.69) 1,434 

Mother Education    1,467  1,415 

  Elementary School  .1% (1) .1% (1) 

  Middle School  .3% (5) .3% (4) 

  High School 26.9% (395) 26.3% (372) 

  Junior College  28.5% (418) 29.0% (410) 

  College  38.0% (557) 38.0% (537) 

  Graduate College  6.2% (91) 6.4% (91) 

Father Education   1,474  1,424 

  Elementary School  .1% (1) 0% (0) 

  Middle School  .5% (8) .6% (8) 

  High School 26.2% (386) 26.5% (378) 

  Junior College  20.1% (297) 20.6% (293) 

  College  41.7% (614) 40.8% (581) 

  Graduate College  11.4% (168) 11.5% (164) 

Monthly Household 

Income in Korean 

Won 

5,418,140 

(4,831,530) 
1,335 

5,649,540 

(5,242,366) 
1,293 

Note. M = mean, SD = standard deviation.  
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Table 2.  

Summary of Measurements  

Variables Measures Scale Reporter 

ST Duration  
Time spent on smart devices and 

computers 
Hours/day 

Primary 

Caregivers  

Recreational 

ST 

Gaming, Entertainment (i.e., video 

watching and listening to music), Social 

networking 

4-point 

Likert 

Primary 

Caregivers 

Educational 

ST  

Searching for information, Learning 

activities 

4-point 

Likert 

Primary 

Caregivers 

EF Difficulties  

Executive Function Difficulty Screening 

Questionnaire (Song, 2014) 

Subscales: Plan/Organize, Behavioral 

Control, Emotional Control, Attention  

3-point 

Likert 

Primary 

Caregivers 

School 

Adjustment  

School Adjustment Inventory  

(Chi & Jung, 2006) 

Subscales: Classroom Behaviors, 

Academic Behaviors, Peer Relationships, 

Teacher Relationships  

5-point 

Likert 
Teachers 

Note. ST = screen time, EF = executive function.  
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Table 3. 

Attrition in Grades 3 and 4 Compared to Initial Year  

Note. M = mean, SD = standard deviation, G3 = Grade 3, G4 = Grade 4, SES = 

socioeconomic status. 

  

Variables 

in Initial 

Sample 

G3 

Included  

(n = 1,484) 

n or M 

(SD) 

G3 

Attrited 

(n = 666) 

n or M 

(SD) 

t or χ2  

G4 

Included 

(n = 1,436) 

n or M 

(SD) 

G4 

Attrited 

(n = 714) 

n or M 

(SD) 

t or χ2  

Child Sex       

     Male 756 335 .076  

p = .783  

731 360 .045  

p =.832      Female 728 331 705 354 

Residential 

Areas 
      

     Large 578 284 

2.839  

p = .242 

563 299 

1.426  

p = .490 
     Medium 602 249 575 276 

     Small  304 132 297 139 

Number of 

Siblings 

.665  

(.718) 

.614 

(.706) 

-1.511 

p = .131  

.662  

(.712)  

.624 

(.722) 

-1.160  

p = .246 

SES 
-.015 

(.758) 

.021 

(.854) 

.890  

p = .374 

-.015 

(.753) 

.019 

(.866) 

.877  

p = .381 
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Table 4. 

Attrition in Grade 4 Compared to Grade 3 

Variables in Grade 3 

Included  

(n = 1,391)  

n or M (SD) 

Attrited  

(n = 93) 

n or M (SD) 

t or χ2  

Child Sex    

      Male  683 44 
.112, p = .738 

      Female  708 49 

Residential Areas    

      Large  553 36 

1.169, p = .557       Medium 759 54 

      Small  79 3 

Number of Siblings 1.211 (.686) 1.194 (.696) .233, p = .816 

SES -.006 (.750) .017 (.753) -.283, p = .777  

ST Duration 1.181 (.819) 1.306 (.876) -1.426, p = .154 

Educational ST 2.079 (.749) 1.994 (.753) 1.015, p = .310 

Recreational ST 2.329 (.763) 2.419 (.740) -1.062, p = .289 

EFD PN  1.642 (.433) 1.608 (.410) .685, p = .494 

EFD BC 1.266 (.306) 1.288 (.287) -.624, p = .533 

EFD EC 1.448 (.452) 1.339 (.414) 2.109, p = .035 

EFD AT 1.546 (.457) 1.519 (.418) .518, p = .604 

SA CB 4.236 (.823) 4.146 (.948) .482, p = .630 

SA AB 3.994 (.803) 3.968 (.735) .144, p = .886 

SA PR 4.087 (.790) 4.075 (.796) .068, p = .946 

SA TR  4.056 (.745) 4.060 (.649) -.023, p = .491 

Note. M = mean, SD = standard deviation, SES = socioeconomic status, ST = screen 

time, EFD = executive function difficulties, PN = plan/organize, BC = behavioral control, 

EC = emotional control, AT = attention, SA = school adjustment, CB = classroom 

behaviors, AB = academic behaviors, PR = peer relationships, TR = teacher relationships.  
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Table 5.  

