

[image: image1]
Preschoolers’ executive function: effect of the duration of preschool attendance and quality of teacher-child interactions









 


	
	
BRIEF RESEARCH REPORT
published: 25 July 2024
doi: 10.3389/feduc.2024.1421037








[image: image2]

Preschoolers’ executive function: effect of the duration of preschool attendance and quality of teacher-child interactions

Margarita Gavrilova1, Aleksandra Karimova2, Oksana Solopova2, Aleksander Veraksa1 and Anastasia Yakushina1*


1Faculty of Psychology, Lomonosov Moscow State University, Moscow, Russia

2Faculty of History, Lomonosov Moscow State University, Moscow, Russia

Edited by
 Sara Schmitt, University of Oregon, United States

Reviewed by
 Vanessa Arán Filippetti, National Scientific and Technical Research Council (CONICET), Argentina
 Luis Quintanar, Autonomous University of Tlaxcala, Mexico
 Ana Baltazar, National Autonomous University of Mexico, Mexico
 Lilia Mestas, National Autonomous University of Mexico, Mexico

*Correspondence
 Anastasia Yakushina, anastasia.ya.au@yandex.ru 

Received 21 April 2024
 Accepted 15 July 2024
 Published 25 July 2024

Citation
 Gavrilova M, Karimova A, Solopova O, Veraksa A and Yakushina A (2024) Preschoolers’ executive function: effect of the duration of preschool attendance and quality of teacher-child interactions. Front. Educ. 9:1421037. doi: 10.3389/feduc.2024.1421037
 

The aim of this study was to determine the role of duration of preschool attendance and the quality of teacher-child interactions in the executive functions development of preschoolers. The study involved 947 children (51% girls) age 4–7 years (M = 70.3 months; SD = 4.3). The number of children attending kindergarten for less than 1 year was 144; 268 children (28.3%) had attended for 1 to 2 years; and 535 children (56.5%) had attended for more than 2 years. The results showed that the children who attended a group with a high quality of teacher-child interaction for one or more years had better results on verbal work memory, and cognitive and physical inhibitory control than those who attended the same group over a shorter period.
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1 Introduction

Executive functions (EF) are a group of cognitive processes that provide the ability to adapt to new situations and exert behavioral control (Diamond, 2013; Morosanova et al., 2022; Silva et al., 2022). These processes include three core components: working memory (retaining and using information, both visual and verbal); cognitive flexibility (the ability to switch between rules, tasks, and stimuli), and inhibitory control (resisting habits, temptations, or distractions; Miyake et al., 2000). EF development is most active during the preschool years and becomes crucial to a child’s later performance (Anderson, 2001; Zelazo and Müller, 2002).

There is a large amount of research-based evidence demonstrating the positive impact of EF on children’s school adjustment and academic skills such as reading performance, language comprehension, math performance, and problem solving (Bull et al., 2008; Clements et al., 2016; Cortés Pascual et al., 2019; Oshchepkova and Shatskaya, 2023). Studies confirm that children with higher levels of EF are more successful in school compared to less EF- developed children (Cortés Pascual et al., 2019). The high importance of EF for academic success, starting in early childhood, increases interest in understanding the factors that contribute to their development.

One of the most important factors determining cognitive development in children is their social environment. In accordance with this, kindergarten attendance becomes one of the significant variables of EF. Research findings have associated this with the fact that the kindergarten environment provides opportunities for communication with peers, interaction with different tools, and role-playing behavior (Vandell et al., 2010; Ghardashi et al., 2013; Hall et al., 2013; Sylva et al., 2014; Dean and Jayachandran, 2019). Furthermore, in modern kindergarten, children learn foreign languages, take music and dance classes, and practice sports (Veraksa et al., 2019). A growing body of evidence shows that these activities improve working memory, inhibitory control, and flexibility, the main components of EF (Howard et al., 2018; Chichinina et al., 2022; Dolgikh et al., 2022; Furley et al., 2023).

Among the most important factors that can influence children’s cognitive development in kindergarten is the quality of teacher-child interactions. According to Hamre and Pianta (2007), the main dimensions of teacher-child interaction include emotional support, classroom organization and instructional support. The results of longitudinal and cross-sectional studies have shown that this factor has a long-term impact on EF in preschoolers (Williford et al., 2013, 2016; Veraksa A. N. et al., 2020). According to the cultural-historical approach, this is since the teacher is a bearer of social rules, and an example of volitional actions (Vygotsky, 1982; Veresov, 2012). Thus, a child’s ability to develop cognitive skills (including EF) depends on the opportunities provided by the adult during joint interaction (Pianta et al., 2008).

