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Abstract
Background
Longitudinal studies of associations between executive function (EF) and parenting behaviors during early childhood and resilience, self-regulation, and behavioral problems in school-age children are scarce. This study aims to evaluate long-term associations between EF and parenting behaviors during preschool and resilience, self-regulatory efficacy, and behavioral problems in 9-year-old children.

Methods
From February 2021-March 2022, 195 participants were enrolled from a larger longitudinal study conducted since age 6 months. Parents reported child EF difficulties and behavioral problems at ages 4, 6, and 9, as well as parenting behaviors at ages 4 and 6. Children reported resilience and self-regulatory efficacy at age 9. The relationships between these variables were analyzed using path analysis.

Results
Among 195 participants (51.3% female) with a median age of 108 months (interquartile range 108–109), EF difficulties at ages 4 and 6 exhibited direct and indirect relationships with lower resilience, reduced self-regulatory efficacy, and behavioral problems at age 9. Positive parenting at ages 4 and 6 were indirectly associated with better resilience, self-regulatory efficacy, and fewer behavioral problems at age 9, mediated by reduced EF difficulties and behavioral problems during preschool.

Conclusions
EF difficulties during preschool were correlated with decreased resilience, self-regulatory efficacy, and behavioral problems in school-age children. Interventions focusing on promoting EF and positive parenting during early childhood may alleviate behavioral problems and potentially enhance resilience and self-regulatory efficacy during school-age.
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Introduction
Executive function (EF) encompasses the brain’s capacity, particularly centered in the prefrontal cortex, to regulate an individual’s thoughts, emotions, and behaviors toward specific goals [1]. Core skills within EF include inhibitory control, working memory, and cognitive flexibility [1], while higher-level EF involves reasoning, problem-solving skills, and planning [1, 2]. EF development begins in infancy, with significant advancements occurring during the preschool period and extend into late adolescence [3]. Notably, EF plays a pivotal role in physical and mental well-being and is essential for lifelong achievements and overall quality of life [1]. During preschool, EF trajectories are marked by rapid growth and variability, which can predict future outcomes in school readiness, self-regulation, social competence, behavioral problems, theory of mind, learning abilities, and academic success [1, 4–7]. Furthermore, within-person changes in EF during early childhood are associated with evolving parenting practices, academic challenges, and the ability of children to adapt to the increasing cognitive and social demands of school [6–8].
EF also influences a wide range of behaviors, including attention control, emotional regulation, social behavior, internalizing, and externalizing behaviors [9, 10]. Children with low self-control often exhibit aggressive and externalizing behavioral problems [11]. Furthermore, EF dysfunctions are linked to various neurodevelopmental and mental health disorders, such as attention-deficit/hyperactivity disorder (ADHD), conduct disorder, delinquency, substance abuse, anxiety, and depression [12–16].
Resilience is a multifaceted concept with varying definitions across different frameworks [17]. From an outcome-oriented perspective, it is generally defined as the ability to adapt and maintain mental or physical well-being despite significant stressors, challenges, or adversities [17]. However, a process-oriented approach conceptualizes resilience as a trajectory characterized by either stable mental health during or after adversity or by temporary disruptions followed by a relatively swift and successful recovery [17]. Alternatively, a trait-oriented perspective defines resilience as a dispositional characteristic or personality trait that enhances an individual’s ability to cope with stress or adversity [17]. Regardless of the framework, resilience serves as a protective resource that shapes individuals’ responses to stress and hardship [17–19]. Associations between EF, particularly working memory and resilience have been observed in adolescents facing poverty and family dysfunction [20]. Furthermore, EF has been associated with dispositional resilience in Latinx children of migrant farm workers [21].
Self-regulatory efficacy refers to the perceived confidence in controlling one’s thoughts, feelings, attention, and actions in various situations [22–24]. This efficacy significantly influences educational development and learning outcomes [25]. Existing literature highlights lower self-regulatory efficacy in academic performance among children with EF dysfunction, particularly those with ADHD, compared to children from the general population [24]. Furthermore, another research found that students with learning disabilities, as well as those with both learning disabilities and comorbid ADHD, reported significantly lower academic self-efficacy beliefs than their neurotypical peers [26].
A previous meta-analysis demonstrated that positive parenting behaviors including warmth, sensitivity, responsiveness, affect, positive regard, support, and physical proximity, as well as cognitive parenting behaviors such as scaffolding, autonomy support, and cognitive stimulation, were associated with higher EF in children aged 0–8 years [27]. Additionally, negative parenting at age 6 was linked to ADHD symptoms in children at age 8, and this association appeared to be partly explained by lower EF at age 6 [28]. Another study also identified EF as a key mediator in the relationship between negative parenting, particularly parental rejection and externalizing behavioral problems in elementary school-aged children [29]. Further evidence from developmental neuroscience and randomized controlled trials (RCTs) underscores the causal impact of parenting behaviors on the development of EF. For example, a recent RCT targeting parental nurturance and sensitivity during infancy demonstrated that such interventions causally influence amygdala-prefrontal cortex (PFC) connectivity and PFC responses to viewing fearful and neutral faces. This study also identified amygdala-PFC connectivity as a potential mediator of the impact of the intervention on child emotion regulation [30]. Similarly, another RCT involving children exposed to neglect or abuse showed that the Attachment and Biobehavioral Catch-up (ABC) intervention, designed to enhance sensitivity and responsiveness during infancy, significantly improved inhibitory control outcomes in middle childhood [31]. These findings highlighted the transformative potential of early parenting interventions on EF development and underscore the role of EF during the preschool years as a potential mediator in the relationship between parenting and child behavioral problems.
Children’s developmental needs and parenting practices evolve significantly from early childhood to school age, along with changes in school success measures and challenging behaviors [7, 8]. Understanding the within-person trajectories of EF starting in preschool is crucial, as these trajectories shape children’s ability to meet developmental milestones and adapt to academic and social demands [7, 8]. Research in a diverse, low-income urban sample revealed that EF develops nonlinearly, with the greatest gains occurring in preschool but significant individual variability still exists [7]. Children with higher EF at preschool entry showed a steeper early growth, while those with slower initial gains grew more rapidly in kindergarten, leading to some convergence in EF trajectories at the end [7]. This convergence highlights the need to investigate how child, family, classroom, and school factors influence variability in EF development [7]. Positive parenting is also a crucial element in fostering the development of resilience and self-regulatory efficacy in children [32].
While cross-sectional studies have linked EF to developmental and behavioral outcomes in older children with impairments, there is a paucity of longitudinal research examining how early childhood EF and parenting behaviors jointly influence resilience, self-regulatory efficacy, and behavioral problems in later childhood. Moreover, few studies have simultaneously modeled these variables to understand their interconnectedness over time. Therefore, this study aims to investigate the long-term associations between EF and parenting behaviors during preschool and resilience, self-regulatory efficacy, and behavioral problems in children at the age of nine. As a result, our hypotheses were as follows (see Fig. 1).
Hypothesis 1
Children raised by parents who demonstrated more positive parenting styles at ages 4 and 6 would be associated with fewer EF difficulties and behavioral problems compared to those raised by parents who demonstrated fewer positive parenting styles at those same ages.

