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A B S T R A C T   

This longitudinal study examined three groups of children with different levels of developmental functioning 
who were attending the same inclusive preschool classrooms. It investigated whether gains in self-regulation 
varied according to developmental functioning and whether the longitudinal associations between self- 
regulation and later engagement, prosociality, and hyperactivity differed between children with low, medium, 
and high levels of functioning. Participants comprised 247 preschoolers. Fifty-four were low functioning, 78 were 
low-medium functioning, and 115 were medium-high functioning. All groups improved their self-regulation over 
time, though initial levels and growth patterns were different. Children with low-medium functioning showed 
more accelerated gains than the other groups. Gains in self-regulation were associated with lower hyperactivity 
and higher engagement in all groups by the end of preschool. Developmental functioning was related to later 
prosociality and engagement. The results revealed potential differentiated trajectories for children within the 
same classrooms, highlighting the interdependence of developmental functioning and self-regulation.   

Inclusion in Early Childhood Education and Care (ECEC) is a com-
plex process that targets all children (Organization for Economic 
Cooperation and Development, 2019; Stubbs, 2008; Ebersold, 2015), 
with current approaches highlighting classroom diversity in terms of 
variability in children’s abilities as inevitable in the scope of human 
development. It is generally regarded that ECEC creates opportunities to 
promote all children’s participation and increase their functioning and 
learning outcomes. However, studies have shown that inclusion poses 
additional challenges in educational settings because teachers have to 
address a wide range of characteristics while ensuring a high-quality 
responsive environment for all (Coelho & Pinto, 2018; Pinto et al., 
2012). 

There is robust evidence showing the lasting effects of readiness 
skills on later school success (e.g., Duncan et al., 2007). However, 
studies have also shown a variation in children’s competencies at the 
end of preschool. For instance, children with disabilities or who are at 
risk (biologically and/or environmentally) are often lower functioning 

and achieve poorer results in several readiness outcomes during the 
preschool years (e.g., Karaaslan & Mahoney, 2015). Nevertheless, 
studies involving children with disabilities have tended to focus on those 
with more severe issues (e.g., those whose difficulties allow a diagnosis 
and/or are more evident), with little attention paid to the learning 
pathways of children with emerging difficulties (and no associated 
biological and/or environmental risk) and the role of transactional 
processes that shape their trajectories. Early identification of risk factors 
for disabilities or poor outcomes during the school years seems to be 
minimal and/or associated with the presence of severe biological or 
environmental risk factors; less attention has been given to less evident 
and severe risk factors or signs of difficulties (e.g., (Goldfeld et al., 2015; 
Kauffman, Travers, & Badar, 2020; Mensah & Badu-Shayar, 2016). 
Functioning presents an alternative and promising way to characterize 
development and has increasingly received theoretical and empirical 
support (Castro & Pinto, 2015; Karaaslan & Mahoney, 2015). Func-
tioning can be determined for all children, regardless of disability status, 
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age, or environmental conditions, and has the potential to better capture 
the diverse abilities of children and their needs within a classroom. 
Additionally, using the developmental systems frameworks that under-
line the interrelatedness of preschool outcomes (Fischer & Bidell, 2006; 
Osher, Cantor, Berg, Steyer, & Rose, 2020), researchers have begun to 
identify foundational skills that are important for a broad range of 
developmental domains. Self-regulation has been acknowledged as one 
such pivotal skill, with several studies linking it with children’s learning, 
adjustment, engagement, and social competencies (e.g., Blair & Razza, 
2007; Eisenberg et al., 2001; Lin, Chen, Justice, & Sawyer, 2019; 
McClelland et al., 2007; Olson, Sameroff, Kerr, Lopez, & Wellman, 2005; 
Valiente, Lemery-Chalfant, & Castro, 2007; Williford, Whittaker, 
Vitiello, & Downer, 2013). Self-regulation is commonly defined as a 
multidimensional construct (Baumeister & Vohs, 2004), and refers to 
the different ways children adjust their behaviors and emotions to 
respond to environmental demands and achieve individual goals (Blair, 
2002). Although there is robust evidence showing the unique role of 
self-regulation on early school success, relatively little is known about 
the longitudinal trajectories of self-regulation in preschool for some 
children with different levels of functioning. Moreover, it is unclear 
whether self-regulation in preschool is equally important for all children 
or whether it is more important for children with low functioning. An 
understanding of differentiated association between self-regulation and 
preschool skills might help in the design of early intervention strategies. 
The present study takes a longitudinal perspective to explore associa-
tions between self-regulation skills and important child outcomes such 
as engagement, prosociality, and hyperactivity, in the context of 
different levels of functioning within classrooms. 

Child functioning: portraying diversity and child development in 
inclusive settings 

Traditionally, when inclusion is being discussed, disability status and 
risk factors such as biological and/or environmental risk factors, are 
often described as main sources of variability in educational settings. 
Additionally, both disability status and risk factors set the conditions for 
child support in ECEC settings. However, recent studies show that 
similar patterns of needs can be found among several children, regard-
less of their diagnoses, disability conditions, or presence of biological/ 
environmental risk factors (Castro, Palikara, & Grande, 2019; Castro & 
Pinto, 2015; Nilholm & Göransson, 2017; Pinto et al., 2019). In partic-
ular, some children who do not have any biological and/or environ-
mental risk factor associated, can present difficulties in responding to 
educational tasks and challenges. Thus, functional assessments in 
educational settings enable the identification of children who have a 
higher risk of presenting lower participation and performance in such 
settings by approaching child functioning problems per se as an early 
indicator of risk for difficulties in development and educational inclu-
sion (e.g., Coelho & Pinto, 2018; DeCandia, Volk, Unick, & Donegan, 
2020; Martin, 2012; Nave et al., 2009; Simeonsson et al., 2003). Several 
studies have discussed the need to focus on developmental functioning 
to better understand children’s development in context (e.g., Matheis, 
Matson, Hong, & Cervantes, 2019; Nave et al., 2009). 

Functioning in educational settings has been seen increasingly as a 
better way of characterizing children’s levels of development than 
diagnostic categories (e.g., World Health Organization, 2007; 
Simeonsson et al., 2003). This perspective builds on the bioecological 
and transactional models of development (Bronfenbrenner & Morris, 
2006; Sameroff & Fiese, 2000) and highlights the bidirectional in-
fluences of individuals and their environment (i.e., physical and social 
characteristics) on the positive functioning of children with and without 
disabilities. The concept of developmental functioning does not deny the 
importance of developmental acquisitions or diagnosis but explains that 
a typically developing child and a child with some impairment can have 
similar functioning levels with adequate environmental support and 
adaptations. Moreover, it can be used to identify children with emerging 

difficulties and to study the trajectories of those with different skills and 
needs. In this scope, developmental functioning refers to the form that 
development takes over time, considering that there are expected 
developmental stages/acquisition but that every child develops and uses 
their skills in context in a unique way. Thus, developmental functioning 
is not solely dependent on the developmental acquisitions but rather on 
the interaction between environmental factors and child characteristics, 
underlining the role of environment in hindering or enabling child 
functioning beyond developmental acquisitions. The concept of devel-
opmental functioning emphasizes that functioning and development 
must be regarded as integrated concepts (e.g., Magnusson & Stattin, 
2007; Matheis et al., 2019), an idea that is well aligned with the current 
developmental systems framework. Both argue that individual- 
contextual interactions are the key drivers of developmental processes 
across the life cycle (Cantor, Osher, Berg, Steyer, & Rose, 2019; Osher 
et al., 2020). In terms of the developmental systems framework, 
particular attention has been given to childhood experiences and the 
role of contextual factors, with variability and stability providing rele-
vant information (Cantor et al., 2019). There is a need for a broader 
perspective in the education and psychology fields, one that takes into 
account individual variability in children’s abilities and needs in in-
clusive preschools (Luthar, Grossman, & Small, 2015) and combines 
diagnosis with functional assessments to inform interventions. Re-
searchers must consider a wider range of variables if they are to un-
derstand risk and detect nuances in child trajectories. 

