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The increasing use of screen-based electronic devices among young children raises concerns about their potential impact on learning quality. While moderate and guided digital media use may support cognitive engagement, excessive or unregulated use can impair executive function and reduce learning outcomes. Parental mediation may serve as a protective factor, but its specific moderating role remains unclear. This study examined the relationship between electronic device use and learning quality in preschool children, focusing on the indirect pathway through executive function and the moderating role of parental mediation. A total of 3,322 preschool children (aged 3–5 years) participated, with their parents/guardians completed the questionnaires including Electronic Device Use, Learning Quality Parent Evaluation Scale, Executive Function Behavior Rating Scale, and Parental Mediation Questionnaire. Results showed that electronic device use negatively predicted executive function, which in turn negatively predicted children’s learning quality. Parental mediation moderated the indirect pathway, with higher levels of mediation attenuating the negative impact. These findings suggest that while excessive device use risks cognitive development, active parental mediation can mitigate adverse effects, highlighting the need for family-centered interventions.
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1 Introduction

The rapid proliferation of digital technologies in recent years has fundamentally transformed the daily lives of individuals, including young children. As electronic devices become increasingly integrated into family environments, preschool children are exposed to various digital content at an unprecedented rate. Electronic device use refers to children’s engagement with screen-based media (smartphones, tablets, TVs) operationalized through a multidimensional risk-exposure framework (1, 2). This includes four domains: access (device availability/location), frequency (duration/context of use), content (age-appropriateness/educational quality) co-viewing (interactive mediation practices). Although parents and educators often view electronic devices as educational tools that can support early learning and development, concerns have been raised about their potential negative impacts on children’s cognitive, emotional, and social development (3–5). In particular, the influence of electronic device use on young children’s learning quality has garnered substantial attention from both researchers and practitioners, as early learning quality is essential for later academic success and psychosocial adjustment (1, 2, 6, 7). Developmental outcomes in this study specifically denote neurocognitive, socioemotional, and academic trajectories impacted by digital exposure, including: executive function (EF in short, e.g., working memory, inhibitory control, cognitive flexibility), learning quality (as defined above), stress physiology (e.g., cortisol levels), and long-term academic skills (literacy/numeracy).

Learning quality is explicitly defined as a multidimensional construct encompassing five core competencies developed through children’s daily learning activities (8): curiosity and interest (e.g., exploratory questioning, seeking novelty), initiative (e.g., self-directed engagement, proactive problem-solving), persistence and attention (e.g., task-focused endurance despite challenges), imagination and creativity (e.g., generating novel ideas, symbolic play), reflection and explanation (e.g., articulating thought processes, evaluating outcomes). This construct develops through dynamic child-environment interactions: cognitive maturation (e.g., EF growth) enables sustained attention and flexible thinking (9). Caregiver scaffolding (e.g., guided exploration, responsive feedback) cultivates intrinsic motivation and strategy use (10). Activity design (e.g., play-based vs. structured tasks) shapes behavioral engagement (11). Key factors influencing its development include: Child characteristics (e.g., temperament, EF), which are strongly linked to early academic success (6); Parental practices (e.g., mediation style, learning support) that directly shape EF through co-regulatory interactions (12); and environmental inputs (e.g., resource availability, digital exposure). EF—particularly inhibitory control and working memory—serve as foundational cognitive pillars for learning behaviors such as task persistence and curiosity (9). Notably, warm, responsive parenting buffers EF against environmental stressors (13), yet few studies integrate digital exposure, EF, and parenting within a unified model. On one hand, interactive and educational media have been shown to facilitate cognitive engagement and skill development when used appropriately under adult supervision (14, 15). On the other hand, excessive or unregulated use of electronic devices has been associated with reduced attention spans, impaired executive function, and poorer social interactions, raising concerns about the potential detrimental effects on learning quality (16, 17). Beyond learning quality, excessive electronic device use has been linked to broader neurocognitive alterations. Neuroimaging studies indicate that high screen exposure correlates with reduced cortical thickness in frontal and temporal regions, which are critical for EF and language processing (1, 2). Such structural changes may underpin deficits in attention control and working memory (18). Electronic device use is also associated with physiological stress markers, including elevated cortisol levels and disrupted sleep architecture, which impair cognitive recovery and emotional regulation (19). Furthermore, prolonged sedentary behavior during device use often displaces physical activity, leading to poorer motor coordination and cardiovascular fitness (9, 20). These cascading effects may compromise long-term academic success; longitudinal studies report that excessive electronic device use in early childhood predicts lower literacy and numeracy skills in later schooling (21, 22).

