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Methods: Sclf-regulation was assessed with an observa-

this might be associated with children's executive functions

tional measure in teacher-led and child-led activities within
naturalistic classtoom settings. Children's EFs were as-
sessed with direct assessments at the start and end of the
school year.

Results: Linear mixed-effect models showed that children
demonstrated higher levels of self-regulation in child-led in
comparison with teacher-led activities. Children with higher
levels of EFs at the start of the school year showed less vari-
ation across teacher-led and child-led activities in compari-
son with children with lower levels of EFs. Regarding other
aspects of the classroom context, neither the group size in
which the activity took place nor which school subject it was
focused on were associated with children's self-regulation.
However, in teacher-led activities the type of interaction
involved in the activity and the type of task influenced chil-
dren's self-regulation.

Conclusion: These results suggest that children who start
school with higher levels of EFs are more able to adapt to
different situations, highlighting the importance of foster-
ing these skills in early childhood. In turn, children with
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lower levels of EFs may need additional support from teach-
ers to remain self-regulated across different contexts.
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executive functions, intra-individual variability of self-regulation, self-

regulation

INTRODUCTION

Young children have a wide range of experiences in a typical day at school. These may include cir-
cle time where children join in teacher-led activities, free play where children decide on activities by
themselves, as well as emotionally taxing situations such as when another child takes a desired toy.
Across the day children need to pay attention, make plans, and keep their emotions in a balanced state,
relying on a skillset commonly referred to as self-regulation (McClelland & Cameron, 2012). While
self-regulation is generally assumed to be a stable skill within a child, recent work suggests that chil-
dren's self-regulation can vary across situations (McCoy et al., 2022; Timmons et al., 2016; Zachariou
& Whitebread, 2022). Little is known about factors that might be associated with this variation. In the
current study, we explore the variation of children's self-regulation across typical classroom activities.
Further, we investigate how individual differences in children's executive functions (EFs), higher order
cognitive skills consisting of three components (working memory, inhibitory control, shifting) which
support self-regulation (Hofmann et al., 2012), impact their ability to successfully self-regulate across
different situations.

Self-regulation is the ability to flexibly regulate internal states such as emotions or cognition as
well as outwardly noticeable states such as behaviour in response to situational or contextual demands
(Nigg, 2017). Self-regulation is important for paying attention in class, adapting to the demands of
different activities, and keeping emotions in a balanced state (Blair & Raver, 2015; Rimm-Kaufman
et al., 2009); as such, self-regulated children are ready to learn (Blair, 2002). During the preschool years
children's self-regulation develops rapidly (McClelland & Cameron, 2012). Furthermore, children from
high socioeconomic backgrounds tend to outperform their counterparts from more disadvantaged
family backgrounds in measures of self-regulation (e.g., Crook & Evans, 2014; Evans & Kim, 2013;
Hackman et al., 2010, 2015). Aspects such as parental scaffolding or structured family routines are pos-
itively associated with children's regulatory behaviour (Bernier et al., 2010; Berry et al., 2016; Hughes
& Ensor, 2009). In sum, there is ample empirical evidence that self-regulation is crucial for children's
learning and development and that distal contextual factors (i.e., family background) give rise to inter-
individual differences in this skillset.

At the same time, there is little evidence about how children's self-regulation might vary from mo-
ment to moment. One reason for this might be the types of measurement approaches traditionally
applied in this field. Direct assessments, such as the Head-to-Toes (Cameron Ponitz et al., 2008) or
delay of gratification tasks (Mischel et al., 1989), are administered in lab-like environments where extra-
neous influences are kept to a minimum and typically repeated measures are averaged. In adult reports,
teachers or parents provide a general evaluation of children's self-regulation (McCoy, 2019; Obradovic
et al., 2018), usually not related to specific activities or situations. By design, both direct assessments
and adult reports of self-regulation gloss over variation across situations. In contrast child observa-
tions can be used to assess variations in children's self-regulation in different situations as they occur
(McCoy, 2019). In particular, every day in their classrooms, children are confronted with a variety of
situations that might systematically elicit varying levels of self-regulation.

Many early years classrooms are characterized by a mix of teacher-led learning activities and play-
based workstations that children explore in a child-led fashion (Early et al., 2010; Goble & Pianta, 2017).
Teacher-led and child-led activities may make different regulatory demands on children. In teacher-led
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activities, all children in the classroom follow the instructions of the teacher. Children have to put
aside their individual impulses to join in with the group. In contrast, in child-led activities, children
have to manage their own behaviour and make choices about the activities they engage in (Goble &
Pianta, 2017).

