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Do peers matter? The influence
of peers’ self-regulation on
individual self-regulation: a
longitudinal multilevel analysis

Robert Busching*

Beratungspsychologie, Department fur Psychologie, Universitat Potsdam, Potsdam, Germany

Introduction: Self-regulationis important for social as well as academic success,
and research shows that it is also shaped by social interactions. At the same
time, peers shape children’s development in many domains. Linking these two
concepts, it can be predicted that children who are surrounded by peers with
a high level of self-regulation later show higher self-regulation themselves
compared to those who are surrounded by peers with a low level of self-
regulation.

Methods: To test this assumption, a longitudinal sample with N = 1,658
participants in 181 classrooms (jLage = 8.37) was analyzed. The self-regulation
facets of working memory updating, inhibition, and flexibility were measured
using an age-appropriate version of the Stroop test, the repeat-digits-backward
test, and the Wisconsin card-sorting task. Based on this data, a score for both the
individual and class level was calculated.

Results: The results show that the classmates’ level of self-regulation predicted
later individual self-regulation above the individual self-regulation score. While
neither age nor gender moderated this relationship, there was a significant cross-
level interaction: Especially individuals with a low level of cognitive flexibility
gained from being surrounded by peers with a high level of cognitive flexibility.

Discussion: While the results show that peers constitute an important social
context for the development of self-regulation, this fact is often only a minor
point in modern self-regulation theories.

KEYWORDS

multilevel, self-regulation, inhibition, working memory updating, flexibility, school
class, executive functions

1 Introduction

Peers are often seen as important socialization agents in late childhood and early
adolescence. Therefore, it is not surprising that peers influence a child’s development across
a range of multiple outcomes, such as aggressive behavior (Busching and Krahé, 2015),
prosocial behavior (Sullivan et al., 2022), and eating behavior (Salvy et al., 2012). This paper
aims to extend the knowledge about peers’ influence to include another crucial concept
regarding individual development: self-regulation. Self-regulation can be defined as a set
of “processes aimed at adjusting mental and physiological state adaptively to context”
(Nigg, 2017, p. 364) and encompasses cognitive, affective, and behavioral components. Self-
regulation is crucial for academic success, maintaining good social relations, and physical
as well as psychological health (Munakata and Michaelson, 2021; Robson et al., 2020).
Therefore, it is important to understand which contexts foster a positive development of
self-regulation. Despite the fact that peers are an important social context during childhood
and adolescence, the role of peers has received little attention in previous research, and
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no studies investigating self-regulation were included in a recent
meta-analysis on peer influences during this age period (Giletta
etal., 2021).

1.1 Definition of self-regulation

Self-regulation is a term in psychology with many different and
contradictory definitions (Burman et al., 2015). In this paper, self-
regulation is defined as the ability to suppress dominant impulses
in order to modify thoughts, feelings, or behavior (Robson et al.,
2020). Self-regulation is considered as a concept with a hierarchical
structure including both a basal level and a complex level (Nigg,
2017). The basal level is often regarded as crucial for a person to
be able to show successful self-regulation. The executive functions
can be seen as forming the core of this basal level, which are also
required for more complex self-regulation skills, such as planning
(Warschburger et al., 2023).

Rating scales and psychological tests often either correlate
weakly or even not at all (Diamond, 2013). Toplak et al. (2013)
explain that based on repeated findings, psychological tests measure
the extent to which an individual is capable of self-regulating,
whereas ratings measure the extent to which self-regulation is
demonstrated in real life. As these two concepts also draw on
different theoretical frameworks (Eisenberg et al., 2019), it does
not make sense to blend these two aspects together but rather to
investigate them separately. This paper thus focuses on the use of
psychological tests to investigate whether an individual is able to
show self-regulation.

Also, the construct of executive functions is not one-
dimensional, but often encompasses different interrelated facets
(Friedman and Miyake, 2017; Nigg, 2017). This paper analyzes
three interrelated constructs central to the basal level of self-
regulation (Warschburger et al, 2023). The first construct is
inhibition. Inhibition refers to the ability “to control one’s attention,
behavior, thoughts, and/or emotions to override a strong internal
predisposition or external lure” (Diamond, 2013, p. 136). Without
this ability, it would be impossible to focus on a simple task
or maintain a behavior over an extended period of time. One
example would be responses in the Stroop task, where a dominant
response must be inhibited to enable a non-dominant one (Stroop,
1935).