Critically, executive function (EF), encompassing inhibition, emotion control, shifting, planning and organization, and working memory (23), plays a pivotal role in preschool children’s learning quality. EF’s centrality to early education is well-established: It mediates socioeconomic impacts on school readiness (24), predicts math and literacy outcomes (25), and is modifiable through parenting interventions (26). However, digital media research often overlooks EF’s role as a mediator between device use and learning (6), a gap our study directly addresses. Consequently, we position EF not merely as a correlate but as the mediating mechanism translating digital exposure into learning outcomes, consistent with evidence that EF mediates environmental effects on academic skills (27).

In particular, the role of parental mediation in moderating the relationship between electronic device use and children’s developmental outcomes remains underexplored. While some studies suggest that parental involvement can buffer the negative effects of screen time by guiding content selection and promoting interactive use (28), others indicate that inconsistent or permissive mediation practices may exacerbate the risks associated with high device use (29, 30). Therefore, it is critical to investigate not only the direct effects of electronic device use on young children’s learning quality but also the complex interplay between device use, EF development, and parental mediation.

Research on the effects of electronic device use on young children’s developmental outcomes has produced mixed findings. On one hand, some studies highlight the potential benefits of educational technology, particularly when used in moderation and guided by adults who scaffold children’s understanding through questioning, contextual reinforcement, and co-engagement. For instance, interactive media that incorporate educational content can enhance cognitive skills, such as problem-solving, memory retention, and language development when adults actively contextualize content and bridge digital experiences to real-world learning (31). Recent evidence confirms that digital applications specifically designed for early education support vocabulary acquisition and early literacy primarily when caregivers engage in dialogic interaction (e.g., explaining concepts, relating content to daily life) during and after use (14, 15). Moreover, digital storytelling and educational games have been shown to stimulate curiosity and foster cognitive flexibility, especially when adults facilitate reflective discussion or extend digital play into physical activities (32).

Despite these potential benefits, a growing body of literature points to the negative impacts of excessive or unregulated electronic device use on children’s cognitive and socio-emotional development. Numerous studies indicate that high screen time is associated with impairments in EF, including difficulties in inhibition control, working memory, and cognitive flexibility (1, 2). For example, a longitudinal study revealed that preschool children who spent more than 2 h per day on screen activities exhibited poorer performance on measures of attention and self-regulation compared to their peers with limited screen exposure (33). This aligns with other research suggesting that passive consumption of digital content, particularly without adult interaction, can lead to reduced attentional control and decreased social engagement (34).

Parental mediation plays a crucial role in shaping how electronic device use influences children’s development. Studies have categorized parental mediation strategies into three main types: active mediation (discussing content with children), restrictive mediation (setting limits on use), and co-use (engaging with children during device use) (10). Active mediation, in particular, has been associated with positive developmental outcomes, as parents who guide their children through digital interactions help enhance learning comprehension and critical thinking. In contrast, restrictive mediation, when overly strict or inconsistent, may lead to increased curiosity and covert device use, while co-use without meaningful engagement fails to mitigate the negative effects (28–30). However, despite the recognition of parental mediation as a moderating factor, there is limited empirical evidence specifically examining how different mediation strategies interact with electronic device use to influence learning quality in early childhood. This research aims to address these gaps by systematically examining the moderating role of parental mediation in the relationship between electronic device use and learning quality, with a particular focus on the mediating role of EF.

Despite growing awareness of the potential impacts of electronic device use on young children’s learning quality, existing research still faces several significant gaps. To fill these gaps, the present study proposes a moderated mediation model to investigate how EF mediates the relationship between electronic device use and young children’s learning quality, and how parental mediation practices moderate the indirect pathway (i.e., electronic device use → executive function → learning quality). Specifically, we hypothesize the following:


	1. Electronic device use negatively predicts learning quality in young children.

	2. Given EF’s role as a neurocognitive conduit for digital influences, it will mediate the relationship between electronic device use and learning quality.

	3. Because parental mediation scaffolds cognitive processing during device use, it will moderate the indirect pathway (electronic device use → executive function → learning quality), attenuating negative effects.