Empirical evidence suggests that children's self-regulation varies as a function of who is leading
the activity. Whitebread et al. (2007) coded instances of self-regulation in 3- to 5-year-olds and found
that children displayed relatively more regulatory behaviour in child-led activities in comparison
with teacher-led activities. These findings are in line with Robson (2016a, 2016b) who observed 4- to
5-year-old children in their naturalistic classtoom environment and found that children demonstrated
more instances of self-regulation in child-initiated situations where teachers were absent in comparison
with teacher-led situations where teachers were present. Similarly, Zachariou and Whitebread (2022)
showed that 6- to 8-year-old children expressed numerically more instances of self-regulation in child-
initiated and led musical activities in comparison with those that were teacher-initiated and led. More
recently, McCoy et al. (2022) used a different coding approach and rated children's successful self-
regulation. They explored intra-individual differences of children's observed self-regulation across
teacher- and child-led classtroom activities and transitions. They found that children's levels of observed
self-regulation were lower in teacher-led and child-led activities in comparison with transitions (McCoy
et al,, 2022). Taken together, it appears that there is variation of children's self-regulation across class-
room situations. However, there is no clear pattern that indicates whether children are better able to
self-regulate in activities initiated by the teacher or by themselves.

One possible reason for these mixed findings is that teacher-led and child-led activities are usually
conflated with other classroom context variables (e.g., group size, type of interaction, type of task,
school subject), all of which might also influence children's ability to self-regulate. In teacher-led activ-
ities, children often work in structured whole class settings (e.g., listening to a story) or in small groups
(e.g., completing a worksheet or writing at a workstation) on tasks that tap the more core school subjects
such as literacy and mathematics (Early et al., 2010). In child-led activities, children often work inde-
pendently or in small groups in relatively unstructured ways and their tasks may tap into a wider range
of school subjects for example also including the arts. In teacher-led activities children may more often
listen to the teacher or engage in a group discussion which involves listening and talking, whereas in
child-led activities, children may be more likely to collaborate with peers or work independently.

Some previous studies can provide insights into how such classroom context variables might affect
children's self-regulation. For instance, teachers' ability to scaffold children's self-regulation by adjusting
the activity or by providing external supports may be affected by group size. This has been indicated
by Puntambekar (2022) who proposed that scaffolding is more effective when teachers interact with
individual children or a smaller group of children (Puntambekar, 2022). Timmons et al. (2016) also
assessed kindergarteners' ability to successfully self-regulate in different classroom situations (whole
group, small group, play, and transitions). Their results indicated the highest self-regulation scores when
children were in small groups, followed by play, whole group, and transitions (Timmons et al., 20106).
Working in small groups may also pose specific self-regulatory challenges as children may experience
that their own goals deviate from the goals of their peers and that they are required to share, negotiate
roles, and collaborate (Fisher et al., 2010). Whitebread et al. (2007) also examined group size and found
that children showed more instances of regulation when they worked in pairs, followed by small groups
and whole class. The previously mentioned study by Zachariou and Whitebread (2022) applied a similar
coding approach to Whitebread et al. (2007) and coded the frequency of regulatory behaviour of the
same 6- to 8-year-old children in musical play activities taking place in different group sizes and with
varying levels of teacher involvement. They found most instances of regulatory behaviour during play
in pairs, followed by individual play and group play (Zachariou & Whitebread, 2022). It is important to
note that both studies assessed instances where attempts to self-regulate were apparent, not considering
if children's self-regulatory behaviour was successful. Taken together, children's self-regulation may be
influenced by classroom context variables such as group size, type of interaction, type of task, and sub-
ject. However, more evidence is needed before firm conclusions can be drawn.

d ‘€ $TOT "6LT8YFOT

ssdny wouy

sdiy) SuompuO) pue suwd | s 998 “[#70Z/Z1/€0] U0 Axeiqr] duruQ Ao “Bingsdny [qigsioesIoan £q 00LT1dOLQ/ [ [11°01/10p/woo K1

Kol

951 suOWIWO)) dA1EaI) d[qear|dde oy Kq POIGACS AIE SAOIE YO O8N JO SI[MI 10) AIBIQY] QUIUQ AOJIA UO



998 | EBERHART £ AL

In addition to situational demands potentially eliciting varying levels of self-regulation in young
children, there may be individual differences in children's own cognitive skills that explain moment to
moment variations in self-regulation. As mentioned previously, EF skills support self-regulation (Blair
& Ursache, 2011; Hofmann et al., 2012). EFs are foundational cognitive skills that encompass the up-
dating of working memory, inhibitory control, and shifting (Miyake et al., 2000). Working memory is
important for keeping goals in mind while inhibitory control and shifting help to limit distraction and
to consider alternative ways to approach tasks or activities (Hofmann et al., 2012). Both cross-sectional
(e.g., Fuhs et al., 2015; Howard et al., 2021; McCoy et al., 2022) and longitudinal studies (e.g., Rimm-
Kaufman et al., 2009) show a general association between children's self-regulation and EFs. However,
to the best of our knowledge no study has assessed how these foundational cognitive skills, assessed
at the beginning and end of the school year, relate to variations in children's self-regulation in the
classroom from moment to moment. Children with higher levels of EFs might employ their working
memory, inhibitory control and shifting to adapt flexibly to a range of activities (whether teacher-led or
child-led) and their self-regulation might therefore be less impacted by situational factors. Conversely,
children with lower levels of EFs might find it more difficult to adapt to various activities (and perhaps
especially to structured teacher-led activities that they have not initiated); therefore, their self-regulation
might be more variable from moment to moment.