Working memory updating is the second important construct.
Working memory is necessary “to hold and update information
in mind” (Diamond, 2013, p. 141). This is needed for academic
tasks, where information has to be stored and updated (e.g., math,
translations into a different language, etc.), as well as interpersonal
situations where a person has to follow a conversation and merge
new information with information already given. A commonly
used way to measure this construct is to present a list of numbers
and ask the participant to repeat the presented numbers in reverse
order (Petermann and Petermann, 2007).

Cognitive flexibility is the third construct involved in top-
down regulation. Cognitive flexibility refers to the ability to
“adjust to changed demands” (Diamond, 2013, p. 147) in a
multitude of ways. This can be on the task level by trying a
different approach to solving a problem or on the interpersonal
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level by adopting a different perspective. A common way to
measure cognitive flexibility using experimental approaches is
to assign participants one simple main task of ordering stimuli
and then sometimes giving them a switch command, so that
the participants have to sort according to a different rule
(Zelazo, 2006).

1.2 Social influences on self-regulation

While it is well-established that self-regulation is influenced
by genetics (Friedman and Miyake, 2017; Willems et al., 2019),
studies show that self-regulation is also shaped throughout one’s
life. For example, either explicitly targeted in interventions (Murray
et al,, 2016) or implicitly through parental behavior (Valcan et al,
2018), the social context shapes self-regulation. Similar results
are reported for children in kindergarten: If they are surrounded
by peers with a high level of self-regulation they will also show
a later increase in self-regulation (Montroy et al,, 2016; Korucu
et al., 2023). Basic learning processes such as modeling are
possible theoretical explanations for the influence of others on
the development of self-regulation (Miller-Slough and Dunsmore,
2016). For instance, observing another person demonstrate a high
level of self-regulation can lead to an increase in self-regulation
(Orange, 1999).

Munakata and Michaelson (2021) argue that social norms play
an important role in explaining whether or not self-regulation is
shown in school settings. The degree of self-regulation functions
depends on whether they are rewarded (Adam and Vogel, 20165
Munakata and Michaelson, 2021). For children and adolescents,
their peers’ reaction often shape their behavior (Rohlf et al., 2016),
since the behavior and reactions work as a reward (Henry et al,
2000). It is reasonable to assume that peers’ behavior works also as
a reward for self-regulation.

1.3 Classroom influences in late childhood
and early adolescence

Peers form an important social context for children’s
development, as the majority of children and adolescents spend
most of their non-sleeping time with their peers (Rubin et al,
2015). This often includes different, but overlapping social
contexts, such as sports clubs, friends, and other extracurricular
activities. However, one particular social context stands out
in two ways: the classroom. (1) In Germany, while parents are
free to choose their children’s school, they typically have no
say in which of the classrooms in those schools the children
are placed. Since the students are assigned by their respective
school administration, it is possible to investigate socializing
effects while minimizing selection effects in a natural setting. (2)
The German school system is structured so that during school,
students spend nearly all their time with the same students
in the same classroom. This often extends into breaks, where
students primarily interact only with students from their own
classrooms. Further, classrooms are normally stable over several
years. Students changing classrooms within a school is a rare
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exception. This high degree of temporal stability offers the
opportunity to investigate peer influences that unfold over a long
time in a largely constant social environment with very limited
selection effects.

1.4 Self-regulation in the class context

There are currently only a few studies that focus on the
impact of classmates on the development of self-regulation during
late childhood. The results of these studies are mixed. While
Reid and Ready (2022), Barnes et al. (2022), and Wei et al.
(2021) reported that higher class levels of self-regulation predicted
higher individual levels of self-regulation later, Zakszeski et al.
(2020) found no significant relationship between the class level
of self-regulation and individual self-regulation. The results of
Finch et al. (2019) were also mixed. While being surrounded by
classmates with a higher level of self-regulation did predict lower
reaction times in self-regulation tasks, no similar results were
found for accuracy in the same self-regulation tasks. However,
most of the studies focused only on working memory updating
or used aggregated values across different self-regulation scales
and did not include inhibition. With the exception of Wei
et al. (2021), who collected data in Brazil, all data was collected
in the United States. Therefore, further research is needed
to test the robustness of the findings across different facets
of self-regulation, as well as their different operationalizations
and cultures.