However, it is important to note that the data on the role of duration of preschool attendance and the quality of teacher-child interaction in children’s cognitive development are contradictory and not always empirically supported (Burchinal et al., 2010; Weiland et al., 2013; Hill et al., 2015; Gong et al., 2016). Moreover, there are practically no studies that examine the joint effect of these indicators on the EF in preschool children.



2 Current study

This study was aimed to explore the role of duration of preschool attendance and quality of teacher-child interactions in EF development of preschoolers. It is important to note that attending kindergarten is not obligatory for children in Russia. This makes the question of the role of kindergarten attendance in children’s cognitive development especially relevant.

The study covered the following research questions: (1) How does the duration of preschool attendance impact EF? and (2) What relationships between the quality of teacher-child interaction and duration of preschool attendance is most effective for building of EF skills?



3 Materials and methods


3.1 Procedure

Data were collected between March and May 2023, while the children were attending senior groups of municipal kindergarten in Moscow, Kazan, and Sochi. All the EF tests were performed during three individual meetings with each child (each lasting 20–25 min) in a quiet room in the kindergartens. The interval between meetings was 1 or 2 weeks. Classroom observations of teacher–child interactions were conducted in live situations during the spring of 2023 by one certified specialist in the CLASS method.

The study was approved by the Ethics Committee of the Faculty of Psychology at Lomonosov Moscow State University (approval No: 2023/8).



3.2 Participants

The study involved 947 children (51% girls) age 4–7 years (M = 70.3 months; SD = 4.3). The children attended kindergartens in Moscow (73.9%), Kazan (13.5%), and Sochi (12.6%). The children’s kindergarten attendance periods ranged from 2 to 56 months (Mage = 27.3; SDage = 11.8). All the kindergartens were public and education in them was free. In all studied groups there were approximately the same number of children (about 30) and 1 or 2 teachers. All kindergartens adhered to the same educational program, “From Birth to School.” This programme is implemented in the context of different types of children’s activities: play, communication, project activities, creative activities (drawing, music, reading; Veraksa et al., 2019). All children attended the senior kindergarten group. All parents were informed about the aims of the study and gave written consent for their children’s involvement in the research.



3.3 Measures


3.3.1 EF skills measures

To assess the development of the children’s EF, subtests of the NEPSY-II (Korkman et al., 2008) were used. The reliability of the tools used to assess EF has been tested on more than 1,300 preschoolers from Russia (Veraksa A. et al., 2020).


3.3.1.1 Verbal working memory

To study verbal working memory, the “Sentences Repetition” (SR) subtest of the NEPSY-II was used. The subtest consists of 17 sentences, which are presented in gradually increasing difficulty (in the length and grammatical) with the task to remember and repeat them. The instructor pronounces them at a calm pace. The child has to repeat the sentence after the instructor. For each correctly repeated sentence, a child receives 2 points; if he/she made 1–2 mistakes while repeating (e.g., such as skipping, replacing, or adding words, changing the order of words), he/she gets 1 point; if, however, a child makes 3 or more mistakes or does not answer at all, then he/she is awarded 0 points.



3.3.1.2 Visual working memory

To study the children’s visual working memory and visual–spatial orientation, the NEPSY-II “Memory for Designs” (MfD) subtest was used. In this the child is presented with images with pictures located on the field for 10 s, after which the image is removed from the field of vision, and the child is asked to choose from the proposed cards (including tractor cards) those that he/she has seen before and place them in the part of the field (cell) where they were on the sample. The technique includes four samples, in which the number of cards increases from 4 to 8 on one field. At the end of the test the child receives points for content (for each correctly chosen card), location (for any card placed in the same cell as on the sample), and bonus points (for a correctly chosen card placed in the same cell as on the sample). The total score of visual working memory is the sum of the scores of the listed indicators.



3.3.1.3 Reactive cognitive flexibility

The Dimensional Change Card Sort (DCCS; Zelazo, 2006) was used to assess the children’s reactive cognitive flexibility. The DCCS includes three tasks for sorting cards. In the first task the child has to sort the cards by color; in the second, by shape, and then follow a complex rule: if a card has a black border, he/she has to sort it by color, and if there is no border, by shape. In each type of sorting, there are differences between the cards being sorted and the basis for sorting (e.g., when cards are sorted by color, the shape does not match, and vice versa). For each correctly sorted card, the child is awarded 1 point. At the end, the total number of points for each task and then the total score for all tasks is calculated.



3.3.1.4 Cognitive inhibition

The “Inhibition” subtest of the NEPSY-II was used for assessment of cognitive inhibition. The subtest consists of two blocks: a series of white and black figures (circles and squares) and a series of arrows with different directions (up and down). Two tasks are carried out with each series of pictures: the task of naming figures (in this case a child simply has to name the figures that s/he sees as quickly as possible) and the task for inhibition (in this case a child is supposed to say the opposite of what they see; for example, if she/he sees a square, she/he has to say “circle,” etc.). Each task is scored by the number of errors the child makes, the number of errors corrected or uncorrected, and the amount of time the child spends on the task. Based on the results obtained in each series, as well as the exact age of the children in months, integrated scores for information processing speed and cognitive inhibitory control are calculated.