Functioning and child engagement, prosociality, and 
hyperactivity 

Children’s readiness is widely recognized as crucial for later school 
success (e.g., Duncan et al., 2007). There is robust evidence showing that 
preschool skills are associated with later performance and adjustment 
(Duncan et al., 2007; Mashburn & Pianta, 2006; Snow, 2006). School 
readiness encompasses a broad range of traditional (e.g., language and 
mathematics) and socioemotional and behavioral domains (La Paro & 
Pianta, 2000). Indeed, several authors contend that socioemotional, 
attentional, and behavioral skills are as important as academic/cogni-
tive skills (Blair, 2002; Blair & Raver, 2015)). Particularly when dis-
cussing inclusion, the need to go beyond readiness pre-academic skills is 
stressed even more (e.g., Imms et al., 2017; Sjoman, Granlund, & 
Almqvist, 2016;). To participate in ECEC settings, all children, regard-
less of their functioning and developmental status, need to develop a set 
of core competencies that allow them to take advantage of the oppor-
tunities provided by their social and physical environment (e.g., CASEL, 
2021; Diakiw, 2016; Durlak, Weissberg, Dymnicki, Taylor, & Schel-
linger, 2011). Such skills include the ability to engage and complete 
tasks and develop and maintain positive relationships with peers and 
adults (e.g., Bayrami & Gordon, 2017; Diakiw, 2016). By contrast, 
externalizing behaviors, such as hyperactivity and inattention, can in-
crease the risk of negative development, learning, and adjustment. The 
present study focuses on child engagement, prosocial behaviors, and 
externalizing behavior issues. 

Child engagement refers to appropriate interactions with adults, 
peers, and/or materials (McWilliam & Bailey, 1995). When children are 
engaged, they show interest and well-being and are thus more likely to 
take advantage of the learning opportunities available to them. In 
educational settings, engagement is positively associated with children’s 
learning and adjustment, both for children with and without disabilities 
(e.g., Brock, Rimm-Kaufman, Nathanson, & Grimm, 2009). Research 
shows that engagement can contribute to preventing negative outcomes 
for children at risk in the early years (e.g., Pears, Kim, Fisher, & Yoerger, 
2013) and can explain changes in the trajectories of school-age children 
considered at risk (due to biological and/environmental factors) and 
who are developing typically (e.g., Guo, Sun, Breit-Smith, Morrison, & 
Connor, 2015). Engagement is also highlighted as an overall goal in 
ECEC because it helps improve children’s social and communication 
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skills, participation, and later school success (Division for Early Child-
hood & National Association for the Education of Young Children, 
2009). 

Prosociality refers to children’s actions that are intended to interact 
with and benefit others, including behaviors such as helping, sharing, 
and comforting others (Denham et al., 2012). These are especially 
important for children with and without disabilities; research has shown 
that prosociality can facilitate academic success while minimizing 
behavioral problems in the classroom in the early years (e.g., Guralnick, 
1999; McClelland, Frederick, & Deborah, 2000; McClelland et al., 2007). 
In inclusive settings, prosociality is also stressed as important for chil-
dren’s participation and inclusion (e.g., Guralnick, Hammond, Neville, 
& Connor, 2008; World Health Organization, 2013). For children at risk, 
early social behaviors are considered crucial for development because 
they help overcome the negative trajectories associated with the pres-
ence of risk factors such as low socioeconomic status or maternal edu-
cation (e.g., Domitrovich, Durlak, Staley, & Weissberg, 2017). 
Externalizing behavioral problems include inattention, hyperactivity, 
and impulsive behaviors; they represent the most frequent concerns of 
professionals related to children’s mental health in educational settings 
(Fauth, Platt, & Parsons, 2017; Graziano et al., 2015). Externalizing 
behavioral problems in preschool have been linked to poor academic 
achievement and a greater probability of lower social skills, peer 
rejection, and poor academic outcomes in elementary school, particu-
larly among children at risk (Kouros, Cummings, & Davies, 2010). 

Studies have shown that children with developmental disabilities 
often present lower levels of engagement (McWilliam & Bailey, 1995) 
and exhibit less prosociality, thus increasing the risk of negative 
developmental outcomes (Phillips & Lonigan, 2010), such as behavioral 
and emotional problems, when compared with children with typical 
development in ECEC contexts (e.g., Baker et al., 2003; Emerson et al., 
2014; Fauth et al., 2017). However, most researchers have taken more 
traditional approaches, comparing children with specific diagnoses with 
children without disabilities and without taking into account the greater 
variability of functioning levels (e.g., considering children with 
emerging difficulties). It might be best to capture the factors that 
improve engagement and prosociality and reduce externalizing behav-
ioral problems for different children in ECEC. 

Self-regulation in the early years 

Self-regulation skills grow rapidly during the early years and 
continue to grow through the life cycle (Diamond, Stuss, & Knight, 2002; 
Kochanska, Coy, & Murray, 2001; McClelland & Cameron, 2012). It is 
now well-established that self-regulation is foundational for children’s 
readiness skills. Children with greater self-regulation skills seem to be 
more able to adapt to the challenges posed by educational settings, thus 
contributing to decreased behavioral problems and increasing positive 
engagement and prosocial behaviors (e.g., Eisenberg, Valiente, & 
Eggum, 2010; McClelland et al., 2007; Olson et al., 2005; Sawyer, 
Miller-Lewis, Searle, Sawyer, & Lynch, 2015). Self-regulation skills are 
strongly related to children’s engagement (Bohlmann & Downer, 2016; 
Eisenberg et al., 2010; Nesbitt, Farran, & Fuhs, 2015; Williford et al., 
2013), with studies showing that engagement in preschool mediates 
relations between children’s self-regulation and school achievement 
(Bohlmann & Downer, 2016). 

Self-regulation skills were also found to help children respond to 
social interactions (Carlson & Wang, 2007). In particular, self-regulation 
skills were associated with prosocial behavior for children with typical 
development and children at risk (e.g., Denham et al., 2012). Negative 
associations between self-regulation skills and children’s behavioral 
problems have also been consistently described in cross-sectional studies 
(e.g., Rezazadeh, Wilding, & Cornish, 2011) and longitudinal research 
(e.g., Perry, Calkins, Dollar, Keane, & Shanahan, 2018). 

The development of self-regulation begins in infancy, with previous 
research showing that self-regulation appears to develop at different 

times and rates, considering the transactional back-and-forth develop-
mental relationships between children’s biological characteristics and 
their contextual experiences (e.g., Chang, Shaw, Dishion, Gardner, & 
Wilson, 2014; Montroy, Bowles, Skibbe, McClelland, & Morrison, 2016). 
As such, literature underlines that it is expect that the development of 
self-regulation in early childhood is likely best represented by a 
nonlinear function (e.g., Diamond et al., 2002; Montroy et al., 2016). 
Particularly for children with atypical developmental trajectories (e.g., 
with disabilities or at risk), and building from the dynamic systems 
models, this hypothesis that a nonlinear trajectory can better represent 
self-regulation growth highlights the potential of environmental expe-
riences in shaping children’s trajectories. Studies have underlined that 
children with disabilities often present deficits in the development of 
their self-regulation because their cognitive systems can be impaired (e. 
g., Crnic, Hoffman, Gaze, & Edelbrock, 2004; Nader-Grosbois & Vieil-
levoye, 2012). Children’s developmental status can affect self- 
regulation, thus leading to even greater variability in individual tra-
jectories (Nader-Grosbois & Lefèvre, 2011; Nader-Grosbois & Vieille-
voye, 2012). Some studies, including longitudinal ones, have examined 
self-regulation skills in children with specific types of disabilities (e.g., 
autism spectrum disorder and Down syndrome; Barnard-Brak, Ivey- 
Hatz, Ward, & Wei, 2014) and at-risk populations (e.g., low socioeco-
nomic status; Schmitt et al., 2019). However, few studies have examined 
self-regulation trajectories involving children with varying levels of 
functioning (e.g., Caprara, Barbaranelli, Pastorelli, Bandura, & Zim-
bardo, 2000; Castro et al., 2019; Coelho, Cadima, Pinto, & Guimarães, 
2019; Davies, Janus, Duku, & Gaskin, 2016; Gagné, Janus, Milbrath, 
Gadermann, & Guhn, 2018). 