Descriptive Statistics  

 

EX 
ST 

Dur 

Edu 

ST 

Rec 

ST 

EFD 

PN 

EFD 

BC 

EFD 

EC 

EFD 

AT 

SA 

CB 

SA 

AB 

SA 

PR  

SA 

TR 

Grade 3             

M 3.24 1.19 2.07 2.33 1.64 1.27 1.44 1.54 4.24 3.94 4.09 4.03 

SD 1.16 .83 .75 .76 .43 .32 .45 .45 .84 .83 .79 .80 

Range 
0 – 

8.43 
0– 6 1– 4 1– 4 1– 3 1– 3 1– 3 1– 3 1– 5 1– 5 1– 5 1– 5 

Skewness .25 1.34 .47 .37 .65 1.64 1.09 .81 -1.30 -.71 -.91 -.81 

Kurtosis .60 3.49 -.19 -.57 .00 3.17 .89 .35 1.26 .12 .54 .52 

N 1,484 1,484 1,359 1,360 1,394 1,394 1,392 1,392 633 633 633 633 

Grade 4             

M 3.30 1.51 2.21 2.54 1.59 1.23 1.41 1.51 4.28 3.96 4.08 4.05 

SD 1.20 .97 .75 .77 .43 .31 .43 .45 .83 .85 .78 .76 

Range 
0 – 

7.43 
0– 7 1– 4 1– 4 1– 3 

1–

2.80 
1– 3 1– 3 

1.17

– 5 
1– 5 1– 5 1– 5 

Skewness .29 1.33 .48 .11 .67 1.79 1.05 .79 -1.44 -.86 -1.06 -.95 

Kurtosis .21 2.87 -.18 -.64 -.10 3.36 .76 .11 1.74 .36 1.51 1.34 

N 1,434 1,409 1,387 1,386 1,401 1,401 1,401 1,401 709 709 709 709 

Note. M = mean, SD = standard deviation, SES = socioeconomic status, EX = extracurricular 

learning-related activities, ST = screen time, Dur = duration, Edu = educational, Rec = 

recreational, EFD = executive function difficulties, PN = plan/organize, BC = behavioral control, 

EC = emotional control, AT = attention, SA = school adjustment, CB = classroom behaviors, AB 

= academic behaviors, PR = peer relationships, TR = teacher relationships.  
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Table 6.  

Correlations Between Covariates and Study Variables  

 ST Dur Edu ST Rec ST EFD PN EFD BC  EFD EC  EFD AT  SA CB  SA AB SA PR SA TR 

Grade 3            

Sex  .048† -.056* -.050† .176*** .279*** .076** .185*** -.286*** -.130** -.195*** -.098* 

Age .012 .020 .058* -.027 .016 -.005 .006 .033 -.034 .009 -.003 

N Sib .053* -.111*** .058* -.051† -.027 -.004 -.063* .000 -.045 .038 -.030 

SES -.227*** .037 -.165*** -.072** -.059* -.068* .002 .095* .117** .088* .028 

G3 EX -.181*** .182*** -.251*** -.103*** -.178*** -.132*** -.076** .129** .168*** .119** .136*** 

G4 EX  -.192*** .126*** -.231*** -.116*** -.149*** -.122*** -.098*** .036 .137*** .028 .099* 

Grade 4           

Sex .039 -.048† -.042 .186*** .246*** .076** .159*** -.281*** -.105** -.176*** -.139*** 

Age .033 .022 .006 .014  .038 .021 -.005 -.045 -.078* -.073† -.044 

N Sib .028 -.030 .082** -.038 -.006 .019 -.051† -.062 -.050 .026 -.014 

SES -.193***  .050† -.186*** -.076** -.021 -.054* .010 .104** .077* .077* -.026 

G3 EX -.194*** .103*** -.218*** -.073** -.136*** -.119*** -.021 .112** .085* .065† .019 

G4 EX  -.233*** .150*** -.275*** -.148*** -.132*** -.116*** -.083** .169*** .149*** .088* .054 

Note. N Sib = number of siblings, G3 = Grade 3, G4 = Grade 4, EX = extracurricular learning-

related activities, ST = screen time, Dur = duration, Edu = educational, Rec = recreational, EFD = 

executive function difficulties, PN = plan/organize, BC = behavioral control, EC = emotional 

control, AT = attention, SA = school adjustment, CB = classroom behaviors, AB = academic 

behaviors, PR = peer relationships, TR = teacher relationships. Children’s sex was coded 0 = 

female and 1 = male.  
†p < .10. * p < .05. ** p < .01. ***p < .001. 
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Table 7.  

Concurrent Correlations  

        

 
ST Dur Edu ST Rec ST EFD PN EFD BC EFD EC  EFD AT SA CB SA AB SA PR SA TR 

ST Dur - .083** .431***  .141*** .113*** .055* .104*** -.081* -.054 -.015 .036 

Edu ST  .100*** -  .127*** -.057* -.042 -.018  .002 .107** .086* .080* .038 

Rec ST  .418*** .131*** - .092*** .075** .055* .082** -.012 -.043 .071† -.005 

EDF PN  .067* -.141***  .097*** - .669*** .467***  .609*** -.250*** -.210*** -.168*** -.090* 

EFD BC  .069* -.122***  .035  .683*** - .539*** .521*** -.330*** -.196*** -.228*** -.072† 

EFD EC  .001 -.114***  .025  .441***  .544*** - .394*** -.185*** -.099** -.158*** -.031 

EFD AT  .029 -.059*  .045  .587***  .561*** .395*** - -.240*** -.138*** -.163*** -.044 

SA CB -.109**  .052 -.027 -.223*** -.344*** -.140*** -.217*** - .641*** .726*** .455*** 

SA AB -.108**  .093* -.021 -.224*** -.215*** -.095* -.131** .629*** - .766*** .663** 

SA PR -.059  .057  .042 -.183*** -.243*** -.155*** -.152*** .753*** .732*** - .617*** 

SA TR  -.036  .067 -.034 -.051 -.066 -.025 -.035 .441*** .721*** .598*** - 

Note. ST = screen time, Dur = duration, Edu = educational, Rec = recreational, EFD = executive 

function difficulties, PN = plan/organize, BC = behavioral control, EC = emotional control, AT = 

attention, SA = school adjustment, CB = classroom behaviors, AB = academic behaviors, PR = 

peer relationships, TR = teacher relationships.  