Another important issue is the identification of potential
moderators. Even very old theories explaining the influence of
social context on individual development do not predict that
everybody will be affected by the social context in the same
way. On the contrary, they suggest that the impact of the
social context often depends on individual characteristics (e.g.,
Bronfenbrenner, 1979; Newcomb and Charters, 1950). However,
precisely which individual characteristics shape this relationship
is still under discussion and is rarely empirically tested. As all
the previous studies were conducted on different samples, it
can be argued that the divergent results are due to different
sample characteristics. Therefore, the second part of this paper
investigates whether the relationship between class-level self-
regulation and individual self-regulation over time is moderated
by individual characteristics. Based on theoretical considerations,
age, gender, and the initial level of self-regulation skills will be taken
into account.

Both the overall level and the structure of self-regulation change
during late childhood and early adolescence. As the overall level
of self-regulation increases, the number of different self-regulation
facets also increases, which leads to a much more complex structure
(Nigg, 2017). The age range in previously presented research is
between 5.7 and 9.9 years. These ages are particularly sensitive to
peer influences, as well as to the development of self-regulation.
One important developmental process during this period is that
peers become more important, while parents and other members of
the immediate family become less important (Walper et al., 2018).
Since learning theories suggest that especially important models
have a higher influence on individual behavior, age could be a
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moderator. On the other hand, however, a meta-analysis of peer
influence during adolescence for a range of different behaviors does
not show that age is a moderator (Giletta et al., 2021).

Another possible moderator of interest is gender. Although all
the above-mentioned studies included gender as a control variable,
none investigated systematically whether girls or boys were more
affected by their peers. However, friendships are qualitatively
different between girls and boys (Rose et al., 2021), and for other
behavior domains peer influence seems to be moderated by gender
(for example, deviant behavior; Busching and Krahé, 2018). Since
peer interactions are structured differently in these two gender
groups, learning experiences in these interactions could also be
different, which would lead to moderating effects of gender.

Finally, an important individual-level moderator is the person’s
initial level of self-regulation. One can argue that individuals with a
low level of self-regulation gain more than their peers, as they have
a greater possibility to increase their level. Conversely, individuals
with higher self-regulation levels may find learning new things
easier, as suggested by Robson et al. (2020), and thus could benefit
more from being among peers with similarly high self-regulation
levels. This implies that students with higher self-regulation may
particularly benefit from being in such an environment. To test
these opposing viewpoints, it is crucial to consider initial self-
regulation as a potential moderating factor.

2 Current research

Self-regulation is central to academic achievement in school,
as well as to social interactions with peers and teachers (Robson
et al, 2020). Therefore, it is important to investigate which
factors influence the development of self-regulation. School can
be characterized as a social setting where most children and
adolescents spend a considerable amount of time interacting with
their peers. Therefore, it seems fruitful to examine how this social
context shapes the development of self-regulation. From a learning
theory perspective, it can be assumed that an environment that
offers a variety of opportunities to observe a certain behavior,
and where that behavior is also associated with positive effects,
will contribute to the behavior being more frequently exhibited
by members of that social environment (Bandura, 2000). If this
theoretical assumption holds, we should find evidence to support
the following hypothesis:

H1: The level of classmates’ self-regulation prospectively
predicts individual self-regulation.

Two additional unanswered research questions will also be
addressed in this paper. So far, most studies investigating this
link have either focused on one measure of self-regulation or
combined multiple measures of self-regulation, and therefore have
not considered the potentially different effects of the individual
measures. While the theory suggests that comparable effects
should be found across the different facets of self-regulation, this
relationship has not been systematically tested to date. On the
other hand, the relationships between variables after aggregation
over the multiple sub-constructs of self-regulation are stronger
(e.g., Valcan et al.,, 2018; Friedman and Miyake, 2017), which is
often done since the psychometric properties of the psychological
tests employed are not ideal. Aggregating over the different facets
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gives a more reliable score, making it possible to identify weaker
effects, and offers the possibility to compare the results with other
published results.