Recent studies have suggested that the paths linking self-regulation 
and readiness may be different for different children (Coelho et al., 
2019; Rudasill & Rimm-Kaufman, 2009), so it is important to investigate 
moderating effects. Building on the pivotal role of self-regulation for 
children’s outcomes, previous studies have shown that self-regulation 
can moderate the relation between child developmental competencies 
and the ability to use them in contexts with varying environmental de-
mands (Chandler et al., 2021; Lonigan et al., 2022). For instance, in their 
study of typically developing preschoolers, Chandler et al. (2021) found 
that self-regulation moderated the relationship between the child’s fine 
motor skills (developmental) and the ability to write. Self-regulation 
was particularly important for children with higher levels of fine 
motor skills when they were completing a challenging writing task and 
for children with lower fine motor skills for simpler writing tasks. The 
authors’ findings suggested that the effects of fine motor skills on early 
writing skills varied as a function of levels of self-regulation and the 
difficulty of the writing task; overall, the authors conclude that self- 
regulation appeared to compensate for deficits in fine motor skills 
when children were performing writing tasks. Lengua and Long (2002) 
study of older children showed that self-regulation mitigated the effects 
of stress on adjustment problems. A recent study involving children with 
autism spectrum disorder and attention-deficit/hyperactivity disorder 
concluded that self-regulation skills were predictive of responses to an 
intensive behavioral summer treatment program, even after accounting 
for diagnostic symptoms (Ros and Graziano, 2020). Together, these 
findings suggest that self-regulation may not only be a foundational skill 
for child readiness skills but also can counteract the negative influences 
of low performance in other developmental skills. 

We used a developmental systems framework, which considers 
development as a dynamic process where self-regulation and other 
developmental skills may compensate for deficits in one or the other 
skill, to build on the above findings and test whether self-regulation 
might compensate for the negative influence of functioning on readi-
ness skills (such as engagement, prosociality, and hyperactivity). We 
hypothesized that high levels of self-regulation would be particularly 
important for children with low functioning in terms of end-of-preschool 
outcomes. 
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The present study 

The present study aimed to characterize trajectories of self- 
regulation and the former’s links to other important non-academic 
readiness skills, such as engagement and prosociality, in three groups 
of children with different developmental functioning who were 
attending the same ECEC settings. The abovementioned functioning 
refers to the form that development takes over time and in context, 
namely daily behaviors such as interactive behaviors with peers and 
adults (e.g., playing, using verbal and/or nonverbal language) and ob-
jects (e.g., manipulating for achieving a goal), with the recognition that 
children’s abilities are not uniquely dependent on the developmental 
acquisitions but rather on the interaction between environmental factors 
and child characteristics (e.g., Magnusson & Stattin, 2007; Matheis 
et al., 2019). The participants were selected as representative of three 
levels of child developmental functioning within the same classroom: 
those with identified disabilities (with a diagnosis and with low func-
tioning) and those without disabilities but with different levels of 
developmentalfunctioning (i.e., higher and medium-low). This selection 
was based on the teacher’s report on a developmental functioning 
measure, allowing to select the children with higher values of func-
tioning in this assessment for the high-functioning group, and the chil-
dren with the lowest values for the medium-low functioning group. The 
study aimed to analyze: (a) the growth of self-regulation skills in the 
three groups of children with different developmental functioning; and 
(b) whether initial and growth levels of self-regulation predicted later 
child engagement in preschool (as observed and reported by teachers) 
and prosociality and hyperactivity differently for children in each group. 
Understanding the extent to which self-regulation skills are important 
for other child readiness skills can inform interventions aimed at 
reducing externalizing behavioral problems and improving prosociality 
and positive engagement. It is globally recognized that to achieve true 
inclusion in education, classroom diversity must be better understood. 
The present study was the first step towards a consideration of func-
tioning in addition to diagnoses in educational settings. 

Method 

Participants 

The participants included 247 preschool children (Mmonths = 46.92 
SD = 6.71) attending 42 classrooms (Table 2). Thirty-seven classrooms 
were public and five were private non-profit. All schools were in the 
north of Portugal and served preschool-age children (3 to 6 years old). 
Classrooms from both urban and suburban areas were included. To 
capture within-classroom variability regarding children’s functioning 
characteristics, three groups were considered: (a) children eligible for 
early childhood intervention (ECI)/special education (SE) and with low 
functioning (n = 54 at T1); (b) children perceived by teachers as having 
emerging medium-low functioning difficulties (n = 78 at T1); and (c) 
children perceived by teachers as having higher functioning (n = 115 at 
T1). The teachers assessed child functioning using a short version (α =
0.94) of the Matrix for Assessment of Activities and Participation 
(MAAP; Castro & Pinto, 2015). Under Portuguese law (3/2008), eligible 
children for ECI/SE in ECEC have low functioning and participation as a 
consequence of permanent impairments in body functions and/or 
structures. Thus, in the first group, all children had a diagnosis that 
impacted functioning in preschool and presented low functioning levels. 
Children in the low developmental functioning group had varying di-
agnoses, including global developmental delay (n = 20); autism spec-
trum disorders (n = 17); cerebral palsy (n = 4); Down syndrome (n = 3); 
language delay (n = 2); hyperactivity (n = 2); a cardiac condition (n =
1); a hearing deficit (n = 1); and rare syndromes such as Kabuki, Cost-
ello, and Cri-du-chat (n = 4). At least one child eligible for SE per 
classroom was selected for this group. For the second group (the low- 
medium developmental functioning group), two children who were 

not eligible for SE additional support and with the lowest scores in the 
MAAP were selected. For the third group (the medium-high develop-
mental functioning group), the three children with the highest scores in 
the MAAP were selected. This ensured that children with diverse func-
tioning were selected. 

The participants’ mothers were, on average, 35.15 (SD = 5.49) years 
of age, with no differences between the three groups of children (F 
[2224] = 2.09, p = .13). Their level of education ranged from 3 years of 
education (lower than elementary school level) to 16 years (higher ed-
ucation level). The average number of years of the mothers’ education 
was 11.04 (SD = 3.33). Monthly family income was similar across the 
three groups (χ2(18) = 27.96, p = .06), with 18.6% of the families 
having a monthly income between €500 and €750, 15.4% between €750 
and €1000; and 21.3% between €1000 and €1250. Those families whose 
incomes were below the minimum national wage (€500) represented 
7.7% of the total, and those over €2000, 9.9%. 

The classrooms were all-inclusive. The teachers were all female, with 
ages ranging between 27 and 59 years old (M = 50.04, SD = 6.58). All 
had a higher degree in preschool teaching, with an average of 16.09 
years of formal education (SD = 0.42). Teaching experience in preschool 
varied between 2 and 36 years (M = 25.50, SD = 7.13) and experience in 
inclusive classrooms, on average, 11.66 years (SD = 8.57). 

At Time 2 (T2), the overall number of participants dropped from that 
initially selected at T1. An attrition rate of 20% was registered. No 
attrition was registered from T2 to Time 3 (T3). Attrition was mainly 
because: (1) not all the children were attending preschool on T2 and T3 
observation days; (2) the children with low developmental functioning 
had moved to another setting. Observation criteria included the pres-
ence of at least 50% of the participating children within the classroom, 
including at least one child from each group. Thirty-nine classrooms 
participated at T2 and T3, including 47 children with low develop-
mental functioning, 60 with low-medium developmental functioning, 
and 91 with medium-high developmental functioning. No significant 
differences were found for the overall group age (t(243) = 0.68, p = .95), 
and sex (χ2(1) = 0.007, p = .93) between the children that continued in 
the study and those who dropped out. 

Procedure 

The present study was longitudinal, with three data collection mo-
ments across two school years (see Table 1). The study used a multi-
method approach, with data being collected both through observation 
(of children in preschool classrooms), questionnaires (for assessing child 
functioning engagement in preschool and prosociality and hyperactivi-
ty), and direct child assessment (for assessing self-regulation). The 
Committee for Monitoring Studies in Education Settings of the General 
Direction of the Ministry of Education and the Portuguese National Data 
Protection Authority approved the study; informed consent was ob-
tained from teachers and families. Data were collected at three time 
points (6-monthly). Child engagement was assessed using a multi-
method approach (teacher observation and report). 