Correlations below a diagonal are from Grade 3 and those above a diagonal are from Grade 4.  
†p < .10. * p < .05. ** p < .01. ***p < .001. 
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Table 8.  

Longitudinal Correlations  

         G4 

G3 
ST Dur Edu ST Rec ST EFD PN EFD BC EFD EC  EFD AT SA CB SA AB SA PR SA TR 

ST Dur .430*** .035 .352*** .072** .052† .014 .018 -.083* -.070† -.011 .041 

Edu ST .011 .295*** -.005 -.161*** -.161*** -.124*** -.076** .074† .098* .081* .074† 

Rec ST .306*** .028 .509*** .061* .013 .014 .039 -.025 -.079* -.005 -.002 

EDF PN .105*** -.068*  .059*  .703*** .509*** .354*** .491*** -.215*** -.171*** -.140*** -.059 

EFD BC  .066* -.068*  .042  .542*** .673*** .424***  .435*** -.339*** -.180*** -.236*** -.025 

EFD EC  .000 -.049†  .010 .346*** .407*** .649*** .287*** -.196*** -.102** -.148*** -.047 

EFD AT  .069* -.011  .047† .496*** .410*** .317*** .727*** -.231*** -.109** -.162*** -.042 

SA CB -.126**  .046 -.049 -.250*** -.330*** -.185*** -.240*** .383*** .160** .275*** .096† 

SA AB -.107**  .041 -.104* -.210*** -.196*** -.099** -.138*** .216*** .304*** .238*** .254*** 

SA PR -.074†  .027 -.007 -.168*** -.228*** -.158*** -.163*** .310*** .212*** .334*** .176** 

SA TR  -.042  .071† -.054 -.090* -.072† -.031 -.044 .108* .188*** .170** .259*** 

Note. G3 = Grade 3, G4 = Grade 4, ST = screen time, Dur = duration, Edu = educational, Rec = 

recreational, EFD = executive function difficulties, PN = plan/organize, BC = behavioral control, 

EC = emotional control, AT = attention, SA = school adjustment, CB = classroom behaviors, AB 

= academic behaviors, PR = peer relationships, TR = teacher relationships.  
†p < .10. * p < .05. ** p < .01. ***p < .001. 
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Table 9.  

Tests for Evaluating Differences in the Model by Residential Areas  

 
χ2 df ∆χ2 ∆df p CFI ∆CFI Pass 

RMSEA 

[90% CI] 

0. Null model 10483.64 288 - - - - - - - 

1. Configural 

Invariance   
554.178 180 - - - .963 - - 

.053 

[.048, .058] 

2. Weak 

invariance 
582.966 198 38.788 18 .004 .962 .001 Yes 

.051  

[.047, .056] 

3. Strong 

invariance 
635.567 218 52.601 20 < .001 .959 .003 Yes 

.051 

[.046, .056] 

4. 

Homogeneity 

var/cov 

647.545 231 11.978 13 .529 .959 .000 Yes 
.049 

[.045, .054] 

5. Mean-level 

stability  
664.981 222 29.414 4 < .001 .957 .002 Yes 

.052 

[.048, .057] 

Note. For measurement invariance testing, the criterion of a change in CFI ≤ .02 was used 

(from Step 1 to Step 3) to compare models. For the structure part (Step 4 and Step 5), the 

criterion of a change in CFI ≤ .002 was used.  
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Table 10.  

Tests Related to the Mediated Effect of Screen Time on School Adjustment Through 

Executive Function Difficulties  

 
χ2 df ∆χ2 ∆df p CFI ∆CFI Pass 

RMSEA 

[90% CI] 

0. Null model 13345.85 367 - - - - - - - 

1. Configural 

Invariance   
769.164 222 - - - .958 - - 

.040 

[.037, .043] 

2. Weak 

invariance 
785.914 228 16.750 6 .010 .957 .001 Yes 

.040 

[.037, .043] 

3. Strong 

invariance 
791.409 234 5.495 6 .482 .957 .000 Yes 

.039 

[.036, .043] 

4. Homogeneity 

var/cov 
843.586 239 52.171 5 < .001 .953 .004 No 

.041 

[.038, .044] 

5a. Mean-level 

stability 

(unconstrained) 

791.409 234 - - - .957 - - - 

5b. Mean-level 

stability 

(constrained) 

841.586 236 50.177 2 < .001 .953 .004 No 
.041 

[.038, .044] 

6a. Omitted 

variables (full) 
781.332 235 - - - .958 - - - 

6b. Omitted 

variables 

(reduced) 

1049.261 251 267.929 16 < .001 .938 .019 No 
.046 

[.043, .048] 

7. Other causal 

effects 
877.324 253 95.992 18 < .001 .952 .006 No 

.040 

[.037, .043] 

8. Final model  797.500 248 16.168 13 .240 .958 .000 Yes 
.038 

[.035, .041] 

Note. var/cov = variances/covariances. For measurement invariance testing (from Step 1 

to Step 3), the criterion of a change in CFI ≤ .01 was used to compare models. For the 

structure part (Step 4 and Step 5), the criterion of a change in CFI ≤ .002 was used.   
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Table 11. 

Significant Relations Between Covariates and Study Variables in Model with School 

Adjustment Latent Variables  

Note. SE = standard error, G3 = Grade 3, G4 = Grade 4, EX = extracurricular learning-related 

activities, ST = screen time, EF = executive function. 
* p < .05. ** p < .01. ***p < .001.  