2 Methods


2.1 Participants

This study employed a stratified random sampling method to recruit preschool children aged 3–5 years and their primary caregivers from diverse family backgrounds. Eligible participants met the following criteria: (a) children aged between 3 and 5 years currently enrolled in preschool; (b) primary caregivers fluent in Chinese and able to complete questionnaires; and (c) written informed consent provided by parents or guardians. Participants were excluded if: (a) the child had been diagnosed with a neurodevelopmental disorder (e.g., Autism Spectrum Disorder, Attention Deficit Hyperactivity Disorder); (b) questionnaires had more than 20% missing data; or (c) the primary respondent was a non-residential caregiver (e.g., grandparents as custodians without parental oversight).

Initially, 3,459 child-caregiver dyads participated in the survey. After applying the exclusion criteria, 137 responses were removed, resulting in a final analytic sample of 3,322 dyads (retention rate: 96.03%). Detailed demographic characteristics are provided in Table 1. The final sample included children from junior classes (3-year-olds, 29.2%), middle classes (4-year-olds, 32.1%), and senior classes (5-year-olds, 38.7%). Among these participants, 1,691 (50.9%) were boys, and 1,631 (49.1%) were girls, with an average age of 56.70 months (SD = 10.84). Approximately 58.6% of the children attended public kindergartens, while 41.4% attended private institutions. Questionnaires were predominantly completed by mothers (76.4%), followed by fathers (23.3%) and other guardians (0.4%). Parental education levels were distributed as follows: junior high school or below (5.5%), high school or vocational training (15.1%), college diploma (23.3%), bachelor’s degree (45.2%), and master’s degree or higher (10.8%). Informed consent was obtained from the participants, and the study was approved by the ethics committee of the College of Preschool Education, Capital Normal University.


TABLE 1 Descriptive statistics of electronic device use, parental mediation, executive function, and learning quality.


	Variable
	Min
	Max
	Mean (M)
	Standard Deviation (SD)
	Skewness (Sk)
	Kurtosis (Kur)

 

 	Electronic Device Use 	0 	20 	8.07 	2.91 	0.53 	0.55


 	Parental Mediation 	25 	125 	98.92 	18.22 	−0.54 	0.03


 	Executive Function 	15 	45 	38.27 	5.01 	−0.70 	0.24


 	Learning Quality 	6 	123 	77.16 	19.28 	0.18 	−0.05




 



2.2 Measures


2.2.1 Electronic device use questionnaire

Children’s engagement with screen-based electronic devices was measured using the ScreenQ questionnaire (1, 2), a validated 15-item (16-question) parent-report tool designed to assess adherence to American Academy of Pediatrics (AAP) recommendations. The measure evaluates four domains derived from AAP guidelines: Access: Availability and location of devices (Items 1–5). Frequency: Duration and context of daily use (Items 6–9). Content: Age-appropriateness and educational quality (Items 10–12). Co-viewing: Interactive mediation practices (Items 13–15, question 13 is divided into 13a (Co-view TV/videos) and 13b (Co-use games/apps), so there are 2 questions). Responses use binary (0/1), ordinal (0–2), or frequency-based scales, translated to ordinal scores consistent with AAP risk thresholds (e.g., >1 h/day = 2 points). Total scores range from 0 to 26, where higher scores indicate greater non-adherence to AAP guidelines (1, 2). For this study, we culturally adapted ScreenQ through forward-backward translation and pilot testing with Chinese parents, ensuring item clarity. Cronbach’s α was 0.74, confirming acceptable reliability in our sample.



2.2.2 Learning quality parent evaluation scale

The Learning Quality Parent Evaluation Scale, developed by Cai (8), consists of 41 items rated on a 0–3 scale, where “always” is scored as 3, “often” as 2, “occasionally” as 1, and “never” as 0. The scale measures five dimensions: curiosity and interest (8 items), initiative (9 items), persistence and attention (9 items), imagination and creativity (9 items), and reflection and explanation (6 items), with higher total scores indicating better learning quality. The Cronbach’s alpha coefficient for this scale was 0.963, with a construct validity of 0.976, indicating high reliability and validity.



2.2.3 Preschool children’s executive function behavior rating scale (parent version)

Developed by Gioia et al. (23), this scale assesses preschool children’s EF from the perspective of parents. The scale contains 15 items rated on a 1–3 scale: “completely consistent” scored as 1, “consistent” as 2, and “inconsistent” as 3. It includes five dimensions: inhibition (3 items), emotion control (3 items), shifting (3 items), planning and organization (3 items), and working memory (3 items). Higher scores indicate better EF. Scores from these dimensions were aggregated into a global EF score, reflecting EF as a holistic cognitive mechanism. The Cronbach’s alpha coefficient for this study was 0.838, and the construct validity was 0.815.