Measures 

Developmental functioning 
The Matrix of Assessment of Activities and Participation was used to 

assess the children’s developmental functioning. This is a measure 
designed to assess functionality in accordance with the WHO (2007) and 
guidelines for ECI assessment-intervention processes in children be-
tween 2 and 6 years old. It was developed using the Delphi Method and 
based on the linkage between commonly used developmental measures 
(e.g., Griffiths Developmental Scales and Schedule of Growing Skills) 
and the International Classification of Functioning, Disability, and 
Health – Children and Youth version (ICF-CY; World Health Organiza-
tion, 2007) codes (Castro & Pinto, 2015). The MAAP items aim to 
portray the content of developmental measures; they match the ICF-CY 
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codes and provide profiles of children’s functionality in different do-
mains. This measure has been used with typically developing children, 
children with different types of disabilities, and children at risk (Castro 
& Pinto, 2015; Guichard & Grande, 2018). The MAAP can be completed 
by teachers. Each item is scored on a scale ranging from 1 (“The child 
has a total difficulty in the domain described”) to 5 (“The child is totally 
autonomous in the domain described”). An overall score is obtained by 
averaging the scores of all items, with higher scores representing higher 
levels of developmental functionality of the child in the specific context. 
There were good reliability values for the MAAP scores (Cronbach’s 
alpha between 0.76 and 0.98; Castro & Pinto, 2015) and significant 
differences between the scores of children with disabilities and typically 
developing children in several dimensions of the measure (Castro & 
Pinto, 2015). The short version of the MAAP used in the present study 
comprises six items based on the ICF-CY developmental code sets: basic 
knowledge skills; the ability to perform a single task; the acquisition of 
competencies in preschool tasks and routines; conversation; attention; 
and play competencies. Cronbach’s alpha for the short version of the 
MAAP in the present study was very good, with a value of 0.94 (Field, 
2009) 

Self-regulation 
Head-Toes-Knees-Shoulders is a direct observation measure focusing 

on the attention, working memory, and inhibitory control skills of 

children aged between 3 and 5 years (Ponitz et al., 2008). It comprises 
20 items coded between 0 (“When the child fails”) and 2 (“When the 
child answers correctly”). The measure is organized into two parts, plus 
six practice items in Part 1 and four in Part 2. The measure’s validity has 
been reported in several studies with different samples (Cadima, 
Gamelas, McClelland, & Peixoto, 2015; Graziano et al., 2015; McClel-
land & Cameron, 2012; McClelland et al., 2014). 

For purposes of reliability, the researchers received online training 
and completed a certification test, achieving an 85% agreement with a 
master coder. The HTKS was designed for children with typical devel-
opment, so adaptations were made to ensure that when children in the 
low/low-medium developmental functioning group did not understand 
the task, their scores were entered as non-applicable and excluded from 
the analysis. Adaptations of the HTKS, following the recommendations 
of the authors of the measure, included practice items in the overall 
scoring and two previous tasks, so that observers could check if children 
knew the body parts involved, as well as to assess whether they un-
derstood the task and the instructions. If the child did not understand the 
task or did not know the body parts, HTKS was not applied, and the data 
were entered as non-applicable for the child in question. If the children 
were not interested or refused to do the task, data were entered as 
missing for HTKS scores and the children were excluded from the 
analysis. Overall, eight children were excluded; three from the medium- 
high developmental functioning group and five from the low 

Table 1 
Study variables and study data collection moments.  

Variable Method Measurea Time-point 

Observation Questionnaire Time 1 Time 2 Time 3 

Developmental Functioning  ✓ MAAP ✓   
Engagement ✓ ✓ COP; CEQ ✓ ✓ ✓ 
Self-regulation ✓  HTKS ✓ ✓ ✓ 
Hyperactivity behaviors  ✓ SDQ ✓  ✓ 
Prosocial behavior  ✓ SDQ ✓  ✓ 
Teacher demographics and classroom structural characteristics  ✓ SCQ ✓ ✓  
Socio-demographic characteristics  ✓ FCQ ✓    

a MAAP – Matrix for Assessment of Activities and Participation; COP – Child Observation in Preschool; TOP – Teacher Observation in Preschool; CLASS – Classroom 
Assessing Scoring System; HTKS – Head, Toes, Knees and Shoulders; SDQ – Strengths and Difficulties Questionnaire; CEQ – Child Engagement Questionnaire; SCQ – 
Structural Characteristics Questionnaire; FCQ – Family Characteristics Questionnaire. 

Table 2 
Participants age, sex, developmental functioning levels, self-regulation, engagement, prosocial and hyperactivity behavior across the three time points.    

Children with low developmental 
functioning (n = 47) 

Children with low-medium developmental 
functioning (n = 60) 

Children with medium-high developmental 
functioning (n = 91) 

T1  Scale M (SD) M (SD) M (SD)  
Age (months)  46.88 (6.31) 46.17 (6.98) 40.08 (7.09)  
Sex (% male)  82 65 52  
Developmental 
Functioning 

1–5 2.83 (1.07) 3.58 (0.47) 4.79 (0.26)  

Self-regulation 0–60 6.53(10.44) 15.16(17.47) 30.21(19.93)  
Hyperactivity 0–10 6.73(3.06) 5.84(3.12) 2.44(2.81)  
Prosocial 0–10 5.06(3.05) 6.89(2.56) 8.71(1.97)  
Reported Engagement 1–4 2.35(0.65) 3.00(0.55) 3.56(0.41)  
Observed Engagement 1–5 2.76(0.47) 2.90(0.38) 2.97(0.33) 

T2  
Age (months)  53.92 (6.79) 52.73 (6.82) 52.92 (6.36)  
Sex (% male)  79 63 54  
Self-regulation 0–60 11.97(16.78) 26.08(19.34) 40.67(16.18)  
Reported Engagement 1–4 2.80(0.76) 3.40(0.44) 3.81(0.22)  
Observed Engagement 1–5 2.75(0.56) 3.02(0.38) 3.17(0.40) 

T3  
Age (months)  59.92 (6.79) 58.73 (6.82) 58.92 (6.36)  
Sex (% male)  79 63 54  
Self-regulation 0–60 19.42(20.87) 39.82(18.04) 50.58(10.13)  
Hyperactivity 0–10 4.87(3.55) 2.68(2.51) 1.38(2.03)  
Prosocial 0–10 6.23(3.02) 8.86(1.32) 9.70(0.78)  
Reported Engagement 1–4 2.61(0.82) 3.49(0.38) 3.82(0.23)  
Observed Engagement 1–5 2.86(0.52) 3.05(0.37) (0.33)  
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developmental functioning group (because they refused to carry out the 
task). The HTKS had previously been used for children with disabilities 
and/or at risk and its authors have recommended that the overall score 
includes practice items to ensure variability. In the present study, 
Cronbach’s alpha for HTKS was good, ranging between 0.83 and 0.96 for 
the three groups. 

Prosocial behavior and hyperactivity 
The Strengths and Difficulties Questionnaire (SDQ) is a brief 25-item 

behavioral screening questionnaire assessing children’s specific 
strengths and difficulties. Each item is scored using a 3-point scale (0 =
not true, 1 = somewhat true, and 2 = certainly true). It has a teacher and a 
parent form and age-related versions and has been widely employed. 
Several studies have confirmed its adequate psychometric properties 
and validity (Fauth et al., 2017; Goodman, 2001; Marzocchi et al., 2004; 
Sjoman et al., 2016). Items are organized in five subscales: Prosocial 
Behavior, Hyperactivity-Inattention, Emotional Symptoms, Conduct 
Problems, and Peer Relationships. Scores for each subscale vary between 
0 and 10. The present study used the teachers’ version. Prosocial 
Behavior and Hyperactivity-Inattention subscales were examined. 
Cronbach’s alpha for Prosocial Behavior was,0.71 for T1 and 0.88 for T3 
for the children with low developmental functioning; 0.74 for T1 and 
0.61 for T3 for the children with low-medium developmental func-
tioning; and 0.79 for T1 and 0.30 for T3 for the children with medium- 
high developmental functioning. Cronbach’s alpha for Hyperactivity 
was 0.78 for T1 and 0.72 for T3 for the children with low developmental 
functioning s; 0.84 for T1 and 0.60 for T3 for the children with low- 
medium developmental functioning; and 0.73 for T1 and 0.61 for T3 
for the children with medium-high developmental functioning. 