Relations Between Variables Standardized Estimates (SE) 

From  To   

Sex  G3 EX  -.068* (.026) 

 G3 ST Duration     .050* (.025) 

 G3 Educational ST   -.060* (.027) 

 G3 Recreational ST   -.057* (.026) 

 G3 EF Difficulties   .267*** (.026) 

 G3 School Adjustment  -.238*** (.038) 

 G4 School Adjustment   -.102** (.039) 

Number of Siblings  G3 EX -.138*** (.025) 

 G3 Educational ST -.108*** (.026) 

SES  G3 EX   .171*** (.025) 

 G3 ST Duration  -.224*** (.025) 

 G3 Recreational ST  -.176*** (.026) 

 G3 EF Difficulties   -.080** (.028) 

 G3 School Adjustment     .130** (.039) 

 G4 EX   .105*** (.023) 

 G4 ST Duration   -.082** (.025) 

 G4 Recreational ST   -.065** (.024) 

G3 EX G4 ST Duration   -.080** (.025) 

 G4 Recreational ST    -.055* (.027) 

G3 Recreational ST 
G4 EX 

 -.094*** (.023) 

G3 EF Difficulties    -.053* (.025) 

Covariances Between Disturbances   

SES Number of Siblings   -.073** (.026) 

G3 EX  G3 ST Duration  -.137*** (.025) 

 G3 Educational ST  .164*** (.026) 

 G3 Recreational ST -.222*** (.026) 

 G3 EF Difficulties  -.150*** (.028) 

 G3 School Adjustment     .142** (.042) 

G4 EX  G4 ST Duration -.103*** (.027) 

 G4 Educational ST    .108*** (.027) 

 G4 Recreational ST -.129*** (.027) 

 G4 EF Difficulties   -.095** (.032)  
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Table 12.  

Tests Related to the Mediated Effect of Screen Time on Classroom Behaviors Through 

Executive Function Difficulties  

 
χ2 df ∆χ2 ∆df p CFI ∆CFI Pass 

RMSEA 

[90% CI] 

0. Null model 
9812.10

0 
218 - - - - - - - 

1. Configural 

Invariance   
244.379 93 - - - .984 - - 

.033 

[.028, .038] 

2. Weak 

invariance 
259.396 96 15.017 3 .002 .983 .001 Yes 

.033 

[.029, .038] 

3. Strong 

invariance 
262.263 99 2.867 3 .413 .983 .000 Yes 

.033 

[.028, .038] 

4. Homogeneity 

var/cov 
314.163 101 51.900 2 < .001 .978 .005 No 

.037 

[.033, .042] 

5a. Mean-level 

stability 

(unconstrained) 

262.263 99 - - - .983 - - - 

5b. Mean-level 

stability 

(constrained) 

312.410 100 50.147 1 < .001 .978 .005 No 
.037 

[.033, .042] 

6a. Omitted 

variables (full) 
263.915 100 - - - .983 - - - 

6b. Omitted 

variables 

(reduced) 

526.405 115 262.49 15 < .001 .957 .026 No 
.048 

[.044, .053] 

7. Other causal 

effects 
365.583 118 101.668 18 < .001 .974 .009 No 

.037 

[.033, .041] 

8. Final model  275.815 111 11.900 11 .371 .983 .000 Yes 
.031 

[.027, .036] 

Note. var/cov = variances/covariances. For measurement invariance testing (from Step 1 

to Step 3), the criterion of a change in CFI ≤ .01 was used to compare models. For the 

structure part (Step 4 and Step 5), the criterion of a change in CFI ≤ .002 was used. 
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Table 13.  

Tests Related to the Mediated Effect of Screen Time on Academic Behaviors Through 

Executive Function Difficulties 

 
χ2 df ∆χ2 ∆df p CFI ∆CFI Pass 

RMSEA 

[90% CI] 

0. Null model 
9649.30

2 
218 - - - - - - - 

1. Configural 

Invariance   
231.273 93 - - - .985 - - 

.031 

[.026, .036] 

2. Weak 

invariance 
246.137 96 14.864 3 .002 .984 .001 Yes 

.032 

[.027, .037] 

3. Strong 

invariance 
249.000 99 2.863 3 .414 .984 .000 Yes 

.031 

[.027, .036] 

4. Homogeneity 

var/cov 
300.586 101 51.586 2 < .001 .979 .005 No 

.036 

[.031, .041] 

5a. Mean-level 

stability 

(unconstrained) 

249.000 99 - - - .984 - - - 

5b. Mean-level 

stability 

(constrained) 

298.952 100 49.952 1 < .001 .979 .005 No 
.036 

[.031, .041] 

6a. Omitted 

variables (full) 
249.497 100 - - - .984 - - - 

6b. Omitted 

variables 

(reduced) 

498.311 115 248.814 15 < .001 .959 .025 No 
.047 

[.043, .051] 

7. Other causal 

effects 
342.520 118 93.023 18 < .001 .976 .008 No 

.035 

[.031, .040] 

8. Final model  267.228 114 17.731 14 .219 .984 .000 Yes 
.030 

[.025, .034] 

Note. var/cov = variances/covariances. For measurement invariance testing (from Step 1 

to Step 3), the criterion of a change in CFI ≤ .01 was used to compare models. For the 

structure part (Step 4 and Step 5), the criterion of a change in CFI ≤ .002 was used.   
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Table 14. 