The present study

The present study measured children's EFs at the beginning and at the end of the school year with a
comprehensive task battery. At the end of the school year, children's self-regulation was assessed in a
naturalistic teacher-led and child-led activity. We assessed children's EFs at two timepoints because
ETs at this age change rapidly and we wanted to explore whether the EF skills on entering school and
at the end of the school year differently predict children's ability to self-regulate in different contexts.
The study addresses two research questions regarding the variation of children's self-regulation across
typical classroom activities: (1) Does children's self-regulation vary across typical classroom activities
(teacher-led vs. child-led)? (2) Are children's EFs associated with their self-regulation as observed in the
classroom? In additional exploratory analyses, we examined the influence of various classroom context
vatiables on children's self-regulation while participating in both teacher-led and child-led activities. No
previous study to the best of our knowledge has explored the contribution of EFs to explaining variation
in children's classroom-based self-regulation. A novel aspect of the present study is that it addressed this
question with children attending the first year of mandatory schooling in England (Reception class).

METHODS

Participants

age

28 classrooms across 14 schools in England. Teachers provided information on 129 children's spo-

We observed 148 4- and 5-year-olds (81 girls, 54.7%; M =56.73 months; SDWZ 3.49 months) in

ken languages and ethnicity using categories from the School Census 2017 and 2018 (Department
for Education, 2018). Of those 129 children, 68 children (52.71%) spoke English at home. Teachers
identified 24.44% as White British, 25.92% as White Non-British, 26.67% as Asian or Asian British,
5.19% as Black or Black British, 7.41% as Mixed/Dual background, 1.48% as Chinese, 4.44% as Any
Other ethnic group. No information was provided for a further 4.44%. Ten of the 14 schools were in
deprived areas according to the Multiple Deprivation Index (MDI), which is based on several indica-
tors of deprivation such as income deprivation, employment deprivation, crime, and barriers to housing
and services (MDI; Ministry of Housing, Communities, & Local Government, 2019), and 11 of the
schools were around or above the national average pupil premium level, which reflects the number of
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disadvantaged children who are eligible for free school meals (Department for Education, 2020). The
study was reviewed by the ethics committee of the University of Cambridge. On average we included
six children per classroom. Parents gave written consent and children gave verbal assent prior to data
collection. Children received stickers after each task and a small gift upon completion. Teachers received
a £15 voucher after study completion.

Materials
Self-regulation

The Regulation-Related Skills Measure (RRSM; McCoy et al., 2017) is an observational measure to
assess children's self-regulation in their naturalistic classroom environment. For this measure, each
child is videoed in two activities: once during the last 5min of a teacher-led activity and once during
the last 5min of a child-led activity. Teacher-led activities typically involve the whole class (e.g., reading
a story ot sounding out words/phonics) ot small groups of children (e.g., math exercises). In child-led
activities, children decide for themselves in what type of activities they want to engage (e.g., drawing,
reading, puzzles or role play) and with whom. Researchers rated children's self-regulation based on 16
items. The items tapped children's cognitive self-regulation (e.g., ‘Child pays attention to the activity at
hand’) and emotional self-regulation (e.g., ‘Child modulates emotional arousal or maintains appropri-
ate level of emotional arousal in response to classroom expectations (e.g., ‘gets excited or calms self
down’). Each item was scored on a 4-point scale whereby higher scores indicated more regulated be-
haviour. That is, the item could be rated as (1) ‘child consistently does ot show the behaviour, with few
exceptions’, (2) ‘child most of the time does #of show the behaviour, with exceptions’, (3) ‘child most of
the time does show the behaviour, with exceptions’ and (4) ‘child consistently does show the behaviour,
with few exceptions’. Some of the items have a ‘not-observed” option (e.g., ‘maintains focus during or
quickly returns focus after distuption/interruption’). That is, some items can only be scored if the child
experienced specific situations (e.g., a disruption or interruption). In the current data, there were eight
items for which many children (more than 50%) had no observations and therefore these items were
excluded from further analysis (see Table 1 for a list of all RRSM items and the items that were included
in the current analysis). Thus, two RRSM scores per child entered data analysis, one for teacher-led and
one for child-led activities, each of which consisted of the mean score of eight items (scores could range
between 1 and 4). Thirty percent of the teacher-led and child-led activities were coded by two independ-
ent coders who obtained acceptable inter-rater agreement (Cohen' kappa teacher-led =.74 and Cohen's
kappa child-led =.72).

Situation description

Additionally, coders completed a contextual checklist regarding group size (e.g., whole group, small
group, individual activity), type of interaction the child was predominantly engaged in (e.g., listen-
ing, talking, listening and talking [e.g., Q& A], collaboration), subject (e.g., arts, literacy, sciences, gross
motor, other [e.g., building blocks]), and type of task (e.g., games, pretend play, materials and manipu-
latives, worksheet). This information was used to categorize teacher-led and child-led activities and
classroom contexts.

FExecutive functions

The EF task battery consisted of five widely used EF tasks. A self-ordered pointing task, Spin the
Pots (Beck et al., 2011; Hughes & Ensor, 2005), was administered to assess working memory. In this
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TABLE 1 Listof all RRSM items.