RQ1: Does this relationship hold for different facets and the
total score?

Therefore, we use a two-pronged approach. We investigate the
single facets to test for differential effects, as well as the combination
of all facets, to yield a total score which gives a more reliable
measure and allows us to compare the current results with those
reported in the literature.

As discussed above, existing findings are highly diverse, and
neglect of potential moderators could be the reason for such diverse
results. Therefore, this paper will test the moderating influence
of individual differences, namely age, gender, and individual self-
regulation scores at T1, to answer the second research question.

RQ2: Do age, gender, and individual self-regulation moderate
the link between class-level self-regulation and later individual self-
regulation?

To address this research gap, the current study uses a large
longitudinal data set where it is possible to investigate the effects
of the different facets simultaneously. Using non-experimental
data always comes with the challenge of controlling for possible
confounders. One approach to do this is longitudinal modeling,
where all cofounders that are constant over the investigated time
period are automatically controlled (Singer and Willett, 2003).
Since all participants were recruited together with their classmates,
multilevel modeling can be used to investigate the classroom effects
(Hox et al., 2017).

3 Method
3.1 Participants

A total of 1,657 students participated in this longitudinal
study. At T1, they belonged to 181 different classes in 33
public elementary schools in the federal state of Brandenburg.!
To obtain a representative sample, schools in urban, suburban,
and rural areas were recruited. This means that each class was
represented, on average, by 9.17 students (SD = 4.13). At T1,
the mean age of the sample was 8.36 years (SD = 0.95), and
794 (48%) of the participants identified themselves as female. It
was not possible to collect data about skin color or ethnicity;
therefore, we collected as a proxy the language spoken at home.
Most of the participants reported speaking German at home
(93%). The mean time difference between the first measurement
(T1) and the second (T2) was 8.95 months. At T2, 1,612
children were still participating in this study and only 45 (3%)
dropped out. A more detailed description of the sampling and
recruitment process can be found in Warschburger et al. (2023).
Nearly no one changed the social context between T1 and T2.
The coefficient of contingency between T1 class-membership
and T2 class-membership indicated a very high stability was
c=0.997.

1 For privacy reasons, it was not possible to collect any data about

individuals who chose not to participate in this study.
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3.2 Measures

Self-regulation was operationalized by three measures of
executive functioning established in the literature.

3.2.1 Inhibition

To assess inhibition, an age-appropriate paper-pencil version
of the Stroop test was used (Rothlisberger et al., 2010; Roebers
et al, 2011), whereby the participants had to name the colors
of different fruits. The first page showed colored rectangles,
the second page correctly colored fruits and vegetables (e.g.,
a yellow banana), the third page fruits and vegetables colored
gray, and the last page showed the fruits and vegetables colored
incorrectly (e.g., a blue banana). For pages 1 and 2, participants
were asked to name the color. For pages 3 and 4, participants
were asked to name the colors the objects normally have. For
each page, the number of correctly named objects was recorded.
The interference score was calculated according to the following
formula: time page 4 - ((time page 1 * time page 3)/(time
page 1 + time page 3). Additionally, the score was reversed, so
that a higher score indicated a higher level of inhibition; the
direction of this measure is in line with the other self-regulation
measures. While it was not possible to calculate reliabilities for
the sample of this study, the authors of the original English
version (Archibald and Kerns, 1999) report very good retest
reliabilities (r was between 0.87 and 0.93). For the German
adaptation, a CFA supported the one-dimensional structure
(Rothlisberger et al., 2010).

3.2.2 Working memory updating

To measure working memory updating, the participants had
to repeat digits backward (Petermann and Petermann, 2007).
The number of digits was increased until two consecutive
trials could not be repeated successfully. As a score, the
total number of correct answers was calculated, where a
higher score indicated a higher level of working memory
updating. While we could not assess internal consistency,
other studies report a high retest reliability (r = 0.71;
Miiller et al., 2012).