Tests Related to the Mediated Effect of Screen Time on Peer Relationships Through 

Executive Function Difficulties 

 
χ2 df ∆χ2 ∆df p CFI ∆CFI Pass 

RMSEA 

[90% CI] 

0. Null model 
9680.41

3 
218 - - - - - - - 

1. Configural 

Invariance   
233.149 93 - - - .985 - - 

.031 

[.026, .036] 

2. Weak 

invariance 
247.698 96 14.549 3 .002 .984 .001 Yes 

.032 

[.027, .037] 

3. Strong 

invariance 
250.582 99 2.884 3 .410 .984 .000 Yes 

.032 

[.031, .041] 

4. Homogeneity 

var/cov 
302.067 101 51.485 2 < .001 .979 .005 No 

.036 

[.032, .041] 

5a. Mean-level 

stability 

(unconstrained) 

250.582 99 - - - .984 - - - 

5b. Mean-level 

stability 

(constrained) 

300.371 100 49.789 1 < .001 .979 .005 No 
.036 

[.032, .041] 

6a. Omitted 

variables (full) 
253.418 100 - - - .984 - - - 

6b. Omitted 

variables 

(reduced) 

514.953 115 261.535 15 < .001 .958 .026 No 
. 048 

[.044, .052] 

7. Other causal 

effects 
352.546 118 99.128 18 < .001 .975 .009 No 

.036 

[.032, .040] 

8. Final model  272.739 113 19.321 13 .113 .981 .000 Yes 
.030 

[.026, .035] 

Note. var/cov = variances/covariances. For measurement invariance testing (from Step 1 

to Step 3), the criterion of a change in CFI ≤ .01 was used to compare models. For the 

structure part (Step 4 and Step 5), the criterion of a change in CFI ≤ .002 was used.   
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Table 15.  

Tests Related to the Mediated Effect of Screen Time on Teacher Relationships 

Through Executive Function Difficulties 

 
χ2 df ∆χ2 ∆df p CFI ∆CFI Pass 

RMSEA 

[90% CI] 

0. Null model 
9558.98

1 
218 - - - - - - - 

1. Configural 

Invariance   
227.544 93 - - - .986 - - 

.031 

[.026, .036] 

2. Weak 

invariance 
242.001 96 14.457 3 .002 .984 .001 Yes 

.032 

[.027, .037] 

3. Strong 

invariance 
244.895 99 2.894 3 .408 .984 .000 Yes 

.031 

[.026, .036] 

4. Homogeneity 

var/cov 
296.172 101 51.277 2 < .001 .979 .005 No 

.036 

[.031, .040] 

5a. Mean-level 

stability 

(unconstrained) 

244.895 99 - - - .984 - - - 

5b. Mean-level 

stability 

(constrained) 

294.557 100 49.662 1 < .001 .979 .005 No 
.036 

[.031, .040] 

6a. Omitted 

variables (full) 
244.978 100 - - - .984 - - - 

6b. Omitted 

variables 

(reduced) 

492.938 115 247.960 15 < .001 .960 .025 No 
.046 

[.042, .051] 

7. Other causal 

effects 
336.586 118 91.608 18 < .001 .977 .008 No 

.035 

[.030, .039] 

8. Final model  260.274 114 15.296 14 .579 .984 .000 Yes 
.029 

[.024, .034] 

Note. var/cov = variances/covariances. For measurement invariance testing (from Step 1 

to Step 3), the criterion of a change in CFI ≤ .01 was used to compare models. For the 

structure part (Step 4 and Step 5), the criterion of a change in CFI ≤ .002 was used.  
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Table 16.  

Summary of Mediated Relations  

Note. SE = standard error, CI = confidence interval, ST = screen time, EFD = executive function 

difficulties. Edu = educational, Dur = duration, Rec = recreational. Standardized estimates are 

reported. Effect size is the proportion of the total effect explained by the indirect effect.  
** p < .01. ***p < .001.  

Mediated Relations 
a 

β (SE) 

b  

β (SE) 

ab  

β (SE) 

[95% CI] 

Effect 

Size 

(%) 

Significant Mediated Relations      

Edu ST → EFD → School Adjustment  
-.074*** 

(.020) 

-.164*** 

(.046) 

.012 (.005) 

[.004, .023] 
21.05 

Edu ST → EFD → Classroom Behaviors  
-.072*** 

(.020) 

-.212*** 

(.042) 

.015 (.005)  

[.006, .027] 
75.00 

Edu ST → EFD → Academic Behaviors  
-.073*** 

(.020) 

-.117** 

(.044) 

.009 (.004)  

[.002, .018] 
16.67 

Edu ST → EFD → Peer Relationships  
-.073*** 

(.020) 

-.134** 

(.044) 

.010 (.004)  

[.003, .019] 
22.73 

Non-Significant Mediated Relations     

Edu ST → EFD → Teacher Relationships  
-.070** 

(.020) 

-.031 

(.043) 

.002 (.003) 

[-.004, .009] 
- 

ST Dur → EFD → School Adjustment  
.006 

(.023) 

-.164*** 

(.046) 

-.001 (.004) 

[-.009, .007] 
- 

ST Dur → EFD → Classroom Behaviors  
.010 

(.023) 

-.212*** 

(.042) 

.002 (.005) 

[-.008, .012] 
- 

ST Dur → EFD → Academic Behaviors  
.006 

(.023) 

-.117** 

(.044) 

-.001 (.003) 

[-.007, .005] 
- 

ST Dur → EFD → Peer Relationships  
.006 

(.023) 

-.134** 

(.044) 

-.001 (.003) 

[-.008, .006] 
- 

ST Dur → EFD → Teacher Relationships  
.006 

(.023) 

-.031 

(.043) 

0 (.001) 

[-.003, .002] 
- 

Rec ST → EFD → School Adjustment  
.006  

(.020) 

-.164*** 

(.046) 

-.001 (.003) 

[-.008, .006] 
- 

Rec ST → EFD → Classroom Behaviors  
.002 

(.020) 

-.212*** 

(.042) 

0 (.004) 

[-.008, .009] 
- 

Rec ST → EFD → Academic Behaviors  
.005 

(.019) 

-.117** 

(.044) 

-.001 (.002) 

[-.006 .004] 
- 

Rec ST → EFD → Peer Relationships  
.005 

(.020) 

-.134** 

(.044) 

-.001 (.003) 

[-.007, .005] 
- 

Rec ST → EFD → Teacher Relationships  
.004 

(.020) 

-.031 

(.043) 

0 (.001) 

[-.003, .002] 
- 
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Table 17. 