Child engagement 
The Child Observation in Preschool (COP) captures children’s 

behavior using a systematic behavior sampling procedure (snapshot 
procedure). It collects information in 9 dimensions: Listening and Verbal 
Behaviors, To Whom the Child Listens or Talks, Schedule, Proximity, 
Interaction State, Task, Materials, Focus, and Involvement/engagement. 
Each child is observed for 3 s, after which all categories are coded. 
Children in each classroom are observed sequentially. Children must be 
observed over 20 snapshots per preschool day. In the current study, each 
child was observed for an average of 20.87 (SD = 2.17) moments across 
the morning. The validity of COP has been reported in several studies 
and with different samples, including children with typical develop-
ment, children with disabilities, and children from low-income families 
(e.g., Coelho et al., 2021; Lillvist, 2010; Nesbitt et al., 2015). 

Categories can be analyzed together or independently. In the present 
study, only data from the engagement category was examined. This is 
coded in a 5-point scale, with 1 = low engagement (e.g., totally out of 
task, not paying attention to the activity, sitting quietly, fiddling with 
another child’s hair or clothing, and eyes not focused on the ongoing 
activity); 2 = medium-low engagement (e.g., looking at the teacher and/ 
or material inconsistently, flat affect, looking bored, visible attention 
going in and out, and visible lack of persistence); 3 = medium engage-
ment (e.g., on task, maintaining eye contact with the teacher, partici-
pating, briefly looking around, but immediately coming back to task); 4 
= medium-high engagement (e.g., eager expression, relevant self-talk 
during tasks, volunteering responses with positive affect, looking at 
material throughout the entire time; leaning forward, and showing 
persistence); and 5 = high engagement (e.g., intense focus, serious 
persistence and pursuit of activity, very low distractibility, seeming 
obliviousness to noise and the behaviors of the other children that are 
not related to the task; see Coelho et al., 2021). 

The researchers received theoretical and practical training from the 
authors of the measure team as part of an international collaboration 
between the United States, Portugal, and Sweden. The observers were 
trained to use the measure with materials provided by the U.S. re-
searchers (i.e., the authors of the measure). The researchers’ training 

included video coding and discussion tasks and in-context observation of 
children with typical development and with different diagnoses. All 
observers collecting data achieved over 80% exact agreement across all 
dimensions during the training (Authors, 2021). In the present study, 
inter-rater reliability was controlled for 25.05% of data collection. For 
the involvement/engagement category, the exact inter-observer agree-
ment was 74.51% (T2) and 89.37% (T3); agreement within one point 
was 98.47% (T2) and 95.83% (T3); and weighted kappa was 0.74 (T2) 
and 0.77 (T3), showing good reliability. 

The Child Engagement Questionnaire (CEQ) (McWilliam, 1991) is a 
32-item questionnaire rating preschool-aged children’s global engage-
ment on a 4-point scale (1 = not at all typical, 2 = somewhat typical, 3 =
typical, and 4 = very typical). It was designed to be completed by 
teachers. Items include goal-directed behaviors, persistence behaviors in 
a challenging task, attention behaviors, and social behaviors. A global 
score of engagement is obtained by averaging all items. The CEQ has 
been used previously and its validity reported (e.g., McWilliam, Scar-
borough, & Kim, 2003; Sjoman et al., 2016). In the present study, the 
global score of the measure was examined. Cronbach’s alpha across the 
three data collection moments ranged between 0.94 and 0.98 for the 
children with low developmental functioning; 0.91 and 0.94 for the 
children with low-medium developmental functioning; 0.85 and 0.93 
for the children with medium-high developmental functioning. 

Data analysis 

Descriptive analyses were conducted to characterize the participant 
groups regarding the studied variables. Pearson’s correlations were 
computed to examine relations between self-regulation, prosociality, 
hyperactivity, and the teachers’ reports and observations of child 
engagement. A series of models were tested using MPlus Version 7 
((Muthén and Muthén, 1998-2015)). First, we analyzed the growth in 
self-regulation skills. Three data collection moments were used to esti-
mate the trajectories for children’s self-regulation skills. The charac-
teristics of a trajectory are described by the mean of the intercept (the 
initial starting point for the trajectory at the first time point) and by the 
mean of the slope (the rate of change; Preacher, Wichman, MacCallum, 
& Briggs, 2008). Only children who had data on the three data collection 
moments were included in the models: that is, 42 children in the low- 
functioning group, 60 in the low-medium functioning group, and 88 in 
the medium-high functioning group (cf. attrition data in the partici-
pants’ section and the number of children that did not complete HTKS in 
the Measurements section). 

We then tested for effects of initial levels of self-regulation (inter-
cept) and growth in self-regulation skills (slope) in several child out-
comes, namely: Reported and Observed Engagement, Prosociality, and 
Hyperactivity at T3. Control variables included previous results on the 
outcome variable (collected at T1 or T2), as well as the children’s sex 
and age, as these were likely to have impacted self-regulation and 
behavioral difficulties (e.g., Blair & Razza, 2007; Carlson, Moses, & 
Breton, 2002; Naerland et al., 2017). For Reported Engagement, Pro-
sociality, and Hyperactivity, we controlled for T1 results. For Observed 
Engagement, we controlled for T2 results, given this is a variable that is 
highly affected by the transactions between the child and their envi-
ronment (McWilliam & Bailey, 1995); what is more, for some class-
rooms, the physical space and materials available changed from T1 to 
T2. A separate dummy variable for the group—children with low 
developmental functioning or children with medium-high develop-
mental functioning (reference group = children with low-medium 
developmental functioning)—was also included as a predictor in the 
models to examine differences in paths. Given that several children were 
attending the same classrooms, the models were estimated using the 
special feature for complex survey data that is available in Mplus; this 
addresses the non-independence of observations and prevents biased 
estimates by correcting the standard errors of the parameters (Muthén 
and Muthén, 1998-2015). This allowed considering nesting effects. The 
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fit of each model was assessed based on several indictors, namely, the 
chi-square likelihood ratio test (χ2), root mean square error of approx-
imation (RMSEA; good fit is indicated by values ≤0.05; satisfactory fit is 
indicated by values between 0.05 and 0.08), and the comparative fit 
index (CFI; good fit is indicated by values ≥0.96; satisfactory fit is 
indicated by values between 0.90 and 0.95; Hu & Bentler, 1999). 

Results 

At Time 1 (T1, recruitment moment), all pairs of groups presented 
significant differences in the MAAP-short-version score (see Table 1): F 
(2, 243) = 226.19, p < .001, Ƞ2 = 0.65. The three groups of children 
were similar regarding age: F(2,234) = 38.89, p = .44). Statistical sig-
nificant differences were also found on the level of developmental 
functioning level between the three groups at T2 (F(2,210) = 125.43, p 
< .001, Ƞ2 = 0.54) and T3 (F(2,213) = 129.86, p < .001, Ƞ2 = 0.55). The 
group of children with low developmental functioning included a higher 
number of boys (82% boys with low developmental functioning; 65% of 
boys with low-medium developmental functioning; 52% boys with 
medium-high developmental functioning), a trend that has been previ-
ously reported (Grande, 2013; Lai, Tseng, Hou, & Guo, 2012). The 
children with medium-high developmental functioning presented the 
highest average scores for all variables, except for hyperactivity, for 
which they scored lowest on average (as was expected). By contrast, 
children with low developmental functioning presented the lowest 
scores for all variables except hyperactivity (higher scores, as expected). 
From T1 to T3, data showed a mean increase in all variables except for 
hyperactivity scores that decrease, for all groups, thus indicating an 
improvement in self-regulation, engagement, and prosocial and hyper-
activity behaviors. 

Correlations between the study variables for each group are pre-
sented in Tables 3, 4, 5 and 6. The correlations were moderate and in the 
expected direction. Particularly in the case of the low developmental 
functioning group (Table 4), the correlations between self-regulation, 
hyperactivity and prosociality, and reported and observed engage-
ment, were stronger and more stable across the three moments. For 
instance, correlations between self-regulation and reported engagement 
emerged for the three groups of children in T1, but in T3 these variables 
were only significantly correlated for the low-functioning group of 
children. For the low-medium developmental functioning group 
(Table 5), self-regulation at T1 was negatively related to hyperactivity 
both at T1 and T3 and positively related to prosocial behavior at T3, as 

well as reported engagement at T2 and T3. The medium-high develop-
mental functioning group (Table 6) presented more modest associations 
between self-regulation and hyperactivity, prosocial behavior, and re-
ported and observed engagement, though those between self-regulation 
at T1 and reported engagement both at T1 and T3 should be noted. 