Hypothesis 2
Children raised by parents who exhibited more positive parenting styles at earlier ages (4 and 6) would be associated with fewer EF difficulties at age 6 and fewer behavioral problems at later ages (6 and 9) compared to those raised by parents who exhibited fewer positive parenting styles.

Hypothesis 3
Children with more EF difficulties would exhibit more behavioral problems at the same age. Furthermore, behavioral problems at an earlier age would be associated with EF difficulties at a later age, and vice versa.

Hypothesis 4
Children with more EF difficulties at earlier ages (age 4 and 6) would demonstrate lower levels of resilience, self-regulatory efficacy, and more behavioral problems at age 9. In contrast, children raised by parents who exhibited more positive parenting styles at ages 4 and 6 would be associated with higher levels of resilience and self-regulatory efficacy, along with fewer behavioral problems compared to those raised by parents who exhibited fewer positive parenting styles.

[image: ]
Fig. 1Hypotheses of the study depicting the complex relationships among EF difficulties, positive parenting behaviors, and child behavioral problems at ages 4 and 6, along with their subsequent effects on resilience, self-regulatory efficacy, and behavioral problems at age 9



Methods
Participants
Between February 2021 and March 2022, we recruited a total of 195 healthy 9-year-old children who were already enrolled in the primary prospective longitudinal study, “The Impact of Electronic Media Exposure on Young Children Project.” Enrollment in the original study began predominantly at 6 months of age (2012–2014), with additional participants joining at 3 years of age (2015–2016). Detailed descriptions of the original and subsequent studies can be found elsewhere [33–36]. Our participants were from middle to high socioeconomic backgrounds in the Thai context [33–36]. According to our previous study at the age of 3 years, the study enrolled 280 healthy children [34]. Follow-up assessments were conducted when participants were 4 years old (2016–2017) and 6 years old (2018–2019), with retention rates of 97.9% (274 participants) and 92.5% (259 participants), respectively, compared to the cohort of 280 children at 3 years of age [34–36]. At 9 years old, the study aimed to follow all participants from the previous cohort. However, due to constraints including limited researcher availability, concurrent research projects, workload distribution, structural organization for simultaneous research studies, and the COVID-19 pandemic in Thailand at that time, recruitment was concluded in March 2022. Consequently, the study when the participants were 9 years old comprises a sample representing 75.3% of the cohort followed up to age 6. Notably, no significant differences were observed in demographics or primary variables between enrolled and non-enrolled participants. All participants were of Thai ethnicity. The approval for this study was granted by the Institutional Review Board of the Faculty of Medicine, Chulalongkorn University (IRB 007/58). Informed assent was obtained from the participants, while consent was provided by their primary caregivers. This study was conducted in accordance with the principles of the Declaration of Helsinki.