2.2.4 Parental mediation of electronic device use questionnaire

Developed by Valcke et al. (35), this scale contains 25 items rated on a 1–5 scale, where “never” is scored as 1 and “always” as 5. It measures two dimensions: control (11 items, including regulation, prohibition, and usage rules) and warmth (14 items, including communication and support), with higher scores indicating more frequent parental mediation behaviors. The Cronbach’s alpha coefficient was 0.952, and the construct validity was 0.958, indicating high reliability and validity.




2.3 Data analysis

Data were processed using SPSS 26.0 and Mplus 8.3. To evaluate potential common method bias arising from parent-reported measures, we conducted Harman’s single-factor test via exploratory factor analysis (EFA) on all questionnaire items. Results indicated 17 factors with eigenvalues >1, with the largest factor accounting for 24.69% of variance [below the 40% threshold; Podsakoff et al. (36)], suggesting no severe common method bias. Descriptive statistics, correlation analysis, and structural equation modeling were used to examine the relationships among variables. The mediation effect was tested using the bootstrap method (5,000 resamples), and the moderation effect was tested using the latent moderated structural equation (LMS) method.




3 Results


3.1 Common method bias test

To examine whether common method bias exists, we employed the widely used Harman’s single-factor test. Exploratory factor analysis was conducted on all items. A total of 17 common factors with eigenvalues greater than 1 were identified. The first factor explained 24.69% of the total variance, which is below the critical value of 40%, indicating that common method bias is not significant in this study.



3.2 Descriptive statistics

The results of descriptive statistics for electronic device use, parental mediation, EF, and quality of learning are shown in Table 1. The mean value of electronic device use of the children in the study was 8.07, indicating that the children in the study were more compliant with the recommendations of the AAP, China’s “Recommendations for Exercise Guidance for Children 0–6 Years of Age at Home During the Epidemic of Novel Coronavirus Pneumonia (First Edition)” regarding the use of electronic devices. The mean value of parental intervention was 98.92, indicating that all levels of parental intervention were high. The mean value of young children’s EF was 38.27, indicating that all levels of young children’s EF were high. The mean value of Learning Quality for young children was 77.16, indicating that the level of Learning Quality for young children was high.



3.3 Correlation analysis

We conducted correlation analysis among the variables: electronic device use, parental mediation, EF, and learning quality. The results are presented in Table 2. The findings revealed that electronic device use was significantly negatively correlated with parental mediation (r = −0.32, p < 0.01), EF (r = −0.30, p < 0.01), and learning quality (r = −0.26, p < 0.01). In contrast, parental mediation was positively correlated with EF (r = 0.28, p < 0.01) and learning quality (r = 0.47, p < 0.01), and EF was positively correlated with learning quality (r = 0.46, p < 0.01). These results indicate that there are significant pairwise correlations among electronic device use, parental mediation, EF, and learning quality.


TABLE 2 Correlation analysis between electronic device use, parental mediation, executive function, and learning quality.


	Variable
	1
	2
	3
	4

 

 	Electronic device use 	1 	 	 	


 	Parental mediation 	−0.32** 	1 	 	


 	Executive function 	−0.30** 	0.28** 	1 	


 	Learning quality 	−0.26** 	0.47** 	0.46** 	1





*p < 0.05, **p < 0.01, ***p < 0.001.
 



3.4 Model testing

We used Mplus 8.3 to test a moderated mediation model examining (a) whether EF mediates the relationship between electronic device use and learning quality, and (b) whether parental mediation moderates this indirect pathway. Three equations were estimated to operationalize this model:


	1. Equation 1 (Direct Effect): Tests the direct path from electronic device use (X) to learning quality (Y): Y = cXY = cX

	2. Equation 2 (Mediator Effect): Tests the path from electronic device use (X) to EF (M): M = aXM = aX

	3. Equation 3 (Moderated Mediation): Tests the full model, including the moderated path from EF (M) to learning quality (Y) by parental mediation (W) and their interaction (M × W): Y = c′X + bM + dW + e(M × W)Y = c′X + bM + dW + e(M × W)



Model fit indices were acceptable: χ2/df = 27.56, CFI = 0.96, TLI = 0.94, RMSEA = 0.07, SRMR = 0.06. Results confirmed that EF mediated the relationship between electronic device use and learning quality, and parental mediation moderated the latter half of this pathway (Figure 1, Table 3).