Significant Relations Between Covariates and Study Variables in Model with Observed 

Variables of Classroom Behaviors 

Note. SE = standard error, G3 = Grade 3, G4 = Grade 4, EX = extracurricular learning-related 

activities, ST = screen time, EF = executive function, SES = socioeconomic status.  
* p < .05. ** p < .01. ***p < .001.  

Relations Between Variables Standardized Estimates (SE) 

From  To   

Sex  G3 EX  -.068** (.026) 

 G3 ST Duration     .050* (.025) 

 G3 Educational ST   -.060* (.027) 

 G3 Recreational ST   -.057* (.026) 

 G3 EF Difficulties   .265*** (.027) 

 G3 Classroom Behaviors -.300*** (.034) 

 G4 Classroom Behaviors  -.161** (.036) 

Number of Siblings  G3 EX -.137*** (.025) 

 G3 Educational ST -.108*** (.026) 

SES  G3 EX   .171*** (.025) 

 G3 ST Duration -.224*** (.025) 

 G3 Recreational ST -.176*** (.026) 

 G3 EF Difficulties  -.079** (.028) 

 G3 Classroom Behaviors   .112** (.036) 

 G4 EX .106*** (.023) 

 G4 ST Duration -.081** (.025) 

 G4 Recreational ST -.064** (.024) 

G3 EX G4 ST Duration -.080** (.025) 

 G4 Recreational ST  -.056* (.025) 

G3 Recreational ST 

G4 EX 

-.073** (.026) 

G3 EF Difficulties  -.078** (.028) 

G3 Classroom Behaviors   -.091* (.038) 

Covariances Between Disturbances   

SES Number of Siblings   -.073** (.026) 

G3 EX  G3 ST Duration  -.137*** (.025) 

 G3 Educational ST  .164*** (.026) 

 G3 Recreational ST -.222*** (.026) 

 G3 EF Difficulties  -.150*** (.028) 

 G3 Classroom Behaviors   .113** (.040) 

G4 EX  G4 ST Duration -.106*** (.027) 

 G4 Educational ST   .111*** (.027) 

 G4 Recreational ST -.129*** (.027) 

 G4 EF Difficulties   -.097** (.032)  

 G4 Classroom Behaviors    .103** (.039) 
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Table 18. 

Significant Relations Between Covariates and Study Variables in Model with Observed 

Variables of Academic Behaviors 

Note. SE = standard error, G3 = Grade 3, G4 = Grade 4, EX = extracurricular learning-related 

activities, ST = screen time, EF = executive function, SES = socioeconomic status.  
* p < .05. ** p < .01. ***p < .001. 

Relations Between Variables Standardized Estimates (SE) 

From  To   

Sex  G3 EX  -.068** (.025) 

 G3 ST Duration     .050* (.025) 

 G3 Educational ST   -.060* (.027) 

 G3 Recreational ST   -.057* (.026) 

 G3 EF Difficulties   .265*** (.027) 

 G3 Academic Behaviors   -.147*** (.037) 

Number of Siblings  G3 EX -.137*** (.025) 

 G3 Educational ST -.108*** (.026) 

SES  G3 EX   .171*** (.025) 

 G3 ST Duration -.224*** (.025) 

 G3 Recreational ST -.176*** (.026) 

 G3 EF Difficulties  -.079** (.028) 

 G3 Academic Behaviors    .140*** (.037) 

 G4 EX  .108*** (.023) 

 G4 ST Duration  -.082** (.025) 

 G4 Recreational ST  -.065** (.024) 

G3 EX G4 ST Duration  -.080** (.025) 

 G4 Recreational ST   -.057* (.025) 

G3 Recreational ST G4 EX  -.097*** (.023) 

Covariances Between Disturbances   

SES Number of Siblings   -.073** (.026) 

G3 EX  G3 ST Duration  -.137*** (.025) 

 G3 Educational ST  .164*** (.026) 

 G3 Recreational ST -.222*** (.026) 

 G3 EF Difficulties  -.149*** (.028) 

 G3 Academic Behaviors     .143** (.040) 

G4 EX  G4 ST Duration -.105*** (.027) 

 G4 Educational ST   .109*** (.027) 

 G4 Recreational ST -.129*** (.027) 

 G4 EF Difficulties   -.099** (.032)  

 G4 Academic Behaviors     .078* (.039) 
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Table 19.  

Significant Relations Between Covariates and Study Variables in Model with Observed 

Variables of Peer Relationships 

Note. SE = standard error, G3 = Grade 3, G4 = Grade 4, EX = extracurricular learning-related 

activities, ST = screen time, EF = executive function, SES = socioeconomic status.  
* p < .05. ** p < .01. ***p < .001.  

Relations Between Variables Standardized Estimates (SE) 

From  To   

Sex  G3 EX  -.068** (.025) 

 G3 ST Duration      .050* (.025) 

 G3 Educational ST   -.060* (.027) 

 G3 Recreational ST   -.056* (.026) 

 G3 EF Difficulties   .265*** (.027) 

 G3 Peer Relationships  -.211*** (.037) 

 G4 Peer Relationships     -.084* (.038) 

Number of Siblings  G3 EX -.137*** (.025) 

 G3 Educational ST -.108*** (.026) 

SES  G3 EX  .171*** (.025) 

 G3 ST Duration -.224*** (.025) 

 G3 Recreational ST -.176*** (.026) 

 G3 EF Difficulties  -.078** (.028) 

 G3 Peer Relationships     .104** (.037) 

 G4 EX  .105*** (.023) 

 G4 ST Duration  -.082** (.025) 

 G4 Recreational ST  -.066** (.024) 

G3 EX G4 ST Duration  -.080** (.025) 

 G4 Recreational ST   -.056* (.025) 

G3 Recreational ST  
G4 EX 

-.095*** (.023) 

G3 EF Difficulties   -.053* (.025) 

Covariances Between Disturbances   

SES Number of Siblings   -.073** (.026) 

G3 EX  G3 ST Duration  -.137*** (.025) 

 G3 Educational ST  .164*** (.026) 

 G3 Recreational ST -.222*** (.026) 

 G3 EF Difficulties  -.149*** (.028) 

 G3 Peer Relationships       .104* (.040) 

G4 EX  G4 ST Duration -.103*** (.027) 

 G4 Educational ST    .108*** (.027) 

 G4 Recreational ST -.129*** (.027) 

 G4 EF Difficulties   -.094** (.032) 
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Table 20. 