Measures
EF difficulties at 4 and 6 years of age
At age 4, parents evaluated EF using the Behavior Rating Inventory of Executive Function-Preschool version (BRIEF-P) for children aged 2 to 5 years [37]. When the children turned 6 years old, the Behavior Rating Inventory of Executive Function (BRIEF) for children aged 5 to 18 years was used [38]. The BRIEF-P comprises 63 items [37], while the BRIEF questionnaire consists of 86 items [38], both designed to assess specific behaviors associated with EF difficulties in children of different age groups. Caregivers rated their children’s behaviors based on the frequency of problematic behavior observed in the previous 6 months, using a scale of never (1), sometimes (2), or often (3).
The 63 items of the BRIEF-P were grouped into five subscales that included inhibit, shift, emotional control, working memory, and plan or organize. Similarly, the 86 items of the BRIEF were categorized into eight subscales, including inhibit, shift, emotional control, initiate, working memory, plan or organize, organization of materials, and monitor. The Global Executive Composite (GEC) served as a total score for EF difficulties, encompassing all EF subscales for each questionnaire and was only used in this study. GEC raw scores were summed and converted into T-scores adjusted for age and sex, with a mean (SD) of 50 (10). A T-score of 65 or higher indicated potential clinical significance [37]. The Cronbach’s alpha of the parent reports ranged from 0.80 to 0.97 for both questionnaires [37, 38], with higher GEC scores indicating greater EF difficulties in this study.

Parenting styles at 4 and 6 years of age
At 4 and 6 years of age, caregivers of the participants assessed parenting behaviors and styles using the short version of the Parenting Styles and Dimensions Questionnaire (PSDQ short version). The questionnaire comprised 32 items exploring various parenting styles, including authoritative, authoritarian, and permissive approaches. Caregivers indicated how frequently they exhibited behaviors towards the child, with each item rated on a 5-point Likert scale (1 = never, 5 = always). The Cronbach’s alpha of the short version of the PSDQ was 0.86 for authoritative, 0.82 for authoritarian, and 0.64 for permissive parenting styles [39]. In this study, the parenting style was operationalized as a positive parenting score, calculated by subtracting the authoritarian and permissive parenting score from the authoritative parenting score as also used in previous studies [35, 36]. A higher score indicated more positive parenting behaviors.

Child behavioral problems at 4, 6, and 9 years of age
During the 4-year-old visit, parents completed the Child Behavior Checklist questionnaires for ages 1.5–5 (CBCL 1½–5), comprising 100 items to assess the behaviors of the participants [40]. Each item was scored as not true (0), somewhat or sometimes true (1), or very true or often true (2). CBCL included subscales: emotionally reactive, anxious/depressed, somatic complaints, withdrawn, sleep problems, attention problems, aggressive behavior, and other problems [40]. Subsequently, internalizing, externalizing, and total problem scores were computed, with higher scores indicating more emotional and behavioral problems. A T-score of 63 or higher indicated clinical significance [40]. The Cronbach’s alpha of the CBCL 1½-5 was 0.95 for total problems [40]. Total problems were finally used in the analysis.
At the 6- and 9-year-old visits, parents completed the Strengths and Difficulties Questionnaire (SDQ), comprising 25 items divided into five subscales that included conduct problems, peer problems, hyperactivity/inattention, emotional symptoms, and prosocial behavior [41]. Each item was scored as not true (0), somewhat true (1), or certainly true (2). The first four problem subscales were then calculated as total difficulties scores, with higher scores indicating more behavioral problems. The total difficulties score of less than 16 was defined as having no behavioral problems and was finally used in the analysis. The Cronbach’s alpha of the SDQ was 0.76 for the total difficulties scores [42].

Resilience
During the 9-year-old visit, children’s resilience was assessed using the Resilience Factors Scale (RFS) questionnaire [43]. The questionnaire consisted of 25 items divided into 6 components, including determination and problem-solving skills, personal support, other kinds of support, positive thinking, assertiveness and balance-of-self, and social skills. Sample items included “I can solve problems in various settings”, “I have people within the family I can trust”, “I have stable family and community”, “I respect myself and others”, “I can express thoughts and feelings without embarrassment”, and “I can negotiate or refuse to do inappropriate things” [43]. Accordingly, this questionnaire measures resilience as a personality trait or dispositional resilience. Each item was rated on a 4-point Likert scale (1 = not true, 4 = true). The total score ranged from 25 to 100, with higher scores indicating greater resilience. The Cronbach’s alpha of this questionnaire was reported to be 0.88 [43]. Permission was obtained from the original authors to adapt the questionnaire for use in this study. Although this questionnaire was originally designed to assess resilience in tenth-to-twelfth graders, it was thoroughly adapted for participants at age 9 years. The content validity was confirmed by three developmental and behavioral pediatricians with extensive experience working with 9-year-olds, yielding an Item Objective Congruence (IOC) index of 0.91. Moreover, Cronbach’s alpha was 0.86 in our current sample, which was comparable to the original research [43].