3.2.3 Flexibility

Flexibility was assessed using an age-modified version of
the Wisconsin card-sorting task (Rothlisberger et al., 2010). The
participants saw two differently colored families of fish on a
screen and were instructed to feed them alternately. To feed
them, the participants had to press a key according to the
position of the fish on the screen. In most trials, each family
was on its own side of the screen, but in some trials the fish
switched places, so that the participants also had to change
their reactions. As a measure, the number of correct responses
in the switch trials was calculated. Higher scores indicated
a higher level of cognitive flexibility. The reported split-half
reliability of this test was also high (r = 0.70 Rothlisberger et al,
2010).
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3.2.4 Total score

The total score was calculated from the individual task scores
by averaging the standardized flexibility, inhibition, and working
memory updating for each individual. A Bayesian multilevel CFA
was conducted to check whether all indicators loaded on the
same factor for T1. The PPP = 0.519 and the CI was [—16.246;
16.150], which indicated a good fit. Similar results were obtained
for T2 [PPP =0.52; CI = [—17.3; 19.65]]. Evidence for strong
measurement invariance was also found.

3.2.5 Control variables

Gender and age were reported by the participants. Information
about participants’ classroom membership was provided by the
school administration.

3.3 Procedure

The sample was recruited using a clustered sampling approach.
Schools were contacted by the study group, which then contacted
individual teachers. The teachers distributed information to the
participants and their parents. Parents had to give written consent,
students had to give assent. All tests were administered individually
by trained research assistants. While most participants were
assessed in school, some participants were assessed at home or at
the University of Potsdam. Since the above-described tests were
part of a larger data collection procedure each participant was
contacted twice to ensure that each session did not took more than
1h. To control for possible order effects the order of the tests was
randomized between participants. The procedure was approved
by the ethics committee of the University of Potsdam, as well as
the Ministry of Education, Youth, and Sport of the Federal State
of Brandenburg, Germany. A complete description of the data
collection process can be found in Warschburger et al. (2023).

3.4 Data analysis plan

As a first step, all test data was z-standardized using the pooled
mean and standard deviation across the two time points. No
group mean centering was conducted. This was to ensure that
the different measures were comparable but the time effects could
still be observed. As a measure for the classmates’ self-regulation,
the mean level of each classroom for flexibility, working memory
updating, and inhibition was calculated. This approach would yield
reliable and valid scores for classes even if only a small number from
each class participated (Lidtke et al., 2008). Although a minimum
number of students per class was not set in the reported analyses,
the robustness of the results was verified by setting a minimum
threshold of five students per class, confirming the consistency of
the outcomes. Since only 3% of the participants were missing at T2,
we used a complete case analysis. This approach results in unbiased
regression coefficients given data Missing at Random (MAR) as well
as Missing Completely at Random (MCAR; Little, 2024), which are
the focus of this paper.
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The models were estimated using the Ime4 package in R (Bates
et al, 2012). Since the Shapiro-WilK’s test was significant for all
variables and the kurtosis exceeded three, residual bootstrapping
was used to estimate the confidence intervals as implemented in
Imeresampler (Loy et al., 2022). This approach does not require a
normal distribution and yields robust results. To assess significance,
the 95% confidence interval was inspected. Since the data is
highly skewed, all figures include both the raw values and the
percentile scores.

A power analysis was conducted using the R-package
mlmpower (Keller, 2023). For effect sizes >0.1, the power
consistently exceeded >0.95 for within-subject effects, between-
subject effects, and cross-level interactions. However, the
simulations also revealed that, due to the low variance at the
class level attributed to the small intraclass correlation coefficient
(ICC), there was a high likelihood of negative variance occurring,
especially after adding additional predictors.

4 Results

4.1 Descriptive results

The descriptive results at the individual level are displayed in
Table 1. Across all three different self-regulation facets, mean scores
increased from T1 to T2. This pattern can be attributed to the
higher age at T2 indicating an increase in self-regulation with age,
which is in line with the positive correlation of the self-regulation
facets and age. The correlations among the three different facets of
self-regulation are medium in size and always positive, as expected.