Significant Relations Between Covariates and Study Variables in Model with Observed 

Variables of Teacher Relationships 

Note. SE = standard error, G3 = Grade 3, G4 = Grade 4, EX = extracurricular learning-related 

activities, ST = screen time, EF = executive function, SES = socioeconomic status.  
* p < .05. ** p < .01. ***p < .001. 

Relations Between Variables Standardized Estimates (SE) 

From  To   

Sex  G3 EX   -.068* (.025) 

 G3 ST Duration     .050* (.025) 

 G3 Educational ST   -.060* (.027) 

 G3 Recreational ST   -.057* (.026) 

 G3 EF Difficulties   .265*** (.027) 

 G3 Teacher Relationships   -.112** (.039) 

 G4 Teacher Relationships  -.107** (.039) 

Number of Siblings  G3 EX -.137*** (.025) 

 G3 Educational ST -.108*** (.026) 

SES  G3 EX  .171*** (.025) 

 G3 ST Duration -.224*** (.025) 

 G3 Recreational ST -.175*** (.026) 

 G3 EF Difficulties  -.078** (.028) 

 G4 EX  .105*** (.023) 

 G4 ST Duration  -.082** (.025) 

 G4 Recreational ST  -.066** (.024) 

G3 EX G4 ST Duration  -.080** (.025) 

 G4 Recreational ST   -.066* (.024) 

G3 Recreational ST G4 EX  -.094*** (.023) 

Covariances Between Disturbances   

SES  Number of Siblings   -.073** (.026) 

G3 EX  G3 ST Duration  -.137*** (.025) 

 G3 Educational ST  .165*** (.026) 

 G3 Recreational ST -.222*** (.026) 

 G3 EF Difficulties  -.149*** (.028) 

 G3 Teacher Relationships   .128** (.041) 

G4 EX  G4 ST Duration -.103*** (.027) 

 G4 Educational ST   .108*** (.027) 

 G4 Recreational ST -.131*** (.027) 

 G4 EF Difficulties   -.093** (.032)  
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APPENDIX B 

FIGURES 
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Figure 1.  

Hypothesized Model Illustrating the Mediated Effect of Screen Time on School 

Adjustment Through Executive Function Difficulties  

 

Note. EX = extracurricular learning-related activities, ST = screen time, EFD = executive 

function difficulties, SA = school adjustment. Black lines represent hypothesized paths 

between study variables. Grey lines represent hypothesized paths from covariates to study 

variables. Covariances between uniqueness, covariances between exogenous variables, 

and covariances between disturbances of endogenous variables were included in the 

analysis but not depicted in the figure for clarity.   
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Figure 2.  

Measurement Models for Executive Function Difficulties and School Adjustment  

 

Note. EFD = executive function difficulties, SA = school adjustment. Both 

unstandardized and standardized estimates are presented and standardized estimates are 

in parentheses. All values are significant at p < .001.  
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Figure 3.  

Mediated Relations Between Screen Time and School Adjustment Through Executive 

Function Difficulties  

 

Note. ST = screen time, EFD = executive function difficulties, SA = school adjustment. 

Standardized estimates are presented. Measurement parts for EFD and SA were not 

depicted in the figure for clarity. For the paths related to covariates and covariances 

between disturbances of endogenous variables, only significant paths were presented. 

Solid grey lines represent significant paths to, from, or between covariates. Dashed grey 

lines represent non-significant hypothesized paths.  
* p < .05. ** p < .01. ***p < .001.   
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Figure 4.  

Mediated Relation Between Screen Time and Classroom Behaviors Through Executive 

Function Difficulties  

 

Note. ST = screen time, EFD = executive function difficulties. Standardized estimates are 

presented. Measurement parts for EFD and SA were not depicted in the figure for clarity. 

For the paths related to covariates and covariances between disturbances of endogenous 

variables, only significant paths were presented. Solid grey lines represent significant 

paths to, from, or between covariates. Dashed grey lines represent non-significant 

hypothesized paths.  
* p < .05. ** p < .01. ***p < .001.   
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Figure 5.  

Mediated Relation Between Screen Time and Academic Behaviors Through Executive 

Function Difficulties 

 

Note. ST = screen time, EFD = executive function difficulties. Standardized estimates are 

presented. Measurement parts for EFD and SA were not depicted in the figure for clarity. 

For the paths related to covariates and covariances between disturbances of endogenous 

variables, only significant paths were presented. Solid grey lines represent significant 

paths to, from, or between covariates. Dashed grey lines represent non-significant 

hypothesized paths. 
* p < .05. ** p < .01. ***p < .001.   
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Figure 6.  

Mediated Relation Between Screen Time and Peer Relationships Through Executive 

Function Difficulties 

  

Note. ST = screen time, EFD = executive function difficulties. Standardized estimates are 

presented. Measurement parts for EFD and SA were not depicted in the figure for clarity. 