# Description of items

1 Child controls physical movements

2 Child pays attention to the activity at hand

3 Child can shift attention appropriately within an activity or task

4 *Child maintains focus during or quickly returns focus after disruption/interruption

5 Child can ignore distractions during an activity

6 *Child shows evidence of independent planning or monitoring

7 Child shows evidence of listening

8 *Child remembers and follows a series of instructions of completes multi-step activity

9 *Child co-creates and/or follows group norms or rules when interacting with peers

10 Child follows classroom rules and routines independently

11 *Child can transition to new activities, tasks or major parts of the day

12 Child inhibits inappropriate or automatic responses and enacts appropriate responses

13 Child modulates emotional arousal or maintains appropriate level of emotional arousal in response to
classroom expectations (e.g., gets excited or calms self down)

14 *Child regulates behaviour in the face of own emotional arousal

15 *Child is able to wait for something (e.g., turn, talk, materials, etc.)

16 *Child shows evidence of ability to solve and cope with social dilemmas and conflict with peers

Note: Items with an asterisk were not included in the calculation of children's final RRSM scores as more than 50% of children had missing data
on them.

task, the researcher hid 10 stickers in 12 visually distinct boxes on a Lazy Susan tray and children
were asked to find the stickers in the boxes. After each attempt, the researcher covered the boxes
and spun the tray. The number of attempts until children made the first mistake (picked a box
that had no sticker inside) was the dependent variable (Diamond et al., 1997). The Day/Night task
(Gerstadt et al., 1994) was administered to assess inhibition. In this task, children were introduced
to a game where they had to inhibit an automatic response and show another response instead. They
were shown picture cards of a sun and moon and they were asked to say ‘day’ for the picture card
with the moon and ‘night’ for the card with the sun. The number of correctly answered trials was
the dependent variable. The Dimensional Change Card Sort (DCCS; Zelazo, 2006) was applied to
assess shifting. In this task, children sorted cards by either colour or shape in single blocks and had
to switch between the two dimensions during mixed blocks. The number of correct answers across
all trials was the dependent variable. Children's complex EF was assessed via two fluency tasks. In
the verbal fluency task, children had to generate as many words as possible regarding a given word
category within 1 min (Snyder & Munakata, 2010). This task makes demands on multiple EF com-
ponents as it requires children to keep their answers in mind, inhibit previously given answers and
to resist perseveration in a specific category if no new answers come to mind. Finally, the design flu-
ency task (Korkman et al., 1997) was included for children's non-verbal generativity. Children were
asked to draw as many different designs as possible by connecting two or more dots with straight
lines. Children's raw scores on the EF tasks were standardized within each timepoint and a compos-
ite score was created for children's EFs at the beginning of the school year (T,) and their EFs at the
end of the school year (T,).

Procedure

Children participated in a comprehensive EF task battery at the beginning (T,) and at the end (T,) of
the school year. The task battery was administered by one of four trained researchers in a quiet area of
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children's schools. The task battery took approximately 50 min with breaks. At the end of the school
year, each child was also videoed twice in their naturalistic classroom environment; once during the last
5min of a teacher-led and once during the last 5min of a child-led activity. Research assistants worked
with teachers to learn about the schedule for the day and to identify suitable time windows. Typically,
one child was videoed at a time. In very rare occasions multiple consented children were videoed simul-
taneously. Children's self-regulation in teacher-led and child-led activities was later coded by two of the
four researchers who also administered the EF task battery.

Data analysis

The EF composite scores and the RRSM variables were explored for univariate outliers (scores larger
than 3 standard deviations). Only the RRSM wvariables had four outliers which were true scores of
children's performance and therefore, not excluded or adapted. Descriptive statistics and correlations
among all dependent variables were calculated and whether RRSM scores were affected by the class-
room was tested via Kruskal-Wallis tests.

In the planned analysis to address the research questions, the impact of (1) different classroom
activities (teacher-led vs. child-led) and (2) a child's EF skills on the self-regulation observed in the
classroom (RRSM scores) were investigated using linear mixed- effect models (LMMs; using the R
package ImerTest, Kuznetsova et al., 2017). The dependent variable was RRSM score and predictor
variables were Activity (teacher-led vs. child-led; this categorical predictor was treatment coded),
child's age at time 1 (Age), EF score at time 1 (EFs T,) and EF score at time 2 (EFs T; all continuous
variables were centred). An exploratory analysis aimed to find the best fitting model via a process
of model selection, in which all predictors and their two-way interactions were entered into the full
model as fixed effects. A nested random effect reflecting the fact that children were nested within
classrooms was also included in all models. Which of the interaction terms belonged in the best fit-
ting model was determined by iteratively removing one term and comparing it to the full model using
likelihood ratio tests. Which of the simple effects belonged in the best fitting model was determined
by iteratively removing one term and comparing it to the model containing only simple effects, also
using likelihood ratio tests.