3.3.1.5 Physical inhibition: statue

The “Statue” subtest of the NEPSY-II is aimed at measuring inhibition and self-control of bodily movements. In this task, a child needs to stand motionless in a certain position for 75 s, without being distracted by external sound stimuli. For each 5-s interval three types of mistakes are recorded (i.e., movements, the opening of the eyes, and vocalizations). The child receives points from 0 to 2 for the successful completion of the task (maximum 30 points); 2 points if he/she does not make a mistake during a 5-s interval; 1 point if child makes one type of mistake; and 0 points if the child makes 2 or more types of mistakes.




3.3.2 Teacher-child interaction

The quality of teacher-child interaction in kindergarten was measured using the Classroom Assessment Scoring System (CLASS, Pre-K; Pianta et al., 2008; Bukhalenkova and Almazova, 2022). This method requires at least four 30-min cycles of observation of the children in a group (total duration = 120 min/class). The CLASS method assesses classroom experience in three domains: Emotional Support (Cronbach’s alpha = 0,755;), Classroom Organization (Cronbach’s alpha = 0,674), and Instructional Support (Cronbach’s alpha = 0,855). Emotional support is a composite measure of four dimensions: positive and negative climate, teacher sensitivity, and regard for students’ perspectives. Classroom Organization includes measures of three dimensions: behavior management, productivity, and instructional learning formats. Instructional Support includes three dimensions: concept development, quality of feedback, and language modeling. All the dimensions are evaluated using a 7-point Likert scale. From the points received in each dimension, three domain scores are calculated.



3.3.3 Duration of preschool attendance

Duration of preschool attendance of each child was recorded in months. The data were collected according to the register of children’s stay in preschool. The teacher did not change during the child’s attendance in the kindergarten. In the framework of this study, we assumed that the kindergarten environment had not changed.





4 Results

The distribution in the sample was mixed (Shapiro–Wilk test). The results of diagnostics of children’s EF corresponded to the age norms defined earlier on the basis of a study of older Russian preschoolers (Veraksa A. et al., 2020).


4.1 Duration of preschool attendance and EF skills

In the first step of statistical analysis, the following three groups were identified: 144 children (15.2% of the sample) had attended kindergartens for less than 1 year; 268 children (28.3%) for 1 to 2 years; and 535 children (56.5%) for more than 2 years.

Then the ANOVA was used to examine the role of duration of preschool attendance in the children’s EF (Welch criterion). As a result, significant differences in the level of development of verbal working memory (F = 9.055, p < 0.001) and physical inhibitory control (F = 4.9, p = 0.008) were revealed depending on the children’s kindergarten attendance period. There was no significant difference for the reactive cognitive flexibility. The analysis of a posteriori differences (Gaims-Howell criterion) revealed that:

• verbal working memory levels were significantly lower in children who attended kindergarten for less than 1 year compared to children with longer attendance periods;

• physical inhibitory control was also significantly lower in children who attended kindergarten for less than 1 year compared to children with longer attendance periods.



4.2 The quality of teacher-child interaction and of duration of preschool attendance

An ANOVA was conducted to test the hypothesis that the children’s EF development would be influenced not only by the quality of teacher-child interaction itself, but by the period of time the child spent in that environment.

At first, a cluster analysis of the results in the CLASS assessment was carried out (using the K-means method). It allowed us to identify three groups with low, medium, and high levels of teacher–child interaction (Table 1). The groups all had significant differences in all CLASS domains (the Welch criterion, p ≤ 0.001).



TABLE 1 Results of CLASS domains and dimensions assessment.
[image: Table1]

The first group included children (N = 363) with low indicators of emotional support, classroom organization, and instrumental support in the group. The indicators of emotional support and classroom organization according to the norms of the methodology were at an average level. The second group of children (N = 460) was characterized by average indicators of teacher-child interaction in the group relative to the sample. Here all indicators corresponded to the average level according to the norms of the methodology. The third group (N = 180) included children in whose groups the interaction between teacher and children was at a high level. The indicators of emotional support and classroom organization here corresponded to a high level according to the norms of the methodology, but instrumental support was at an average level.

At the next stage, using the clusters obtained previously, we used bifactorial ANOVA to analyze the joint effect of kindergarten attendance period with the teacher-child interaction on the level of EF (Table 2). It is important to note that there were no significant differences in EF development depending on the quality of teacher-child interaction alone.