For the paths related to covariates and covariances between disturbances of endogenous 

variables, only significant paths were presented. Solid grey lines represent significant 

paths to, from, or between covariates. Dashed grey lines represent non-significant 

hypothesized paths.  
* p < .05. ** p < .01. ***p < .001.   
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Figure 7.  

Mediated Relation Between Screen Time and Teacher Relationships Through 

Executive Function Difficulties 

 

Note. ST = screen time, EFD = executive function difficulties. Standardized estimates are 

presented. Measurement parts for EFD and SA were not depicted in the figure for clarity. 

For the paths related to covariates and covariances between disturbances of endogenous 

variables, only significant paths were presented. Solid grey lines represent significant 

paths to, from, or between covariates. Dashed grey lines represent non-significant 

hypothesized paths.  
* p < .05. ** p < .01. ***p < .001. 
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APPENDIX C 

QUESTIONNAIRES   
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Executive Function Difficulty Screening Questionnaire (Song, 2014) 

 Items Subscale 

1.  Feel hard to start anything.  

Plan/ 

Organize 

2.  
When there is a lot to do (e.g., homework, studying, errands, etc.), 

they get confused about what to do.  

3.  Tend to procrastinate tasks almost until the last minute.  

4.  
Find it difficult to do things that need to be done step by step in 

order.  

5.  
Cannot predict in advance how much time it will take to complete a 

task.  

6.  Can make a plan, but they struggle with putting it into action.  

7.  Find it difficult to set goals and take actual steps to achieve them.  

8.  
Cannot understand the crucial key points although they seem to 

partly understand the content.  

9.  Cannot take the lead and initiate things on their own.  

10.  
Find it challenging to plan and execute tasks in a systematic and 

orderly manner. 

11.  
Cannot concentrate well when doing tasks like homework, studying, 

or errands.  

12.  
Compared to peers, they seem to have more difficulty regulating 

their actions.  

Behavioral 

Control 

13.  Have difficulty controlling behaviors.  

14.  Tend to act too impulsively.  

15.  
Without adult supervision and assistance, it is difficult for them to 

do tasks like homework, studying, or errands on their own.  

16.  Struggle with writing.  

17.  Disrupt others.  

18.  
Find it hard to stay in their seat when they need to sit down and 

concentrate.  

19.  
When they need to stand in line, they wander off instead of staying 

in place.  

20.  
Are not very aware of whether their behavior is bothering others or 

not.  
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21.  
Unless someone is watching, they cannot consistently sit down and 

focus on tasks like homework or studying.  

22.  
Do not care much even if people around them criticize or nag them 

about their behaviors.  

23.  Easily explode in anger over trivial matters.  

Emotional 

Control 

24.  Mood changes drastically depending on the situation.  

25.  Struggle to tolerate things and often lose their temper.  

26.  Frequently burst into tears.  

27.  Complain and grumble even when it is unnecessary.  

28.  Overreact to minor things.  

29.  Get instantly angry if there are changes in the original plans 

30.  Experience intense mood swings  

31.  
Do not take care of their belongings and leave them scattered 

around.  

Attention 

32.  
Struggle to find items like clothes, glasses, socks, toys, books, 

pencils, etc.  

33.  Cannot keep their room tidy.  

34.  
Forget to submit completed homework to the teacher even if it is 

done.  

35.  Frequently lose belongings or homework.  

36.  Tend to forget things easily.  

37.  Forget tasks that need to be done.  

38.  Keep their room consistently messy.  

39.  Have difficulty finding items in their room or on the desk.  

40.  
Create a mess with belongings and in the room, needing others to 

clean up.  

Note. Item 22 was excluded from the analysis due to low communalities at both time 

points. 
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School Adjustment Inventory (Chi & Jung, 2006) 

 Items  Subscale 

1.  Find it difficult to sit still during class (Reverse coded).  

Classroom 

Behaviors 

2.  Maintain good order at school.  

3.  Follow the classroom rules.  

4.  Maintain order during outdoor activities.  

5.  Handle tasks with patience in given situations.  

6.  During class, they don’t engage in other activities or play around.  

7.  Organize their belongings well and help keep the classroom tidy.  

8.  Adhere well to the teacher’s guidance and instructions.  

9.  Punctual at school arrival time, class time, and break time.   

10.  Pay attention and listen well during class.  

11.  Act younger than their age.  

12.  Enthusiastic about everything.  

Academic 

Behaviors 

13.  Show clear expressions.  

14.  Express their thoughts and opinions willingly and confidently. 

15.  Perform assignments well and bring necessary materials.  

16.  Take the lead in play and activities at school.  

17.  Have a strong desire to think and explore.  

18.  Actively participate in activities during class.  

19.  Exhibit bright and cheerful expressions.  

20.  Actively engage in group activities and class activities.  
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21.  Show a strong sense of responsibility towards assigned tasks.  

22.  
When faced with difficult problems, they don’t easily get 

discouraged and don’t give up midway.  

23.  Share and play with toys with peers.  

Peer 

Relationships 

24.  Help peers well.  

25.  
When peers forget textbooks or materials, they share or lend 

them.  

26.  Comfort peers when they are sad.  

27.  Resolve conflicts with peers using positive approaches.  

28.  Are popular among peers.  

29.  Get along well with peers.  

30.  Demonstrate leadership in interactions with peers.  

31.  
Excessively fear and feel intimidated by teachers (Reverse 

coded). 

Teacher 

Relationships 

32.  Freely talk with teachers anytime.  

33.  Want to discuss their home life or personal matters with teachers.  

34.  Greet teachers well.  

35.  Ask teachers for help when needed.  

Note. Items 11 and 31 were excluded from the analysis due to low communalities at both 

time points. Items 15 and 21 were moved to Classroom Behaviors from Academic 

Behaviors.  

 

 

   