In additional exploratory analyses, we examined the influence of specific classroom context variables on
a child's RRSM score, namely group size, type of interaction, type of task and subject in which the activity
occurred. For this further confirmatory LMM analyses were conducted. The data were split by Activity
(teacher-led vs. child-led) and then for each classroom context variable two models were compared: a
model that contained the predictor as a fixed effect and a model that contained no fixed effects. In all
cases intercepts were permitted to vary by classroom (i.e. a random effect of classroom was included). For
each of these analyses, a level of a predictor was only included if there were more than five observations.
For teacher-led activities, group size had two levels (whole class vs. small group) and for child-led activi-
ties group size had two levels (small group vs. individual). In terms of type of interaction, for teacher-led
activities there were two levels (talking vs. listening and talking). Type of interaction could not be analysed
for child-led activities as most children were in collaborative activities. For teacher-led activities, type of
task had three levels (games vs. materials and manipulatives vs. worksheets) and child-led activities had
three levels (games vs. materials and manipulatives vs. pretend play). Finally, considering school subject, in
teacher-led activities, subject had four levels (arts vs. literacy vs. science vs. other) and for child-led activi-
ties, there were five levels (arts vs. literacy vs. science vs. other vs. gross motor).

RESULTS

Table 2 shows the descriptive statistics of all dependent variables (see also Table S1). Children's EFs
at T| and T, were normally distributed. Most children showed well-regulated behaviour and obtained
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high scores on the RRSM, in both teacher-led and child-led activities. Thus, the RRSM variables were
negatively skewed.

Table 2 also presents correlations between EFs T,, EFs T,, teacher-led RRSM and child-led RRSM.
There were strong, positive and statistically significant correlations between children's EFs at T, and T),.
Children's EFs at T| were also consistently associated with their RRSM scores. However, children's EFs
at T, were only significantly associated with their RRSM score in child-led activities.

A Kruskal-Wallis test showed that there was no statistically significant effect of classroom on chil-
dren's RRSM scores in teacher-led ()(2(27) =35.06; p=.137) or child-led ()(2(27) =23.07; p=.681) activi-
ties. Thus, belonging to a specific classtoom does not seem to determine children's RRSM scores.

The role of activity and EFs in self-regulation in the classroom

To explore whether the self-regulation children demonstrate in the classroom can be explained by the
Activity (teacher-led vs. child-led) and/or their EF skills, LMMs wete conducted. The exploratory LMM
indicated a statistically significant effect of Activity, )(2(1):34.02, »<.001 and EFs T, )(2(1) =9.69,
P=.002, as well as a statistically significant interaction of Activity and EFs T, 7 (1)=5.44, p=.020.
The results of the best fitting LMM (Model 1) is presented in Table 3. These results can be interpreted
as follows: (1) lower levels of self-regulation in the classroom are observed in teacher-led than child-led
activities, (2) the higher the EF score at T, the higher the self-regulation shown in the classroom and
(3) EF scores at T| make a greater contribution to self-regulation in teacher-led than child-led activi-
ties. These relationships can also be observed in Figure 1. The fixed effects accounted for 16.7% of the
variance in self-regulation (the marginal R?), the nested random effect accounted for approximately 6%
(adjusted ICC=.059). Accordingly, 21.7% of variance in RRSM was explained by the entire model (the
conditional RZ).

Follow-up analysis was conducted to investigate which of the five separate EF tasks may have been
particularly predictive of children's self-regulation in the classroom. The EF battery in the current study
consisted of three component EF tasks (Spin the pots for working memory, Day/Night for inhibitory
control, DCCS for shifting) and two complex EF tasks (verbal and design fluency). In this exploratory
analysis, the best fitting model described above was expanded to include scores from each of the five
EF tasks at T, as well as their interactions with Activity. Through a process of model selection, only in-
teractions and/or simple effects that significantly improved the model were retained and the best fitting
model indicated that both Activity, y*(1)= 34.19, p<.001 and the design fluency, r= 4.09, p=.043,
significantly improved the model, as did the interaction between the design fluency and Activity,
)(2(1) =9.88, p=.002 (please refer to Table S2 in the Supplementary Material for the LMM estimates).
This model explained a very similar proportion of variance in RRSM as the one using the composite EF
score. That is, the fixed effects accounted for 16.4% of the variance in self-regulation (the marginal R?),
the nested random effect accounted for approximately 11% (adjusted ICC =.11). Accordingly, 25.6% of
variance in RRSM was explained by the entire model (the conditional RZ).

TABLE 2 Descriptive statistics and Pearson's correlations for study variables.

Variable M SD Min, Max 1 2 3
1.EFs T, .04 .61 -1.23,1.73 -

2.EFs T, .01 .68 —1.84,1.32 BT -

3. TL RRSM 3.44 48 1.50, 4.00 29%% 15 -
4. CL RRSM 3.71 .31 1.88, 4.00 21 24 12

Note: N=148. Standardized composite EF scores are presented here.

Abbreviations: CL, child-led; EFs, executive functions; RRSM, regulation related skills measure; T,, beginning of the school year; T,, end of
the school year; TL, teacher-led.
*p<.05, #p<.01.
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TABLE 3 Estimates for fixed effects in the best fitting LMM with the dependent variable RRSM score.
Predictor Estimate (SE) 95% CI p-value
(Intercept) 3.71 (.03) [3.65, 3.78] <.001
Activity” —.27 (.04) [=-36, —.19] <.001
EFs T, 11 (.05) [.01, .21] .039
Activity" X EFs T, 12 (07) [-.02, .26] .091

Note: p values are based on the Wald statistic.