[image: A path diagram illustrating relationships between electronic device use, executive function, learning quality, and parental mediation. Arrows denote path coefficients: electronic device use to executive function (-0.42***), to learning quality (-0.04), executive function to learning quality (0.45***), and to parental mediation (0.09***). Error terms, ε1 and ε2, are associated with executive function and learning quality, respectively.]

FIGURE 1
 Moderated mediation model (all path coefficients are normalized path coefficients).



TABLE 3 Conditional indirect effect test.


	Predictor variable
	Equation 1
	Equation 2
	Equation 3



	Learning quality
	Executive function
	Learning quality



	β
	t
	95%CI
	β
	t
	95%CI
	β
	t
	df
	95%CI

 

 	Electronic device use (X) 	−0.24 	−11.22*** 	[−0.29, −0.20] 	−0.42 	−19.94*** 	[−0.46,-0.38] 	0.04 	1.50 	3,316 	[−0.01, 0.08]


 	Executive function (M) 	 	 	 	 	 	 	0.45 	23.68*** 	3,316 	[0.41, 0.48]


 	Parental mediation (W) 	 	 	 	 	 	 	0.42 	25.36*** 	3,316 	[0.39, 0.45]


 	Interaction (X × W) 	 	 	 	 	 	 	0.09 	5.83*** 	3,316 	[0.06, 0.12]


 	R2 	0.06 	0.18 	0.42 	





*p < 0.05, **p < 0.01, ***p < 0.001.
 



3.5 Moderated mediation effect

To further investigate how parental mediation moderates the relationship between EF and learning quality, we categorized parental mediation into high (M + 1SD) and low (M − 1SD) groups. We then conducted a simple slope analysis. The results, as shown in Figure 2, indicated that when parental mediation was low (M − 1SD), the positive predictive effect of EF on learning quality was significant (Bsimple = 0.33, t = 14.72, p < 0.001). When parental mediation was high (M + 1SD), the positive predictive effect of EF on learning quality was significantly stronger (Bsimple = 0.50, t = 18.89, p < 0.001).

[image: Graph showing the relationship between executive function and learning quality with two lines representing low and high parental mediation. Low parental mediation decreases learning quality, while high parental mediation increases it as executive function improves.]

FIGURE 2
 Moderating effect of parental mediation on the relationship between executive functioning and quality of learning.




3.6 Conditional indirect effect analysis

As shown in Table 4, when parental mediation was low (M − 1SD), the indirect effect of electronic device use on learning quality through EF was −0.57, with a 95% Bootstrap confidence interval of [−0.60, −0.48], not including zero, indicating a significant mediation effect. When parental mediation was high (M + 1SD), the indirect effect of electronic device use on learning quality through EF was −0.33, with a 95% Bootstrap confidence interval of [−0.35, −0.28], also not including zero, indicating a significant difference in mediation effects between high and low parental mediation groups.


TABLE 4 Conditional indirect effect analysis.


	Moderating variable
	Indirect effect
	95% confidence interval



	Lower
	Upper

 

 	Low parental mediation (−1SD) 	−0.57 	−0.60 	−0.48


 	High parental mediation (+1SD) 	−0.87 	−0.90 	−0.69


 	Difference 	−0.30 	−0.66 	−0.21





*p < 0.05, **p < 0.01, ***p < 0.001.
 




4 Discussion

This study aimed to examine the relationship between screen-based electronic device use (i.e., exposure to smartphones, tablets, TVs) and preschool children’s learning quality, specifically investigating the indirect effect of EF and the moderating role of parental mediation. We hypothesized that electronic device use would negatively predict learning quality, EF would mediate this relationship, and parental mediation would moderate the mediation effect by buffering these negative impacts. Contrary to our initial hypothesis regarding direct effects, we found no significant direct association between electronic device use and learning quality. Instead, our key finding was that electronic device use negatively predicted EF, which in turn negatively predicted children’s learning quality. This indicates that EF fully mediates the negative impact of electronic device use on learning quality. Additionally, parental mediation significantly moderated the indirect pathway through EF; higher levels of parental mediation attenuated the negative relationship between electronic device use and EF. These findings emphasize the central role of EF as a critical mediating mechanism and highlight parental mediation as a potential protective factor.