For the class level, comparable information is displayed in
Table 2, where the descriptives for the class-level scores are
depicted. The variance is slightly lower compared to the individual
level, whereas the correlations are slightly higher compared to the
individual level. Additionally, the intraclass correlations (ICCs)
are included in Table 2. ICCs give a relative explanation of the
total variance by individual characteristics and by the class-level
information. For all six variables, the confidence interval for the
variances is >0, showing that the class level adds to the explanation
of self-regulation and should be taken into account. Their size is
between 0.10 and 0.20, which is normally expected for variables
collected in school settings (Hedges and Hedberg, 2007).

4.2 Main effects of class level

The first hypothesis was investigated using a multilevel model
that predicted each of the self-regulation facets, as well as the total
score at T2. The respective individual and classroom scores were
used as predictors. Additionally, age and gender were included as
control variables, and classes were allowed to differ in their mean
scores. The results are shown in Table 3.

For flexibility and working memory updating, a higher class
mean at T1 predicted a higher level of individual self-regulation,
controlling for the individual score at T1. No significant association
with the class-level score at T1 and the individual scores at T2
was found for inhibition. These findings lend qualified support
to Hypothesis 1. Additionally, participants with a higher level of
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TABLE 1 Z-standardized means, standard deviation, and correlations of level-1 constructs.

Measure Mean (SD)

1. Inhibition (T1) —0.28 (1.04)

2. Flexibility (T1) —0.26 (1.07) 0.33

3. Working memory —0.15 (0.98) 0.27 0.35

updating (T1)

4. Inhibition (T2) 0.29 (0.87) 0.59 0.31 0.22

5. Flexibility (T2) 0.27 (0.84) 0.34 0.57 0.31 0.33

6. Working memory 0.15 (1.00) 0.26 0.33 0.45 0.28 0.32

updating (T2)

7. Age (T1) 8.36 (0.95) 0.35 0.28 0.24 0.32 0.22 0.18
8. Gender® 52% female —0.08 —0.14 —0.14 —0.09 —0.09 —0.00 0.03

2Gender was dummy-coded 0 = female, 1 = male.

Eight-month stability is marked in bold. For gender, the point-biserial correlation was calculated.

TABLE 2 Class-level means, standard deviation, intraclass-correlations (ICC), and correlations.

Measure Mean (SD) ICC (LL, UL)

1. Inhibition (T1) —0.32 (0.54) 0.18 (0.12, 0.21) - - - - - -
2. Flexibility (T1) 0.25 (0.45) 0.16 (0.12, 0.21) 0.60 - - - - -
3. Working memory —0.28 (0.60) 0.14 (0.10, 0.18) 0.55 0.68 - - - -
updating (T1)

4. Inhibition (T2) —0.16 (0.52) 0.16 (0.12, 0.20) 0.70 0.54 0.48 - - -
5. Flexibility (T2) 0.22 (0.49) 0.12 (0.08, 0.17) 0.56 0.75 0.69 0.51 - -
6. Working memory 0.11 (0.48) 0.11 (0.07, 0.14) 0.44 0.61 0.68 0.54 0.62 -
updating (T2)

TABLE 3 Predicting later individual executive functions by individual and class-level score, controlling for age and gender.

Inhibition (T2)

Flexibility (T?2)

Working memory Total SR (T2)

updating (T2)

(Intercept) —0.72* —0.14 0.02 0.07

Class score (T1) 0.10 0.17* 0.26* 0.19*
Individual score (T1) 0.54* 0.52* 0.39* 0.63*
Age 0.10* 0.02 —0.00 —0.00
Gender —0.10* —0.03 —0.02 —0.03
SD (Intercept class level) 0.15* 0.14* 0.16* 0.12*
SD (individual) 0.78* 0.81* 0.87* 0.51*
No. obs. 1,592 1,569 1,588 1,541

*p < 0.05.

individual self-regulation at T1 also reported a higher level of self-
regulation at T2 for all individual facets. While girls and older
children reported a higher level of inhibition at T2, these two
control variables did not significantly predict the T2 scores for
flexibility and working memory updating.

To answer the first research question, additionally the
total score was calculated. The findings were comparable. The
individual score at T1 predicted the one at T2, but neither age
nor gender predicted T2. However, the key finding was that
students who were surrounded by peers with a higher level
of self-regulation skills did show a better performance at T2,
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8 months later. This underscores that, besides the individual
level of self-regulation, the average level in the classroom is
predictive too.