"Baseline: Child-led.
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FIGURE 1 The relationships among EF T, Score, activity and self-regulation in the classroom. Noze: EF T1 score,

standardized executive function score at the beginning of the school year; RRSM, regulation related skills measure.

The role of classroom context in self-regulation in the classroom

To address whether children's observed self-regulation in the classtoom was associated with classroom con-

text variables including group size, the type of interaction, the type of task and the subject children engaged

in, separate confirmatory LMMs were conduc

In terms of group size, there were numerically very similar mean scores on the RRSM across the
different group sizes (see Table 4). Reflecting this, in both teacher-led and child-led activities, enter-
ing group size as a predictor variable did not significantly improve the model, teacher-led )(2(1) =1.85,
p=.174, child-led ¥ (1)=1.67, p=.197. Thus, there was no evidence that group size was associated with

children's self-regulation.

ted for RRSM scores in teacher-led and child-led activities.

d ‘€ $TOT "6LT8YFOT

:sdny wouy

:sdny) SUOMIPUOY) PuE SWIS] 34 998 “[$Z0Z/21/£0] U0 Areiqr] auluQ AoiAy “FingsSny [qigsioensioatun £q 00LZ1-dofa/1 11 1°01/10p/wod Kofia

Kol

951 suoWWO)) dA1EaI) d[qear|dde oy £q POIGACS AIE SAOIE YO O8N JO SN 10) AIBIQYT QUIUQ AOJIA UO



1004 EBERHART ET AL.

TABLE 4 Descriptive statistics of children's RRSM scores in different classroom contexts.

Teacher-led Child-led
Feature n M (SD) Feature n M (SD)
Group size
Whole class 103 3.38 (.406) Small group 50 3.66 (.39)
Small group 35 3.51 (.52) Individual 95 3.73 (.26)
Interaction
Listening 58 3.28 (.58) - - -
Listening & talking 59 3.48 (.39) - - -
Task
Games 10 3.26 (.68) Games 7 3.48 (42)
Materials & manipulatives 42 3.65 (.29) Materials & manipulatives 97 3.72 (.32)
Worksheet 7 3.66 (.38) Pretend play 34 3.75 (.24)
Subject
Arts 19 3.50 (.35) Arts 85 3.72 (.34)
Literacy 75 3.46 (49) Literacy 15 3.81 (.23)
Sciences 51 3.40 (.52) Sciences 17 3.62 (.29)
Gross motor - - Gross Motor 8 3.77 (.25)
Other - - Other 22 3.66 (.28)

Note: Data are only reported for categories that include more than five observations to avoid too much influence of a very small number of

observations.

Abbreviation: #, number of child observations.

Entering type of interaction as a predictor variable did significantly improve the model predicting
RRSM scores in teacher-led activities, y*(1) = 4.76, p=.029; children had higher levels of self-regulation
in teacher-led activities in which they were listening and talking in comparison with those in which they
were only listening (see Table 4).

LMDMs indicated that type of task was a statistically significant predictor of self-regulation during
teacher-led activities, )(2(2) =8.03, p=.018, with children showing the highest levels of self-regulation
while working on worksheets, followed by materials and manipulatives and finally games. In child-led
activities, type of task did not significantly improve the model, )(2(2) =4.41, p=.110, i.e., it does not pre-
dict self-regulation in child-led activities in this dataset.

Finally, it was examined whether the school subject children were engaged in was associated with
self-regulation observed in the classroom. Subject did not significantly improve the model for teacher-
led, ¥*(2)=.78, p=.677 ot child-led activities, °(4) =4.25, p=.373.

DISCUSSION

The current study sought to identify systematic variation in children's self-regulation across typical
classroom activities (teacher-led vs. child-led) and as a function of classroom context variables in the
first year of formal schooling in England. As a novel aspect, the study also examined whether a child-
level factor, namely their EFs, was associated with this variation. Naturalistic classroom observations
of children's self-regulation revealed generally high levels of self-regulation. However, some variation
was observed. Children displayed higher levels of self-regulation in child-led than in teacher-led activi-
ties. Children's EFs, measured with direct assessments, appeared to contribute to their ability to self-
regulate in different naturalistic classroom situations. That is, children who started the school year with
higher levels of EFs showed more stable self-regulation across different situations than the children
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who started the school year with lower levels of EFs. We also checked for a potential influence of other
classroom context variables and found that children's self-regulation was not related to group size or
school subject. However, children's self-regulation in teacher-led activities was associated with the type
of interaction taking place during the activity and the type of task being completed.