Self-regulatory efficacy
During the 9-year-old visit, children’s self-regulatory efficacy was assessed using the Self-Regulatory Efficacy Questionnaire, which is a valid measure in this age group [24]. The questionnaire comprised eight items designed to directly investigate individual’s confidence in their ability to control their attention in various academic contexts, such as the classroom environment, schoolwork, and while taking examinations. For example, participants were asked “How confident are you that you can always focus on school subjects during class?”, “How confident are you that you finish your homework even if it is difficult for you?”, and “How confident are you that you get yourself to prepare for a test?”. Each item was rated on a 5-point Likert scale (1 = I am totally confident I cannot, 5 = I am totally confident I can), resulting in a total score ranging from 8 to 40, with higher scores indicating greater self-regulatory efficacy. The reliability of this questionnaire was reported to be 0.93 [24]. Researchers obtained permission to adapt this questionnaire to the Thai language and implemented it in the current study. Cronbach’s alpha of this questionnaire was 0.80 in our current sample.

Other variables
Demographic data were collected when participants reached 9 years of age. This included information on the participant’s age, sex, primary caregiver, educational level, type of school, presence of developmental and behavioral problems that required evaluation, management, or counseling by a developmental and behavioral pediatrician, child psychiatrist, or psychologist, and parental marital status. Furthermore, data on parental age and parental education were collected when participants were 3 years old and updated according to the participant’s age at 9 years. These variables were used in the study analysis.

Statistical analysis
Baseline characteristics were summarized as median and interquartile ranges (IQR) for continuous variables and as percentages for categorical variables. Spearman correlations were used to examine bivariate correlations among demographic characteristics (e.g., age, sex, primary caregiver, and maternal education), EF difficulties at ages 4 and 6, positive parenting behaviors at ages 4 and 6, child behavioral problems at ages 4, 6, and 9 years, as well as resilience and self-regulatory efficacy at 9 years of age. Subsequently, path analysis was performed to assess both direct and indirect pathways of EF difficulties, positive parenting behaviors, as well as child behavioral problems at ages 4 and 6 on resilience, self-regulatory efficacy, and child behavioral problems at 9 years of age while adjusting for confounding factors, such as age, sex, primary caregiver, and maternal education. Path analysis was selected for its ability to simultaneously examine multiple interrelated pathways, offering a clearer understanding of potential mediating effects. The model was specified based on theoretical considerations, with standardized regression weights reported to represent the strength of associations among variables. The fit of the model was assessed using multiple indices, including a non-significant Chi-Square test, a Comparative Fit Index (CFI) ≥ 0.95, a Root Mean Square Error of Approximation (RMSEA) ≤ 0.05, and a Normed Fit Index (NFI) > 0.90, with these thresholds indicating an excellent model fit. All statistical analyses were performed using SPSS and Amos version 28 (IBM Inc., Bangkok, Thailand).


Results
Demographic characteristics of study participants
At the 9-year-old visit, this study included 195 healthy participants with a median age of 108 months (IQR 108–109). Of these, 100 (51.3%) were girls, while 95 (48.7%) were boys. Primary caregivers were predominantly mothers (75.6%), followed by fathers (11.4%) and grandmothers (10.4%). Both parents had a median of 16 years of formal education (IQR 16–18), which typically corresponds to at least a bachelor’s degree in the Thai educational context. Most of the participants were enrolled in grade 3 (75.6%), with smaller proportions in grade 4 (22.8%) and grade 2 (1.6%).
Among the 195 participants, 25 (12.8%) exhibited developmental and behavioral problems that required evaluation and management by a developmental and behavioral pediatrician, while three (1.5%) were evaluated and treated by a child psychiatrist. Of the 28 participants with developmental and behavioral problems that required evaluation and management, 18 were diagnosed with ADHD alone, two with specific learning disorder, one with slow learner, one with autism spectrum disorder, one with tic disorder, one with obsessive–compulsive disorder, one with adjustment disorder, and three with dual diagnoses of developmental and behavioral disorders. Additional demographic characteristics of study participants at the age of 9 years are presented in Table 1. The extent of missing data among the 195 participants ranged from 0% to 3.6%, as shown in Tables 1, 2. Given the minimal nature of the missing data, the authors believed that the validity of the longitudinal findings remains robust. The primary findings were not compromised due to the limited extent of missing data observed in the dataset.Table 1Demographic characteristics of study participants at age 9 years


	Characteristics
	Total n
	n (%)

	Child

	 Female sex
	195
	100 (51.3)

	Primary caregiver
	193
	 
	  Mother
	 	146 (75.6)

	  Father
	 	22 (11.4)

	  Grandmother
	 	20 (10.4)

	  Aunt
	 	3 (1.6)

	  Other
	 	2 (1.0)

	Educational level
	193
	 
	  Grade 2
	 	3 (1.6)

	  Grade 3
	 	146 (75.6)

	  Grade 4
	 	44 (22.8)

	Type of school
	193
	 
	  Academic
	 	177 (91.7)

	  International
	 	8 (4.1)

	  Other (integrated/ alternative)
	 	8 (4.1)

	  ADHD diagnosis
	193
	20 (10.4)

	Parent

	 Mother’s age (years), median (IQR)
	195
	43 (40, 45)