The most significant finding in this study was that EF fully mediated the relationship between electronic device use and learning quality. Specifically, increased electronic device use was associated with impaired executive function, which subsequently predicted lower learning quality in preschool-aged children. The nature of this relationship is rooted in neurodevelopmental vulnerability: Excessive screen-based device use disrupts prefrontal cortex maturation through reduced synaptic pruning and delayed myelination (1, 2), directly impairing EF like working memory and cognitive flexibility. These EF deficits manifest behaviorally as reduced attentional persistence (e.g., abandoning challenging tasks) and poor impulse control—core competencies underpinning learning quality (9). Mechanistically, screen exposure displaces cognitively enriching activities (e.g., symbolic play, social interaction) and overstimulates dopaminergic pathways, conditioning children to rapid reward cycles that erode sustained attention (21). Consequently, EF acts as the conduit through which fragmented attention and reduced cognitive control translate into poorer learning behaviors (e.g., diminished curiosity, reduced reflection). Consistent with studies showing that excessive screen time negatively impacts EF by reducing attention and cognitive control abilities (21, 37), our finding that electronic device use indirectly impairs learning quality via EF aligns with evidence linking screen time to neurocognitive inefficiencies [e.g., delayed neural responsivity during attention tasks; Law et al. (38)] and heightened stress reactivity (19). Reduced physical activity due to sedentary screen use may further compound these effects, as fitness levels are positively associated with EF development (39). Critically, early deficits in these domains predict poorer academic trajectories, including math and reading achievement (22).

Another important finding concerns the moderating role of parental mediation. Parental mediation buffers these effects through two synergistic mechanisms. Firstly, active mediation (e.g., co-viewing with explanatory dialogue) helps children encode screen content into schemas, reducing cognitive load and reinforcing neural connections for memory consolidation (14, 15).

Secondly, warmth-focused mediation (e.g., emotion-labeling during media use) supports children’s affective regulation, preventing stress-induced cortisol surges that impair prefrontal functioning (19).

Critically, restrictive mediation alone (e.g., time limits without engagement) fails to scaffold EF development, explaining mixed findings in prior literature (29). Our measure’s emphasis on active strategies clarifies why mediation robustly moderated the device use → EF pathway. These findings align with prior evidence showing that parental involvement—particularly active mediation involving guidance, discussion, and structured interaction around digital content—can buffer against potential developmental harms related to digital exposure (40). However, while our study revealed a clear moderating effect of parental mediation, previous research has shown inconsistent results regarding parental mediation’s protective effects. Some studies indicate that restrictive or inconsistent parental mediation can exacerbate negative outcomes by triggering frustration, anxiety, or covert usage among children (41). The robust protective effect observed in our study can be attributed to our measure’s emphasis on active, positive mediation behaviors (e.g., co-viewing and content-guided interaction), which recent research has demonstrated to have consistent protective effects on children’s cognitive development (28). Our study expands upon these findings by explicitly examining parental mediation as a moderating factor within a moderated mediation model, demonstrating its efficacy in supporting cognitive development even under conditions of high electronic device use.

Additionally, the absence of a direct effect of electronic device use on learning quality contradicts some previous studies. Previous studies frequently reported a direct negative association between excessive screen time and early learning outcomes, particularly academic readiness and cognitive skills (42, 43). Our finding of no direct effect contrasts with studies reporting direct negative associations between screen time and learning outcomes [e.g., Hu et al. (42) and Li et al. (43)]. This discrepancy may arise from methodological differences: prior work often examined bivariate relationships or omitted EF as a mediator. Our moderated mediation model explicitly accounts for this cognitive pathway, suggesting that electronic device use primarily impacts learning quality indirectly via EF. When EF is modeled as a mediator, the direct effect becomes nonsignificant, aligning with neurocognitive evidence that screen exposure affects learning through foundational cognitive processes (1, 2, 44). Recent literature underscores that EF is a core underlying mechanism that often mediates relationships between environmental factors and learning outcomes (27, 45). Furthermore, the present study found a complete mediation of the effect of electronic device use on learning quality through EF. Initially, we hypothesized only a partial mediation, expecting direct negative effects of electronic device use on children’s learning quality to persist. While we initially hypothesized partial mediation, EF fully mediated the effect—a finding that diverges from studies reporting both direct and indirect pathways [e.g., Likhitweerawong and Boonchooduang (45)]. The complete mediation by EF suggests device use impacts learning quality primarily through cognitive pathways rather than direct behavioral interference. This aligns with the cognitive bottleneck hypothesis (27): Screen-impaired EF creates bottlenecks in information processing, reducing resources for higher-order learning behaviors (e.g., curiosity, creativity). Without adequate EF, children cannot leverage environmental inputs—even educational content—effectively. Thus, parental mediation’s moderating role operates at this bottleneck: By preserving EF capacity (e.g., via guided co-use), it enables children to convert digital inputs into learning gains. Recent developmental literature emphasizes that EF such as inhibitory control, cognitive flexibility, and working memory are highly susceptible to environmental influences and critically underpin early academic achievement and classroom behavior (27). Therefore, our findings compellingly illustrate the centrality of EF in interpreting digital media impacts, suggesting that any adverse effects of device use are primarily cognitive rather than directly educational.