Most children successfully self-regulated in the classroom

Most children in this study obtained high scores on the naturalistic classroom observations. Ratings
towards the upper end of the scale were also found by the developers of the classtoom observation
measure (McCoy et al., 2022) indicating that high ratings were not specific to our sample. There are
several explanations why children might obtain high scores on the measure. Firstly, we decided to ex-
clude some RRSM items that have a ‘not observed’ option as few children of our sample experienced
these situations. Most of these items referred to less common and more emotionally charged situations
in which children may struggle to self-regulate (e.g., ‘Regulates behavior in the face of own emotional
arousal’ or ‘Shows evidence of independent planning or monitoring’). The removal of these items might
have led to higher scores overall. Given that other research teams who used the RRSM also found a
trend towards high ratings, additional adaptations of the measure might be required to deal with the
skewed data. Authors of other scales that aimed to capture natural variation in children's behaviour and
found a skew in their data were able to improve their scales by rewording some items and increasing the
number of response ratings (Swanson et al., 2012). Perhaps a similar development of the RRSM would
be desirable. Another explanation for the high scores on the RRSM is that Reception class teachers are
sensitive towards the needs of their students and they adapt tasks and activities to the developmental
stage of the children in their classroom. Thus, children's high scores might reflect teachers' abilities to
create environments in which children are able to self-regulate effectively. Thus, there are several rea-
sons why children might have obtained high scores on the RRSM. Still, as discussed in the next section,
there was also variation across children and classroom situations.

Children showed higher levels of self-regulation in child-led than in teacher-led
classtoom activities

Consistent with previous studies, in the present study children's self-regulation varied by classroom
situation (McCoy et al., 2022; Robson, 2016b; Timmons et al., 2016; Whitebread et al., 2007; Zachariou
& Whitebread, 2022). In the current study, children showed higher levels of self-regulation in child-led
than in teacher-led classroom activities. As suggested previously, a possible reason for poorer self-
regulation in teacher-led activities could be group size (e.g., more distraction). However, our additional
analysis of group size did not support this interpretation, as group size (whole group vs. small group)
did not explain variation in RRSM scores during teacher-led activities. An alternative explanation is that
degree of choice may affect self-regulation during classroom activities. The strategies that are available
to children to regulate their motivational state are much more restricted in teacher-led activities than
child-led, which may lead to lower RRSM scores. In teacher-led activities children frequently have lit-
tle choice. Thus, children might be less motivated in teacher-led activities because the goals and often
the means for achieving them, are set for the whole group and not for the individual child (Baker
et al., 2021; Stefanou et al., 2004). In contrast, in child-led activities children can choose what they want
to work on and they can alter their goals as they go. Thus, there is more flexibility in comparison with
tasks where goals are set externally (Perry, 2013). More research is needed to understand how motivation
and self-regulation interact during teacher-led and child-led activities.

Furthermore, in the present study other classroom context variables were considered such as type
of interaction, school subject and type of task. In child-led activities, none of these classroom context
variables influenced the level of self-regulation shown by children. However, in teacher-led activities
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children demonstrated higher levels of self-regulation in activities where they had the opportunity to
interact more actively such as listening and talking (e.g., Q& A) versus only listening (e.g., listening to a
story). Similarly, in teacher-led activities higher levels of self-regulation were found when children en-
gaged with materials and manipulatives or worksheets in comparison with when engaging with games.
Materials and manipulatives as well as worksheets can be considered as tools that support children's
self-regulation by structuring the task for the child. Thus, taken together these results may suggest that
children's self-regulation should be purposefully supported with such tools.

Finally, a combination of the overall duration of the activity and the time point of the observation
could explain why children showed higher levels of self-regulation in child-led in comparison with
teacher-led activities. In both activities, children were observed during the last 5min of the activity
and the following transition. However, in child-led activities children could leave the activity at any
time whereas this was not possible during teacher-led activities where the duration of the activity was
determined by the teacher. Similar to the point above, it is possible that children who lost interest in a
child-led activity would move on quickly and were therefore less likely to be observed during that activ-
ity. Future studies could take the overall duration of the activities into account and compatre children's
levels of self-regulation in teacher-led and child-led activities of comparable durations.

Children with higher EFs showed more stable self-regulation across situations

Our results indicated that children who started the school year with higher levels of EFs also showed
higher levels of self-regulation in the classroom at the end of the school year. This is consistent with
other research studies where associations between children's EFs at the beginning of the school year
and self-regulation were found (e.g., Rimm-Kaufman et al., 2009). However, most of the existing studies
assessed children's self-regulation with adult reports. In the current study, we showed that similar asso-
ciations exist if children's self-regulation is observed in a naturalistic setting. This corroborates findings
by Howard et al. (2021) and McCoy et al. (2022) who found associations between children's concurrent
ETs and observed self-regulation.

Extending these findings, our data revealed that children who started school with lower EFs showed
more variation of self-regulation across teacher- and child-led activities than children with higher levels
of EF. In contrast, children who started school with higher EFs demonstrated similar self-regulation in
both teacher-led and child-led activities. Consistent with the interaction effects, correlational analysis
indicated that children who started the school year with higher EFs also showed higher levels of ob-
served self-regulation in teacher-led and child-led activities. This makes sense as children with higher
levels of EF's might have the cognitive skills to flexibly adapt to different activities and they can use their
ETs to deal with the different challenges they face. In turn, children with lower levels of EF might need
support to stay self-regulated across different situations.