	 Mother’s education (years), median (IQR)
	195
	16 (16, 18)

	Father's age (years, median (IQR)
	193
	44 (41, 48)

	 Father’s education (years), median (IQR)
	195
	16 (16, 18)

	 Marital status: divorce
	191
	19 (9.9)


Data presented as median (IQR) for continuous variables and percentage for categorical variables
IQR interquartile range


Table 2EF difficulties, positive parenting behaviors, child behavioral problems, resilience, and self-regulatory efficacy at ages 4, 6, and 9 years


	Variables
	Total n
	Age at 4 years median (IQR)
	Total n
	Age at 6 years median (IQR)
	Total n
	Age at 9 years median (IQR)

	EF difficulties (N < 65)
	190
	50 (42, 58.3)
	188
	47 (40.3, 55.8)
	 	 
	Positive parenting behaviors
	190
	− 0.4 (− 1.1, 0.5)
	188
	− 0.03 (− 1.1, 0.8)
	 	 
	Child behavioral problems on the CBCL (N < 63)
	190
	50 (42,59)
	 	 	 	 
	Child behavioral problems on the SDQ (N < 16)
	 	 	188
	9 (6, 12)
	194
	9 (6, 14)

	Resilience (25–100)
	 	 	 	 	195
	78 (73, 83)

	Self− regulatory efficacy (8–40)
	 	 	 	 	195
	31 (28, 35)


IQR interquartile range




EF difficulties, positive parenting behaviors, child behavioral problems, resilience, and self-regulatory efficacy at ages 4, 6, and 9 years
Most of the participants demonstrated Global Executive Composite (GEC) scores within the normal range (GEC score < 65) at the ages of 4 and 6 years, as indicated in Table 2. Among the 190 participants with EF data at the 4-year visit, 29 (15.3%) had GEC scores in the range of potential clinical significance, while 15 of 188 (8.0%) had EF difficulties at the age of 6 years. Similarly, most of the participants exhibited behavioral problem scores within the normal range on the Child Behavior Checklist (CBCL) (total problem scores < 63) at 4 years of age and on the Strengths and Difficulties Questionnaire (SDQ) (total difficulties score < 16) at 6 and 9 years of age. However, 35 (18.4%), 28 (14.9%), and 34 (17.5%) participants had behavioral difficulty scores above the cutoff at the ages of 4, 6, and 9 years, respectively. Participants themselves reported relatively high resilience scores and self-regulatory efficacy at the age of 9 years. More details on the median and interquartile range (IQR) of EF difficulties, positive parenting behaviors, child behavioral problems, resilience, and self-regulatory efficacy at ages 4, 6, and 9 years are presented in Table 2.

Bivariate correlations among key variables
Table 3 presents bivariate correlations between demographic characteristics, EF difficulties at ages 4 and 6, positive parenting behaviors at ages 4 and 6, child behavioral problems at ages 4, 6, and 9, as well as resilience and self-regulatory efficacy at age 9.Table 3Bivariate correlations among key constructs


	Variables
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1. Age at 9 years (months)
	–
	 	 	 	 	 	 	 	 	 	 	 
	2. Male sex
	0.02
	–
	 	 	 	 	 	 	 	 	 	 
	3. Mother’s education (years)
	− 0.16*
	− 0.10
	− 
	 	 	 	 	 	 	 	 	 
	4. EF difficulties at age 4 years
	0.06
	0.29**
	− 0.27**
	− 
	 	 	 	 	 	 	 	 
	5. EF difficulties at age 6 years
	0.11
	0.19**
	− 0.10
	0.62**
	− 
	 	 	 	 	 	 	 
	6. Positive parenting behaviors at age 4 years
	− 0.01
	− 0.09
	0.28**
	− 0.51**
	− 0.36**
	−
	 	 	 	 	 	 
	7. Positive parenting behaviors at age 6 years
	− 0.04
	− 0.19**
	0.15*
	− 0.44**
	− 0.52**
	0.59**
	−
	 	 	 	 	 
	8. Child behavioral problems at age 4 years
	0.02
	0.11
	− 0.22**
	0.80**
	0.57**
	− 0.55**
	− 0.48**
	−
	 	 	 	 
	9. Child behavioral problems at age 6 years
	0.03
	0.18*
	− 0.12
	0.53**
	0.70**
	− 0.39**
	− 0.54**
	0.58**
	− 
	 	 	 
	10. Child behavioral problems at age 9 years
	0.00
	0.21**
	− 0.15*
	0.46**
	0.57**
	− 0.39**
	− 0.37**
	0.44**
	0.63**
	–
	 	 
	11. Resilience at age 9 years
	− 0.05
	− 0.09
	− 0.01
	− 0.14
	− 0.17*
	0.10
	0.03
	− 0.13
	− 0.18*
	− 0.22**
	–
	–

	12. Self-regulatory efficacy at
age 9 years
	0.02
	0.05
	0.05
	− 0.04
	− 0.06
	0.04
	0.00
	− 0.04
	− 0.10
	− 0.17*
	0.63**
	–