4.3 The effect of moderators on the
association between class-level self-
regulation and individual self-regulation

The second research question focused on whether the above
results hold for everyone or are affected by individual variables. To
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accomplish this, the models in the prior paths were extended by
adding cross-level interaction terms. The entire tables are available
in the Supplementary Tables S1-S3.

The first moderator of interest was gender. The relationship
between class-level self-regulation and later individual self-
regulation was not moderated by participant gender for any of
the three facets or the total score. This means that the classmates’
influence seemed similar for boys and girls. A similar picture
was found for age. Also, this moderator did not influence the
relationship between class-level self-regulation at T1 and self-
regulation at T2, since none of the interaction effects with age
turned out to be significant.

However, for the T1 score of individual self-regulation, a
slightly different picture emerged. While no significant interaction
was found for inhibition, working memory updating, or the total
score, the interaction between individual flexibility at T1 and
class-level flexibility at T1 significantly predicted later individual
flexibility. This interaction is plotted in Figure 1. It shows that for
participants with a low level of individual flexibility the two lines for
classroom flexibility differ, while for participants with a high level
of individual flexibility the two lines meet at the same point. This
means that students with a low individual level of flexibility gained
from being surrounded by peers with a high level of flexibility, while
students with a high level of flexibility did not seem to be affected
by their peers. To provide a more comprehensive view, a Johnson-
Neyman (JN) chart (McCabe et al., 2018) was created in addition
to the simple interaction plots, which only visualize interaction
terms over two or three discrete values, which allows to visualize
the interaction term over the complete range of both variables.
In Figure 2 on the x-axis the individual level flexibility is plotted,
while on the y-axis the magnitude of the regression-coefficient of
class-level flexibility is plotted. The idea behind this visualization,
is that an interaction can be conceptualized, that the impact of one
variable depends on the value of a second one. This figure shows
that the higher the individual cognitive flexibility, the smaller is the
impact their class mates. The classmates had a significant impact
for the lower 60% of the sample, while above this threshold the
coefficient was still positive, but not significant.

5 Discussion

The process of developing self-regulation is multifaceted, being
shaped by a confluence of genetic factors and social interactions.
Notably, during the critical phases for the development of self-
regulation in late childhood and early adolescence, peers emerge
as significant agents of influence. This article is dedicated to
exploring the extent to which peers self-regulatory behaviors
predict subsequent self-regulation in children. Additionally, it aims
to discern whether specific subgroups of children derive greater
benefits from being in the presence of individuals exhibiting
high levels of self-regulation. It was hypothesized that class-level
self-regulation would predict later individual-level self-regulation,
controlling for individual stability as well as age and gender as
control variables that might influence self-regulation. Except for
inhibition, the results did support the prediction. For inhibition, no
relationship between the class-level and later individual level-scores
was found.
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The theoretical basis of the central hypothesis was the
assumption that peer effects are a result of observational learning
(Bandura, 2000). Except for inhibition, the result pattern supports
this theoretical basis. This emphasizes that self-regulation is also
shaped by social interactions during late childhood. Currently,
many theories focusing on self-regulation see the social context as
playing only a minor role (e.g., Nigg, 2017; Carver and Scheier,
2016). However, the results show that social interactions should
be incorporated into theories focusing on the development of self-
regulation. Extending these theories could enable the formulation
of clearer hypotheses and the prediction of which variables might
act as moderators. At the moment, the explanation of moderators
is still mostly on a one by one basis and the reasoning behind the
moderators is not connected.

The fact that no significant results for inhibition were found is
an important deviation from this overall pattern, since there is a
lack of previous studies investigating inhibition as a specific facet
of self-regulation. One explanation for this divergent pattern is that
inhibition is more stable across the investigated age range (Laureys
et al.,, 2021; Davidson et al,, 2006). Stable constructs should be
much less influenced by other factors. This notion is also supported
by other studies which investigated social influences on inhibition
during this age period and also did not report significant results
(e.g., video games; Colzato et al.,, 2013). However, to really test
this explanation, a larger age range in a similar setting would
be necessary.