Self-regulation trajectories 

Overall, the growth model for self-regulation skills showed signifi-
cant intercept and slope parameters (β = 0.76, SE = 0.12, p < .001) and 
slope (β = 0.93, SE = 0.26, p < .001). The model showed good fit: χ2(3) 
= 0.42, p = .94, CFI = 1.00, RMSEA = 0.00. However, self-regulation 
initial levels and growth varied according to functioning. The low 
developmental functioning group presented the lowest levels of initial 
self-regulation skills (β = − 0.21, SE = 0.07, p = .002). By contrast, the 
medium-high developmental functioning group presented higher initial 
levels of self-regulation (β = 0.42, SE = 0.07, p < .001), when compared 
with the low-medium developmental functioning group. Regarding self- 
regulation skills, the low developmental functioning and medium-high 
developmental functioning groups made less gains in self-regulation 
over time when compared with the low-medium developmental func-
tioning group (β = − 0.29, SE = 0.10, p = .002 and β = − 0.20, SE = 0.09, 
p = .029, respectively). In particular, the low-medium developmental 
functioning group showed lower initial levels when compared with the 
medium-high developmental functioning group but improved at an 
accelerating rate. 

Effects of functioning and self-regulation on children’s outcomes 

Children’s engagement 
Models examining whether initial levels and growth in self- 

regulation skills predicted later child engagement in preschool showed 
that both initial levels and growth in self-regulation were significantly 
associated with child engagement as reported by teachers (β = 0.34, SE 
= 0.13, p = .007 and β = 0.40, SE = 0.10, p < .001, see Fig. 1). The model 
showed acceptable fit: χ2(8) = 23.05, p = .003, CFI = 0.98, RMSEA =
0.088. Growth in self-regulation was found to be significantly associated 
with observed engagement (β = 0.37, SE = 0.16, p = .007; Fig. 2), but 
initial self-regulation levels were not (β = 0.05, SE = 0.17, p = .758). The 
model showed acceptable fit: χ2(10) = 18.58, p = .046, CFI = 0.98, 
RMSEA = 0.058. 

The low developmental functioning group showed lower initial (T1) 

Table 3 
Associations between self-regulation. Engagement. prosociality and hyperactivity. For all participant children.   

1 2 3 4 5 6 7 8 9 10 11 12 13 

T1   
1.Self-regulation − 0.40** 0.30** 0.47** 0.12 0.71** 0.46** 0.16* 0.61** − 0.32** 0.40** 0.49** 0.12  
2.Hyperactivity  − 0.53** − 0.57** − 0.22** − 0.42** − 0.57** − 0.24** − 0.37** 0.52** − 0.44** − 0.47** − 0.28**  
3.Prosocial   0.70** 0.27** 0.46** 0.57** 0.37** 0.48** − 0.47** 0.60** 0.60** 0.32**  
4.Reported Engagement    0.34** 0.58** 0.73** 0.34** 0.60** − 0.52** 0.65** 0.75** 0.31**  
5.Observed 
Engagement     

0.28** 0.44** 0.31** 0.27** − 0.22** 0.29** 0.36** 0.26** 

T2  
6.Self-regulation      0.54** 0.19** 0.77** − 0.40** 0.52** 0.61** 0.19*  
7.Reported Engagement       0.44** 0.65** − 0.55** 0.78** 0.8** 0.40**  
8.Observed 
Engagement        

0.32** − 0.24** 0.37** 0.42** 0.51** 

T3  
9.Self-regulation         − 0.51** 0.58** 0.79** 0.38**  
10.Hyperactivity          − 0.65** − 0.68** − 0.26**  
11.Prosocial           0.83** 0.31**  
12.Reported 
Engagement            

0.40**  

13.Observed 
Engagement             

* p < .05; ** p < .01; *** p < .001. 
Note. N = 198. 
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and later (T3) levels of reported engagement when compared with the 
low-medium developmental functioning group (seeFig. 1). Negative 
associations of low functioning were found both with self-regulation 
intercept and slope, which predicted later reported engagement. The 

medium-high developmental functioning group presented higher levels 
of initial reported engagement (T1) compared with the low-medium 
developmental functioning group, but not higher levels of later re-
ported engagement (T3). The children with low-medium developmental 

Table 4 
Associations between self-regulation, engagement, prosociality and hyperactivity, for children with low developmental functioning.   

1 2 3 4 5 6 7 8 9 10 11 12 13 

T1   
1.Self-regulation − 0.19 0.23 0.41* 0.34* 0.75** 0.38* 0.28 0.64** − 0.39* 0.27 0.52** 0.31  
2.Hyperactivity  − 0.37** − 0.54** − 0.43** − 0.41* − 0.54** − 0.14 − 0.40* 0.58** − 0.38* − 0.47** − 0.17  
3.Prosocial   0.69** 0.33* 0.41* 0.41** 0.28 0.46** − 0.48** 0.57** 0.61** 0.22  
4.Reported Engagement    0.47** 0.62** 0.71** 0.25 0.67** − 0.66** 0.60** 0.80** 0.27  
5.Observed Engagement     0.35* 0.55** 0.48** 0.27 − 0.35* 0.35* 0.42** 0.29 

T2   
6.Self-regulation      0.39* 0.26 0.76** − 0.45** 0.35* 0.56** 0.38*  
7.Reported Engagement       0.51** 0.53** − 0.72** 0.75** 0.79** 0.42**  
8.Observed Engagement        0.36* − 0.29* 0.42** 0.41** 0.47** 

T3  
9.Self-regulation         − 0.57** 0.43** 0.82** 0.47**  
10.Hyperactivity          − 0.67** − 0.77** − 0.42**  
11.Prosocial           0.74** 0.29  
12.Reported Engagement            43**  
13.Observed Engagement             

* p < .05; ** p < .01; *** p < .001. 
Note. N = 47. 

Table 5 
Associations between self-regulation, engagement, prosociality and hyperactivity, for children with low-medium developmental functioning.   

1 2 3 4 5 6 7 8 9 10 11 12 13 

T1   
1.Self-regulation − 0.33** 0.19 0.12 0.13 0.70** 0.36* − 0.12 0.51** − 0.33** 0.41** 0.37** − 0.03  
2.Hyperactivity  − 0.29** − 0.28* − 0.04 − 0.19 − 0.33* 0.16 − 0.026 0.32* − 0.30* − 0.20 − 0.01  
3.Prosocial   0.60** 0.36** 0.28* 0.33* 0.03 0.191 − 0.17 0.39** 0.30* 0.14  
4.Reported Engagement    0.42** 0.17 0.39** 0.01 0.101 − 0.05 0.28* 0.34** − 0.04  
5.Observed Engagement     0.34** 0.32* 0.20 0.279* − 0.11 0.25* 0.26* 0.17 

T2  
6.Self-regulation      0.40** − 0.11 0.71** − 0.22 0.40** 0.41** 0.01  
7.Reported Engagement       0.09 0.42** − 0.16 0.55** 0.64** 0.06  
8.Observed Engagement        0.08 0.07 − 0.05 0.04 0.42** 

T3  
9.Self-regulation         − 0.37** 0.32* 0.55** 0.19  
10.Hyperactivity          − 0.34** − 0.40** 0.01  
11.Prosocial           0.67** 0.12  
12.Reported Engagement            0.11  
13.Observed Engagement             

* p < .05; ** p < .01; *** p < .001. 
Note. N = 60. 

Table 6 
Associations between self-regulation, engagement, prosociality and hyperactivity, for children with medium-high developmental functioning.   

1 2 3 4 5 6 7 8 9 10 11 12 13 

T1  
1.Self-regulation − 0.17 0.08 0.36** − 0.01 0.59** 0.15 0.09 0.58** − 0.04 0.09 0.31** − 0.07  
2.Hyperactivity  − 0.37** − 0.31** − 0.07 − 0.21* − 0.11 − 0.25* − 0.09 0.35** − 0.07 − 0.07 − 0.19  
3.Prosocial   0.36** − 0.07 0.18 0.26* 0.39** 0.04 − 0.15 0.19 0.10 0.13  
4.Reported Engagement    − 0.06 0.43** 0.21 0.16 0.24* − 0.12 0.19 0.23* 0.02  
5.Observed Engagement     0.16 0.10 0.12 0.10 0.05 − 0.08 0.13 0.13 

T2  
6.Self-regulation      0.17 0.09 0.59** − 0.11 0.18 0.33** − 0.04  
7.Reported Engagement       0.18 0.19 0.12 0.22* 0.40** 0.18  
8.Observed Engagement        − 0.04 0.04 0.03 0.13 0.45** 

T3  
9.Self-regulation         0.02 0.13 0.44** − 0.01  
10.Hyperactivity          − 0.46** − 0.31** 0.12  
11.Prosocial           0.47** − 0.13  
12.Reported Engagement            − 0.04  
13.Observed Engagement             

* p < .05; ** p < .01; *** p < .001. 
Note. N = 91. 
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functioning showed faster growth in self-regulation skills than those 
with medium-high developmental functioning, thus contributing to the 
absence of differences in later reported engagement between the groups. 