*p < 0.05, **p < 0.01



No significant associations were found between age and other variables. However, boys showed a higher likelihood of EF difficulties at ages 4 and 6, fewer positive parenting behaviors at age 6, and increased behavioral problems at ages 6 and 9. Higher maternal education was related to fewer EF difficulties at age 4, reduced child behavioral problems at ages 4 and 9, and more positive parenting behaviors at ages 4 and 6.
EF difficulties at 6 years of age were associated with lower resilience at age 9. Similarly, child behavioral problems at ages 6 and 9 were associated with reduced resilience, while only behavioral problems at age 9 were associated with lower self-regulatory efficacy at the same age. Additionally, self-regulatory efficacy showed a strong positive association with resilience at age 9. Further bivariate correlations among key variables are presented in Table 3.

Path analysis
Although high bivariate correlations suggested strong associations according to Table 3, they were accounted for in our path analysis model. Specifically, the model included these variables as distinct constructs with separate pathways, which reduced multicollinearity and ensured that each variable’s unique contribution to the outcomes was assessed.
Figure 2 presents a path analysis model that shows the complex direct and indirect relationships of EF difficulties, positive parenting behaviors, child behavioral problems at ages 4 and 6, and subsequent outcomes at age 9, including resilience, self-regulatory efficacy, and child behavioral problems. The model was adjusted for age, sex, primary caregiver, and maternal education, and demonstrated an excellent fit: Chi-square (d.f. 20) = 22.417, p = 0.318, CFI = 0.997, RMSEA = 0.025, and NFI = 0.973, indicating strong model performance. The analysis revealed several key findings. EF difficulties, positive parenting behaviors, and child behavioral problems at 4 years of age displayed positive direct relationships with the same variables at later ages, as expected.[image: ]
Fig. 2Path analysis model showing the complex direct and indirect relationships of EF difficulties, positive parenting behaviors, child behavioral problems at ages 4 and 6, and subsequent outcomes of resilience, self-regulatory efficacy, and child behavioral problems at 9 years of age adjusted for the child’s age, sex, primary caregiver, and maternal education. Chi-square = 22.417 (d.f. 20), p = 0.318, Comparative Fit Index (CFI) = 0.997, Root Mean Square Error of Approximation (RMSEA) = 0.025, Normed Fit Index (NFI) = 0.973. *p < 0.05 and **p < 0.001


Consistent with Hypothesis 1, our results showed that positive parenting styles at ages 4 and 6 were directly associated with lower EF difficulties and fewer child behavioral problems compared to those raised by parents who demonstrated fewer positive parenting styles at those same ages.
Regarding Hypothesis 2, instead of direct relationships, we found that children whose parents exhibited more positive parenting styles at age 4 experienced fewer EF difficulties at age 6 compared to those raised by parents who exhibited fewer positive parenting styles. This indirect effect was mediated by reduced EF difficulties at age 4 or fewer positive parenting styles at age 6. Furthermore, children raised by parents who demonstrated more positive parenting styles at ages 4 and 6 had fewer behavioral problems at ages 6 and 9 compared to those raised by parents who exhibited fewer positive parenting styles, respectively, mediated by reduced behavioral problems at ages 4 and 6.
In line with Hypothesis 3, we found that EF difficulties were positively directly associated with behavioral problems at the same ages. Additionally, child behavioral problems at age 4 were directly associated with EF difficulties at age 6. However, EF difficulties at age 4 did not have a direct association with child behavioral problems at age 6; instead, they had an indirect relationship mediated by reduced positive parenting behaviors at age 6. On the other hand, EF difficulties at age 6, were directly associated with behavioral problems at age 9.
According to Hypothesis 4, EF difficulties at age 6 had a direct negative relationship with resilience at age 9. Additionally, EF difficulties at ages 4 and 6 were indirectly associated with self-regulatory efficacy at age 9, mediated by lower resilience. EF difficulties at both ages also had indirect relationships with child behavioral problems at age 9, mediated by reduced resilience and lower self-regulatory efficacy at age 9, or by increased behavioral problems at ages 4 and 6.
Positive parenting behaviors at ages 4 and 6 had indirect relationships with resilience and child behavioral problems at age 9, mediated by lower EF difficulties and fewer behavioral problems, respectively, at earlier ages. On the contrary, reduced positive parenting behaviors at ages 4 and 6 were indirectly associated with behavioral problems at age 9, through pathways involving increased EF difficulties at ages 4 and 6, reduced resilience, and lower self-regulatory efficacy at age 9, or through behavioral problems at ages 4 and 6. Similarly, positive parenting behaviors at ages 4 and 6 were indirectly associated with self-regulatory efficacy at age 9, mediated by lower EF difficulties at earlier ages and higher resilience at age 9.