Additionally, the strength and consistency of parental mediation’s moderating effect were stronger than anticipated. While we initially recognized parental mediation as a potential protective factor, its robust role in buffering the negative influence of electronic devices on EF was noteworthy. The robust buffering effect of parental mediation contrasts with studies reporting mixed or weak protective effects [e.g., Elias and Sulkin (41)]. This discrepancy may reflect measurement differences: our Parental Mediation Questionnaire (35) emphasizes active, co-engaged practices (e.g., discussion, guided interaction), whereas other studies focused on restrictive mediation, which can provoke reactance (29). Importantly, our results align with emerging evidence that active (not restrictive) mediation consistently mitigates cognitive risks (28), suggesting that mediation quality—not merely its presence—determines protective benefits. Our results align well with these findings, suggesting that parental mediation might be essential to preserving EF amid high electronic media exposure.

Finally, several limitations warrant acknowledgment. First, despite our large sample size (N = 3,322), participants were drawn exclusively from urban Chinese preschools, limiting socioeconomic and cultural diversity. Generalizability to rural populations, clinical subgroups (e.g., children with ADHD), or Western contexts requires validation.

Second, while the ScreenQ questionnaire aggregates device types (TVs, tablets, smartphones) and content purposes (educational/entertainment), we acknowledge this treats heterogeneous exposures uniformly. Future research should disaggregate these dimensions to examine differential impacts (e.g., passive TV viewing vs. interactive tablet use; educational apps vs. entertainment videos).

Third, the cross-sectional design precludes causal inferences about the relationships between electronic device use, EF, and learning quality. Longitudinal or experimental studies are needed to establish temporal precedence and rule out bidirectional effects (e.g., whether poor EF drives increased device use).

Fourth, while we controlled for key demographic variables (age, gender), unmeasured confounders—such as genetic predispositions, family stress levels, or school quality—may influence observed associations. Future research should incorporate multi-informant assessments (e.g., teacher reports of learning quality) and objective measures of device use (e.g., digital tracking) to reduce mono-method bias. Most critically, our exclusive reliance on parent-reported measures introduces significant limitations. While validated instruments were used, this approach risks response biases (e.g., social desirability in underreporting device use, subjective interpretations of EF). Direct behavioral assessments (e.g., NIH Toolbox, DCCS tasks) would provide more objective metrics but were precluded by our large-scale design (N = 3,322) and pandemic restrictions prohibiting researcher-child contact. Future studies should combine multi-informant reports with direct cognitive testing.

Notwithstanding these constraints, our moderated mediation model advances understanding of how parental mediation buffers cognitive risks in early digital exposure. Future work should employ longitudinal designs across diverse cultural contexts to verify these pathways and explore nuanced factors like content type (educational vs. entertainment) and co-use quality.

Despite these limitations, our findings have significant practical and theoretical implications. The identified full mediation role of EF indicates that structured interventions targeting preschool children’s cognitive skills—such as EF-integrated curricula involving memory games, inhibitory control tasks, and cognitive flexibility exercises—could effectively buffer the negative effects of electronic device use (27). Educators should model active mediation strategies during classroom screen activities by prompting open-ended discussions and connecting digital content to real-life contexts. Additionally, our results highlight parental mediation as a robust moderator, suggesting family-based interventions (e.g., workshops on active mediation techniques and promoting movement-based activity displacement) could further enhance EF and mitigate sedentary behaviors (46). Collaborative educator-parent efforts must emphasize consistency in mediation styles to prevent conflicting approaches from undermining these benefits (29).
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