One research question asked whether the relationships between
class-level self-regulation and the facets and total score of
individual-level self-regulation are moderated by participants’ age,
gender, and self-regulation at T1. No moderation of initial self-
regulation was found for impulsivity or working memory updating,
or for the total score. The missing moderation effects would be in
line with simple learning principle. Since the basic observational
learning principles apply to everyone in a similar fashion, the
finding that no moderation was found would support this theory
(Skinner, 1974; Klein, 2012).

One significant interaction emerged: Figure I shows that
participants with a lower initial level of flexibility gained more
from being surrounded by highly flexible people, while students
with higher initial levels of flexibility profited less. One possible
explanation could be that a high level of flexibility is a protective
factor against negative influences (e.g., Stepanyan et al., 2020; Harel
et al., 2023). Since students with a high level of self-regulation
should be above the mean level of self-regulation in that class,
the effect of their follow students should be smaller or even non-
existent. However, since this effect was small, a replication with a
different data set seems necessary.

5.1 Limitations

One limitation is that no data regarding the influence of
teachers’ behavior was available. Prior research has shown that
the structure of lessons delivered by the teacher can influence
the development of an individual’s self-regulation (Schunk et al.,
2022). However, longitudinal modeling controls for missing control
variables which are stable over the investigated time period.
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Interaction between individual and class-level flexibility at T1 predicting flexibility at T2.
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Teachers normally stay with the same classes in Germany during
that age period (Dobert, 2015), so teacher influence should not
impact the results. Nevertheless, it is important to keep in mind
that, although longitudinal modeling was used, no causal inference
can be drawn. The only ethical experimental approach that would
allow causal interference would be to train some of the students in
a class to self-regulate and afterwards measure the spill-over effect
on the untrained participants in the same class.

The time gap between the two measurement points was 8-9
months. The specific choice for the spacing between measurements
influences the results (Driver et al., 2017). However, increasing
the time interval can increase stability coefficients as well as
reduce them, depending on the underlying processes. One possible
solution to this problem would be to use Continuous Time
Structural Equation Modeling (Voelkle et al., 2012).
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One problem with this study, as well as most other studies
(e.g., Wei et al, 2021), is that they are not designed with the
intention of investigating group influences; rather, these analyses
are often added post-hoc. This can lead to the problem that,
often, instruments are employed that are not specifically designed
for this use, or individual interactions between students are
measured. While this applies also to this study, the use of well-
validated psychological tests that measure self-regulation enables a
comparison with the results on self-regulation in other contexts.

5.2 Outlook and practical implications

One point that should be addressed in future research is
the investigation of the processes involved. Although the main
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hypothesis was based on observational learning theory and the
results are in line with this theory, alternative explanations or other
theoretical models should not be dismissed. Therefore, it seems
advisable to include more fine-grained measures (e.g., including
questionnaires assessing normative beliefs about self-regulation;
Bandura, 2000) that allow researchers to investigate the different
processes in more detail in future studies, as an understanding
of the processes involved is essential for developing interventions
(Glanz and Bishop, 2010).

The practical implications of these findings are multifaceted.
First, they suggest that interventions aimed at improving self-
regulation in children should mix children with different levels of
self-regulation to leverage the benefits of observational learning.
Since self-regulation is central to most activities (Robson et al.,
2020), it can be assumed that children observe and learn from the
self-regulation behaviors of their peers, even when self-regulation
is not the primary focus of the group. This is particularly important
for cognitive flexibility, as children with a high level of cognitive
flexibility do not appear to experience detrimental effects from
being surrounded by peers with lower levels of cognitive flexibility.
This indicates that such mixed-level groupings can be beneficial
without the risk of negatively impacting those who already exhibit
strong self-regulation skills.

It is a widely established finding that a high level of self-
regulation is important for individual development (Robson et al.,
2020). Therefore, it seems sensible to test whether the changes in
self-regulation also translate into other behaviors that are linked
to self-regulation. This becomes even more important since self-
regulation can be trained inside and outside of school (Karbach and
Kray, 2016). Using approaches to train self-regulation for students
who are in school would not only directly benefit the students who
receive the training, but could also benefit other, untrained students
in the same class.
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