Discussion
To our knowledge, this is the first study to longitudinally explore the intricate relationships between executive function and parenting behaviors during early childhood, and their subsequent impacts on resilience, self-regulatory efficacy, and behavioral problems in school-age children. In particular, we investigated these relationships within a single model, taking into account various confounding factors, including age, sex, primary caregiver, and maternal education. Our main findings revealed that EF difficulties at ages 4 and 6 exhibited direct and indirect relationships with decreased resilience, decreased self-regulatory efficacy, and increased behavioral problems at age 9. Concurrently, positive parenting behaviors at ages 4 and 6 were indirectly associated with enhanced resilience, heightened self-regulatory efficacy, and reduced behavioral problems at age 9. These associations were mediated through the alleviation of EF difficulties and fewer behavioral problems during the preschool years. Consistent with our hypotheses, individuals exhibiting decreased EF difficulties and those nurtured by parents who demonstrated positive parenting behaviors since preschool showed elevated levels of resilience, self-regulatory efficacy, and fewer behavioral problems during their school years. Although the existing literature has focused on the correlation between EF difficulties and reduced resilience in individuals exposed to adverse childhood experiences and the underserved population [19–21, 44, 45], our study extends these findings to a cohort primarily consisting of individuals of middle to high socioeconomic backgrounds, with fewer instances of early life adversities. Therefore, our results underscore the critical importance of fostering the development of EF during the preschool period, even among children with a lower risk of adverse childhood experiences, as it can significantly improve resilience in typically developing school-age children.
Our finding on the association between EF difficulties and reduced self-regulatory efficacy in healthy individuals aligns with previous research conducted among individuals with attention and EF problems, as well as learning disabilities [24, 26]. This consistency may be attributed to the evaluation of self-regulatory efficacy in academic tasks and school-related activities in our study, which encompassed various components of EF, including attention and interference control, executive function, and emotion regulation [24]. Furthermore, the moderate to strong correlation observed between self-regulation and resilience in previous studies [21, 45], as well as in our own findings, suggests that individuals with greater resilience demonstrate a greater ability to adapt their behaviors in response to challenges, particularly within academic settings. Therefore, an indirect relationship between EF difficulties during preschool and decreased self-regulatory efficacy in school-age children observed in this study could be explained by a mediation pathway through lower resilience, consistent with findings from another cross-sectional study [21]. Overall, these results underscore the intricate interplay between EF, self-regulatory efficacy, and resilience, highlighting the importance of addressing EF difficulties early in life to promote better resilience and self-regulation in school-age children.
Unsurprisingly, EF difficulties were directly associated with child behavioral problems at the same age [37, 38]. Furthermore, behavioral problems in children at 4 years of age were directly related to EF difficulties at 6 years of age, and this latter variable was also associated with child behavioral problems at age 9, suggesting a bidirectional relationship between child behavioral problems and EF difficulties across development. As expected, positive parenting behaviors during preschool had direct negative relationships with EF difficulties and behavioral problems at the same age, consistent with previous studies [8, 27, 36]. However, these relationships were stronger for positive parenting behaviors and decreased EF difficulties compared to the association between positive parenting styles and fewer behavioral problems. These patterns were also more pronounced at age 4 than at age 6. Similarly, the relationship between EF difficulties and child behavioral problems at the same age was more robust at age 4 than at age 6. Previous research also demonstrated a significantly stronger association between parenting behaviors and EF, as well as behavioral problems in younger children than in older ones [8, 27, 36]. These discrepancies during early preschool and the transition from preschool to school age may be due to developmental changes in both parenting behaviors and the ability of children to regulate behavior. Parenting strategies often evolve as children grow and adapt to the developmental needs of the child. For instance, younger children (around age 3 to 4) commonly exhibit typical oppositional behaviors, which can prompt parents to employ more structured and directive strategies to manage such behaviors. These strategies may have a more immediate impact on both EF and behavioral outcomes during early childhood. By the time children reach early school age, factors such as increased cognitive maturity, school experiences, peer influence, and improved self-regulation often reduce the direct influence of parenting behaviors on EF and behavioral outcomes. As children gain greater self-control and cognitive flexibility, they become more capable of understanding and internalizing parental expectations, which may contribute to the weaker associations observed in the older age group. This developmental perspective underscores the importance of early positive parenting interventions aimed at fostering EF and behavioral regulation during the preschool years, when parenting behaviors may exert a stronger influence on developmental outcomes.
In addition to the relationship between positive parenting behaviors and decreased EF difficulties observed in this study, EF difficulties at age 4 were found to have a direct negative relationship with positive parenting behaviors at age 6. This finding highlights the potential bidirectional relationship between EF and parenting, as reported in previous literature [8]. Furthermore, similar associations between EF difficulties and disruptions in parenting behaviors have been observed in children with excessive screen media use, further supporting this bidirectional framework. Studies have shown that increased and inappropriate exposure to screen media in early childhood is associated with a decrease in positive parenting behaviors over time, and vice versa [34–36]. For example, longitudinal data have indicated that greater screen time in early childhood can disrupt parent–child interactions, leading to less parental responsiveness and warmth [34, 46]. This disruption may, in turn, contribute to a reduction in positive parenting practices as children grow. Additionally, excessive and inappropriate use of screen media is associated with poor self-control and EF difficulties, further compounding these negative effects [47–49]. Therefore, the supporting evidence from previous research and our study underscores the importance of a positive parenting style as a crucial factor in promoting greater resilience, improved self-regulatory efficacy, and reduced problematic behaviors, including optimal use of screen media, in school-age children. These effects were mediated by the attenuation of EF difficulties and fewer behavioral problems during the preschool years. This finding is consistent with previous literature that has consistently highlighted the importance of secure attachment relationships, synchronization within parent–child relationships, the provision of stable environments, and effective caregiving and parenting to foster resilience, improve self-regulation, and promote positive behaviors in children [18, 19, 27, 32, 45].