TABLE 2 Joint effect of the kindergarten attendance period and teacher-child interaction quality on the level of EF.
[image: Table2]

A significant joint effect of duration of preschool attendance, and the quality of teacher–child interaction on the development of verbal working memory, and cognitive and physical inhibitory control, was found. There was no significant difference for the reactive cognitive flexibility. The analysis of a post-hoc comparisons (Games-Howell criterion) found pairwise differences for a number of indicators. Children in groups with a high level of teacher–child interaction with a longer kindergarten attendance period demonstrated higher indicators of a verbal working memory, and cognitive and physical inhibitory control relative to the children in groups with a high level of teacher-child interaction, but a shorter period of kindergarten attendance.




5 Discussion


5.1 Duration of preschool attendance and EF

The first research question of the present study was to determine the role of duration of preschool attendance on the EF development of preschoolers.

The analysis revealed significant differences in the level of development of verbal working memory and physical inhibitory control depending on the children’s kindergarten attendance period. The results showed that children with less than a year of kindergarten attendance period performed more poorly on verbal working memory than children attending kindergarten for a year or more. Such results can be explained by the fact that for the interaction with peers and teachers, children need to memorize important information and use it in the future; thus their capacity of verbal working memory increases. Moreover, activities that a child attending kindergarten is involved in may also contribute to the development of verbal memory. For example, singing, reading, or learning a foreign language lead a child to use more of his/her verbal working memory to successfully learn the material (Weiland et al., 2013; Shoghi Javan and Ghonsooly, 2017; Frolli et al., 2022).

Our study also showed differences in physical inhibitory control depending on the kindergarten attendance period. Children who had attended kindergarten for more than a year were better able to control their behavioral impulses and to restrain them if the situation required it. This is due to the fact that the kindergarten environment is oriented towards the child’s socialization and promotes the internalization of behavioral norms (Vygotsky, 1982). Learning the norms implies understanding the appropriateness of one’s actions in specific situations and the need to suppress impulsive desires and urges. In addition, interaction with peers in kindergarten often takes place in play. Through the playful reproduction of everyday life actions (e.g., role-playing situations at the store, in the family, at school, etc.), preschoolers learn the behavioral rules for different situations, which implies control of one’s behavior (Pinto et al., 2013; Hamre et al., 2014; Yudina, 2022).



5.2 The joint effect of the quality of teacher-child interactions and duration of preschool attendance in the EF

The second research question was to determine the most effective relationship between the quality of teacher-child interactions and kindergarten attendance period for EF.

The study revealed the joint effect of kindergarten attendance period and teacher-child interaction quality on the development of verbal working memory, and cognitive and physical inhibitory control. It was shown that children who attended a group with a higher quality of teacher–child interaction for more than a year had better results on verbal working memory and physical inhibitory control measures than those who attended a similar group for less than a year. In addition, children who attended the group with high teacher–child interaction quality for 1 to 2 years showed better results in cognitive inhibitory control test than those who attended the group with medium teacher–child interaction quality over the same attendance period.

The longer a child had attended a group with high level of teacher-child interaction quality, the better the child’s voluntary control of his or her own activities. According to previous findings, regular positive feedback and emotional support from the teacher contribute to a child’s EF (Duval et al., 2016; Bukhalenkova et al., 2022). In addition, the classroom organization and daily routine arrangement contribute to the result that the children adapt to the kindergarten environment and learn to control their own behavior.

It is interesting to note that our study did not find significant differences in the level of development of EF in children who attended kindergarten for less than a year depending on the level of teacher-child interaction quality. We assumed that this was due to the fact that not only the environment itself is important for the child’s cognitive development, but also the child’s readiness to perceive the environmental conditions. Before teacher-child interaction begins to play a role in children’s cognitive development, the child has to have adapted to the kindergarten environment and teachers.

Finally, a number of important limitations need to be considered. Our study did not consider family factors: socioeconomic status, the quality of parent–child interactions, and the quality of the home environment. These can all potentially influence EF. In addition, it seems important to trace the extracurricular activities of the children in future studies.




6 Conclusion

This study set out to determine the importance of duration of preschool attendance and the quality of teacher-child interactions in the EF development of preschoolers. The significance of the kindergarten attendance period in the development of working memory and physical inhibitory control, both key components of EF, was underscored. The second major finding was that the children who attended a group with a high level of teacher-child interaction for more than a year had higher scores on EF. Thus, it was not only the kindergarten environment itself which was relevant, but also the duration of the preschoolers’ stay there. For further research, it would be interesting to assess the longitudinal effects of kindergarten attendance period and the quality of teacher-child interactions on the EF of preschoolers.

The results are of practical significance for teachers and parents. For parents, the results can help them to make a decision to enrol their child in kindergartens, especially in Russia, where this period is not obligatory for children. For teachers they demonstrate the necessity of better professional preparation of teachers in kindergartens.
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