As with reported engagement, both self-regulation and functioning 

contributed to the children’s later observed engagement (Fig. 2). Dif-
ferences across groups were, however, less evident. There were no dif-
ferences in initial and later levels of observed engagement between the 
children from the low developmental functioning and low-medium 

Fig. 1. Effects of Initial Levels and Gains in Self-Regulation on Children’s Later Engagement, as Reported by Teachers.  

Fig. 2. Effects of Initial Levels and Gains in Self-Regulation on Children’s Observed Later Engagement.  
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developmental functioning groups. The medium-high developmental 
functioning group presented higher initial levels of observed engage-
ment compared with the children with low-medium developmental 
functioning, but no differences were found in later observed 
engagement. 

Prosocial behaviors 
Initial self-regulation levels were found to be positively associated (β 

= 0.43, SE = 0.12, p < .001) with later prosocial behavior (T3), but self- 
regulation growth was not (β = 0.08, SE = 0.15, p = .59; Fig. 3). The 
model showed acceptable fit: χ2(8) = 20.30, p = .01, CFI = 0.98, RMSEA 
= 0.079. Moreover, the children with low developmental functioning 
showed lower initial (T1) and later (T3) levels of pro-social behavior 
when compared with the children with low-medium developmental 
functioning. By contrast, the children with medium-high developmental 
functioning showed higher initial (T1), but not later (T3) prosocial 
behavior compared with the children with low-medium developmental 
functioning. 

Overall, initial self-regulation predicted later prosocial behaviors, 
with both functioning and self-regulation skills contributing to im-
provements in prosocial behavior. 

Hyperactivity behaviors 
The slope for self-regulation skills predicted hyperactive behaviors 

(See Fig. 4), but initial status did not (β = − 0.35, SE = 0.14, p = 0.01. 
The model showed good fit: χ2(8) = 12.20, p = .14, CFI = 0.99, RMSEA 
= 0.046. There were no differences in rates of change in hyperactive 
behavior across child functioning group. Improvement in these skills 
was not affected by functioning; rather, self-regulation slope was the 
only variable significantly affecting later hyperactivity levels. The 
children with medium-high developmental functioning presented lower 
initial (T1) levels of hyperactivity compared with children with low- 
medium developmental functioning, but no differences were found be-
tween the groups regarding later (T3) hyperactivity levels. Although the 
children with medium-high developmental functioning showed lower 

initial levels of hyperactivity compared with those children with low- 
medium developmental functioning, the differences were not main-
tained over time. 

Discussion 

The present study aimed to examine three groups of children with 
different levels of developmental functioning, attending the same pre-
school settings. It used a developmental system framework (e.g., Osher 
et al., 2020) to study children’s trajectories of non-academic readiness 
skills in inclusive settings and to show how developmental functioning 
affected self-regulation skills growth during the preschool years, as well 
as the associations between initial and growth levels of self-regulation 
with later child engagement in preschool (as observed and reported by 
teachers), hyperactivity, and prosocial behaviors. Models were tested to 
determine whether the associations differed for children with low 
developmental functioning, children with low-medium developmental 
functioning, and children with medium-high developmental func-
tioning, assuming that individual trajectories are shaped across time 
through interactional processes and that individuals influence each 
other and are influenced by social and physical contextual factors (Osher 
et al., 2020). The study examined three groups of children nested within 
inclusive classrooms because variability in children’s abilities within 
classrooms has been emphasized in discussions on the support of 
development and learning in inclusive settings (Bartolo, Kyriazopoulou, 
Björck-Åkesson, & Giné, 2019; Organization for Economic Cooperation 
and Development, 2019). 

Self-regulation trajectories 

Overall, our findings indicate that both initial levels and growth of 
self-regulation are not equal for all children. In the group of children 
with low developmental functioning, which overlapped with a group of 
children with identified disabilities in the study, an improvement in self- 
regulation throughout the preschool years was documented, the rate 

Fig. 3. Effects of Initial Levels and Gains in Self-Regulation on Children’s Later Prosociality.  
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was slower than that of peers without disabilities within the same set-
tings. This group had lower initial self-regulation skills as well as lower 
gains over time. Even though the children showed gains over time, they 
still lagged behind their sample peers, and the gap increased over time. 
Our findings, which accord with other studies (e.g., Barnard-Brak et al., 
2014; Crnic et al., 2004; Nader-Grosbois & Vieillevoye, 2012), suggest 
that these children present greater difficulties in the development of self- 
regulation and may require extra support. 

By contrast, children from the low-medium functioning group 
showed accelerated gains compared with the medium-high functioning 
group. It appeared that the emerging functioning difficulties that 
teachers identified at T1, which were associated with lower initial levels 
of self-regulation and other readiness skills, were no longer relevant at 
T3. It may be that these children, rather than presenting increasing 
difficulties in their self-regulation levels over time, were late developers 
(Montroy et al., 2016) and were able to catch up with the high func-
tioning group. 

It is possible that differences between the low-medium and medium- 
high groups were better described by differences in the timing of the 
development of self-regulation, with children from the low-medium 
group developing their skills later, but still catching up with their 
peers. Previous studies have provided evidence of heterogeneity among 
children in the developmental trajectories of self-regulation (Montroy 
et al., 2016). Our findings accord with such studies; they show that the 
weight of initial levels on the pace of growth can vary. For some children 
(i.e., the low-functioning group), initial levels seemed to impede greater 
growth and the gap in self-regulation skills increased over time, whereas 
other children (i.e., the medium-low functioning group) showed a rapid 
development in self-regulation, even though they were starting from a 
lower base. 

It seems that the period of early childhood is characterized by a 
myriad of opportunities and risks, further indicating this period as a rich 
and important moment for intervention. Early childhood years can be 
particularly sensitive, with psychobiological or dynamic systems models 
pointing to the close relationship between children’s biological 

characteristics and their daily experiences. 

Effects of functioning and self-regulation on children’s outcomes 

The present study also aimed to examine the associations between 
self-regulation and a broad range of outcomes, namely hyperactivity, 
prosociality, and engagement, and thus focused on relevant non- 
academic readiness skills that have been previously found to 
contribute to positive educational pathways (Blair & Raver, 2015; Dia-
kiw, 2016; Grob-Zakhary & Bollington, 2014). What is worth noting is 
that in the present study, the three groups of children were nested within 
classrooms, thus ensuring that they were all exposed in equal measure to 
the same educational environments. Overall, our findings point to the 
important role of self-regulation. These are in line with literature 
showing that self-regulation is relevant for the improvement of 
engagement (e.g., Williford et al., 2013) and prosociality (e.g., Eisen-
berg et al., 1993; Flook, Goldberg, Pinger, & Davidson, 2015); and the 
reduction of hyperactivity (e.g., Perry et al., 2018; Rezazadeh et al., 
2011). The results also revealed that, as was to be expected, initial levels 
of self-regulation contributed to certain skill levels (e.g., reported 
engagement and prosocial behavior), whereas for other skills (e.g., 
observed engagement and hyperactivity), the rate of growth was a 
determinant. 

In particular, it appeared that gains in self-regulation, regardless of 
the initial levels, were associated with higher levels of observed 
engagement and lower levels of hyperactivity for all children. By 
contrast, initial levels of self-regulation but not growth were associated 
with prosocial behaviors. It may be that a certain level of self-regulation 
is needed for self-regulation to have an impact on prosocial behaviors, 
with increasing gains in self-regulation no longer influencing prosocial 
skills. It is possible that once children start to utilize self-regulation skills 
when interacting with other children and develop the ability to attend to 
and keep track of information and inhibit a dominant negative response, 
they can exhibit helping, sharing, and comforting behaviors. The results 
also point to the role played by self-regulation skills on prosocial 

Fig. 4. Effects of Initial Levels and Gains in Self-Regulation on Children’s Later Hyperactivity.  
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behaviors at the early stages, as well as the need to consider additional 
factors when trying to identify the drivers of children’s prosocial 
competencies. 