Moreover, the quality of the early child rearing environment has been identified as a positive determinant of the development of EF and well-regulated behaviors later in life [27, 36, 50]. Positive parenting behaviors, including warmth, sensitivity, responsiveness, affect, positive regard, support, and physical proximity, as well as cognitive parenting behaviors, such as scaffolding, autonomy support, and cognitive stimulation, were associated with higher EF in children aged 0–8 years. In contrast, negative parenting behaviors, including control, intrusiveness, negative regard, negative affect, and detachment, predicted lower EF [27]. The PSDQ short version used in this study assessed three parenting styles: authoritative (warmth and support, reasoning, and autonomy granting), authoritarian (physical coercion, verbal hostility, non-reasoning, and punishment), and permissive (indulgence) parenting style. Consistent with previous meta-analytic findings [27], our results reaffirm that components of increased authoritative and reduced authoritarian parenting styles were associated with higher EF. However, our study further highlights the importance of reducing permissive parenting behaviors (e.g., difficulty disciplining the child, spoiling, and giving in to the child’s demands) to better support the development of EF in children. Various parent training programs have been shown to be instrumental in enhancing parents’ self-efficacy, parenting sense of competence, and ameliorating parental mental health problems [51–53]. Importantly, these programs have been associated with reductions in both behavioral and emotional problems in children, ultimately improving parent–child relationships [51, 52]. In light of these findings, it is imperative to consider positive parenting programs as primary interventions in primary pediatric settings from early childhood onward [51]. By addressing parenting practices and supporting parental skills early on, such programs have the potential to not only improve resilience and self-regulatory efficacy, but also mitigate behavioral problems in children during their school years, thus fostering healthier parent–child relationships and promoting overall well-being.
Several limitations must be acknowledged in this study. First, our participants were drawn from a middle to high socioeconomic status within the Thai context, thus limiting the generalizability of our findings to populations of diverse backgrounds. However, similar patterns of relationships have also been observed in children of low socioeconomic backgrounds in a previous study [20], indicating the potential value of our findings in extending understanding across varying contexts with differing levels of early life adversities. Second, the reliance on parent self-reporting to assess parenting behaviors, EF difficulties, and behavioral problems, without observational data, can introduce recall and social desirability biases, as well as a high risk of shared method variance. To mitigate these concerns, self-report data were collected from either parent across multiple time points rather than from a single respondent. Parents were considered reliable informants due to their close and consistent involvement in their child’s development, providing valuable insight into both parenting practices and child behaviors. Therefore, parent-reported data remained essential. The use of data collected across multiple time points, along with moderate to high correlations observed over time, further strengthens the reliability of the findings. Additionally, the incorporation of children’s perspectives through interviews to evaluate resilience and self-regulatory efficacy could have provided unique insights distinct from those of parents. Overall, the longitudinal design of the study, the use of multiple data sources, and the implementation of widely validated questionnaires with different response formats further reduce the likelihood of shared method variance. However, the authors acknowledged potential differences between self-reported parenting measures and observational assessments, as well as possible discrepancies between parent-reported EF-related behaviors and EF performance on cognitive tests. To gain a more nuanced understanding of the relationship between parenting and EF, future studies should consider these factors. Third, the self-regulatory efficacy questionnaire primarily focused on self-regulation within academic tasks and school-related activities, particularly in terms of attention and interference control, executive function, and emotion regulation [24]. Future studies should consider exploring the efficacy of self-regulation in various settings of children’s lives. Fourth, while our findings offered insight into the complex and directional relationships between variables, it is important to note that the causation could not be definitively established due to the longitudinal nature of the study. Fifth, other factors, such as verbal ability, which are typically considered when examining the relationship between parenting and EF, were not measured in this study [54].
Despite these limitations, the strengths were established in its longitudinal cohort design, which facilitated the exploration of complex and long-term associations between EF and parenting behaviors during early childhood, and subsequent outcomes, including resilience, self-regulatory efficacy, and behavioral problems in school-age children. Furthermore, adjustments for several possible confounders, including age, sex, primary caregiver, and maternal education, improved the robustness of our findings.

Conclusions
In summary, our findings suggested that lower EF difficulties and positive parenting behaviors during preschool were associated with enhanced resilience, improved self-regulatory efficacy, and reduced behavioral problems in school-age children. Interventions aimed at promoting the development of EF, fostering positive parenting practices, and addressing behavioral problems during early childhood have the potential to improve resilience, promote self-regulatory efficacy, and mitigate behavioral problems as children progress through school age.
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