While children's EFs measured at the beginning of the school year were associated with chil-
dren's observed self-regulation at the end of the school year, it is puzzling that a different pattern
emerged for children's EFs measured at the end of the school year. Children's EFs assessed at the
end of the school year were associated with their self-regulation in child-led but not teacher-led ac-
tivities. It can be speculated that even though at the end of the school year, overall, children showed
lower levels of self-regulation in teacher-led in comparison with child-led activities, some children
may still have benefitted from external regulatory support in the teacher-led activities. Due to this
external regulation from teachers, children may be relatively less dependent on their concurrent EFs
in teacher-led compared to child-led activities. However, children's EFs assessed at the beginning
of the school year may still determine children's general levels of self-regulation at the end of the
school year. However, this was a surprising finding which needs to be replicated before strong in-
terpretations are drawn.
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Follow-up analysis with the five EF tasks included separately showed that one of the complex EF
tasks (Design Fluency) was particularly predictive for children's self-regulation in the classroom. This
finding corresponds with McCoy et al. (2022) who found stronger associations between the RRSM and
more complex direct assessments that tapped multiple EF components. This may suggest that complex
EF tasks are more representative of children's self-regulation skills in the classroom than EF tasks that
only assess one EF component.

In sum, our data suggest that child-led activities allow children to demonstrate higher levels of self-
regulation than teacher-led activities, especially for those children whose EFs are lower at the start
of the school year. Furthermore, as mentioned previously, studies by Robson (2016b) and Zachariou
and Whitebread (2022) found that children showed more instances of self-regulation in child-initiated
activities in comparison with teacher-initiated activities. Considering their findings together with our
findings, it can be proposed that child-led activities offer children more opportunities to engage in
self-regulatory behaviour and children with high and low EF seem to be able to effectively self-regulate
in child-led activities. Thus, these findings indicate the importance of allocating time for child-led ac-
tivities in the classroom.

An important note of caution has to be raised here. It is of course possible that this interaction effect
emerged due to skewed data from the RRSM. Perhaps children with high EFs at the start of the school
year would also have shown a similar degree of benefit in child-led activities as their less EF-skilled
counterparts if the RRSM had revealed more variation in scores. This highlights the importance of
developing the RRSM further with the aim of eliciting data that are normally distributed, as mentioned
above.

Although direct assessments of EFs are often critiqued for their low ecological validity (Obradovi¢
etal., 2018), they still seem to capture skills that are relevant for children's naturalistic behaviour. McCoy
et al. (2022) found significant but somewhat inconsistent correlations between the same observational
measure and direct assessments. However, our study as well as theirs did not show strong correlations
which suggests that these constructs do not overlap completely. Similarly, children's EFs did not explain
all the variance in RRSM, suggesting that while EFs contribute to self-regulation, other factors also
play a role.

Limitations and future directions

Our study is not without limitations. In the current study situations were defined as being teacher- or child-
led and classroom context variables were noted. However, there remained a lot of variation across activities.
For example, activities could vary in content (e.g,, teacher-led activities could focus on math, book reading,
morning circle etc.) and structure (e.g., child-led activities could include workstations that were prepared
by teachers or completely unstructured free play) and classroom context variables had unequal numbers of
observations. Related to that, group size varied across teacher-led activities (whole group or small group)
and child-led activities (small group or individual) and could not be meaningfully compared. Future studies
should take the number of children per group into consideration. Even though the naturalistic nature of
these activities offers ecologically valid data, it also limits our ability to draw conclusions about why chil-
dren's self-regulation varied across these situations. Thus, future research studies could select activities more
intentionally (e.g., observe children in book reading, Q&A or specific free play sessions) to tease out the
most important factors. Finally, in the curtent study, a composite score was created to reflect children's EFs.
A recent study suggested that findings can vary depending on whether EFs are modelled with a latent vari-
able measurement model or a composite score (Camerota et al., 2020). In contrast to Camerota et al. (2020),
in our study we observed decent stability between the two timepoints. Furthermore, we applied the same
tasks at both timepoints possibly introducing less error variance. Nevertheless, we want to acknowledge that
a different modelling approach may have an influence on the results.
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Implications and conclusions

We found that starting the school year with high levels of EFs is beneficial for children's self-regulation
across classroom situations. This could imply that children with high levels of EFs are in a better posi-
tion to make more out of opportunities that they face in the classroom (Blair & Raver, 2015). In turn,
children who start the school year with lower levels of EFs need more scaffolding and support to apply
their self-regulation successfully and are likely to benefit especially from child-led activities. This aligns
with previous work showing teacher-led activities lead to lower levels of self-regulation (Timmons
et al.,, 2016) in comparison with other situations.

Until recently, children's self-regulation has been considered a relatively stable skill and situational factors
have rarely been taken into account. This study demonstrates how observations can be used in conjunction
with direct assessments to explore individual differences in the development of self-regulation. Given the
importance of self-regulation for children's learning and development it is crucial to understand not only
broad developmental trajectories but also intraindividual differences and situational influences.
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