Differences were found in the paths linking self-regulation and 
observed and reported engagement. Initial levels of self-regulation were 
associated with reported engagement but not observed engagement. 
This may have been due to measurement issues. The measure used relied 
on a time sampling procedure within an ecological approach. Thus, 
observed engagement as a transactional outcome was probably affected 
by situational factors and moment-by-moment fluctuations (e.g., the 
type of activity and teacher/peer interactions) as well as by the chil-
dren’s momentary dispositions (e.g., preferences, mood, and distress; 
Bottema-Beutel et al., 2019; Coelho et al., 2021; Farran & Anthony, 
2014; Prykanowski, Martinez, Reichow, Conroy, & Huang, 2018). On 
the other hand, the reported engagement questionnaire relied on 
teachers’ judgment about the child’s typical pattern of engagement, thus 
capturing the teacher’s perception of a more stable set of child 
engagement characteristics or capacities (Bottema-Beutel et al., 2019; 
Imms et al., 2017). Previous studies have suggested that teacher reports 
of child engagement often differ from observational data (Pinto et al., 
2019). It is nevertheless worth mentioning that gains in self-regulation 
were associated with both reported and observed engagement, sug-
gesting that growth in self-regulation skills grow was correlated with the 
children’s capacity to maintain engagement beyond the influence of 
momentary factors. 

Regarding functioning levels, the results revealed that for children in 
the low-medium functioning group, the initial differences exhibited at 
T1 compared with the medium-high functioning group disappeared at 
T3, possibly because they were acquiring self-regulation skills at a faster 
rate. Indeed, the children caught up with their peers in a broad range of 
outcomes. By contrast, for the low-functioning group, the main differ-
ences found at T1 persisted over time. In short, some gaps persisted or 
even increased, which called our attention to the need for early moni-
toring and intervention. 

Overall, the results revealed that all the groups made gains in self- 
regulation, which suggests that the children had the potential to 
improve their skills during the preschool years. Moreover, although 
different trajectories were documented, self-regulation skills across 
preschool years were important for several outcomes. The findings 
illustrate the relevance of inclusive education models that foster the 
design of universal support measures for all children and align with 
current perspectives on supporting educational inclusion. As such, the 
study highlights the importance of designing preschool environments 
focused on the improvement of self-regulation for all children as a means 
of preventing later negative outcomes and behavioral difficulties. It is 
also worth pointing out that improvement in self-regulation skills can be 
particularly relevant for children with lower functioning (and with 
disabilities or without) because they can serve as a compensatory factor 
and help overcome the effects of low functioning. 

The level of developmental functioning was used to characterize the 
children with typical development and those with diverse identified 
diagnosed disabilities. Some research has shown that lower levels of 
functioning in natural settings are related to poorer child outcomes (e.g., 
Karaaslan & Mahoney, 2015), leading to an interest in taking such a 
perspective to study child trajectories in inclusive settings, going beyond 
discussions of typical and nontypical developmental trajectories (Cantor 
et al., 2019), and focusing on the malleability of development through 
life (Osher et al., 2020). Functioning is a transactional process that 
combines both the influences of child characteristics and environmental 
factors. This is aligned with the current developmental systems frame-
work that underlines the interdependence of biological/individual 
characteristics and environmental (social and/or physical) characteris-
tics in affecting developmental outcomes (Osher et al., 2020). Attention 
to functioning allows rethinking ECE practices to be better aligned with 
a development-in-context framework and contributes to a greater un-
derstanding of the development of non-academic readiness skills for 

children with different functioning patterns, including those with 
identified disabilities. 

Implications for practice 

It is hoped that the results of the present study might be used to raise 
professional awareness of inclusive educational settings, the importance 
of monitoring children’s functioning, and developing activities that 
promote self-regulation skills. This will help improve prosocial behav-
iors and engagement. Based on their level of developmental functioning 
in preschool settings, it is possible to identify children who have lower 
initial self-regulation skills and are thus at greater risk of running into 
difficulties later on. Therefore, the MAAP measure, or other simple 
measures focusing on child functioning, can be used to screen children in 
universal assessment processes implemented by schools. Using infor-
mation on child functioning can help early education professionals to 
plan suitable activities and support for all, overcoming traditional ideas 
that were based primarily on child diagnosis and the presence of bio-
logical and/or environmental risk factors. Recent approaches to inclu-
sive education argue that both universal and specialized interventions 
during the early years should aim to promote transversal and generative 
competencies (McLaughlin et al., 2011; Reynolds & Ou, 2016) because 
such competencies increase the probability of creating a chain of 
development (McLaughlin et al., 2011). Self-regulation must be 
considered a key competence; when children develop self-regulation, 
there is a higher probability that they will also develop engagement, 
social, and academic skills (e.g., Blair & Razza, 2007; Eisenberg et al., 
2001; McClelland et al., 2007; Valiente et al., 2007). Thus, early iden-
tification of children with lower functioning, as well as early interven-
tion in supporting the development of self-regulation and functioning in 
preschool settings may help prevent the escalation of problems. Pre-
schools may benefit from a multitiered system model of support when 
designing assessment-intervention procedures so they focus on func-
tioning and self-regulation in daily routines (Grisham-Brown & Pretti- 
Frontczak, 2011; McConnell, Wackerle-Hollman, Roloff, & Rodriguez, 
2015). Within this model, different types of support and interventions 
can be based on children’s needs and adjusted according to their re-
sponses. For instance, the medium-low developmental functioning 
group of children in the present study was found to show accelerated 
gains in self-regulation skills during the preschool years, thus indicating 
that with additional attention, these children could overcome their 
difficulties more rapidly. When adopting such approaches, professionals 
would be in a better position to react more appropriately to the vari-
ability in children’s abilities and their needs within classrooms. 

Study limitations and future directions 

The present study has several limitations, and these should be 
considered when the results are being interpreted. First, as we have tried 
to capture the variability of children’s functioning within each class-
room, the low-medium developmental functioning group presented a 
diverse range of characteristics, but social background was not 
controlled. We are aware that when considering whether a child is at 
risk (e.g., one from the low-medium developmental functioning group), 
it is important to consider factors other than level of functioning. More 
research is needed on how and why teachers perceive some children as 
having lower functioning and what environmental factors (e.g., family 
characteristics) and individual factors (e.g., child competencies) are 
associated with such perceptions. Differences in self-regulation trajec-
tories due to a wide range of both environmental and/or individual 
variables have been well documented (Hughes & Ensor, 2011; Montroy 
et al., 2016; Ponitz et al., 2008). Previous studies have shown the 
importance of family characteristics in children’s functioning and 
development (whether they have disabilities or not), so more accurate 
estimations of the variables influencing gains in self-regulation are 
needed. Future researchers might examine the effects of specific family 
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characteristics on children’s self-regulation, prosocial behaviors, and 
levels of hyperactivity. We also recognize that our criteria for the low- 
functioning group had their limitations. Although specific diagnoses 
categories were not used to characterize the children and potential ef-
fects related to different diagnoses were not explored, the low- 
functioning group comprised only those with disabilities. Although 
this was based on Portuguese law (decree-law 3/2008), we appreciate 
that the group of children with low functioning/disabilities was auto-
matically selected based on their previous eligibility for support, as 
determined by the schools’ special education teams’ assessment. While 
eligibility was supposed to be based on the assessment of child disability 
status concerning low participation criteria and the results regarding 
children functioning levels were based on the teachers’ MAAP assess-
ments, cut-off points should be used to organize functioning groups in 
future studies to improve on traditional approaches to diagnosis. We 
also note that children’s functioning is considered to be a time- and 
context-dependent and changing variable and that we study did not 
consider variations in functioning across time and in different contexts. 
Future studies might address this shortcoming. 

Moreover, although it takes a functioning approach to characterize 
children, the psychometric characteristics of the measure used in the 
present study need to be further refined, particularly as we used a short 
version of the original measure and only included aspects of children’s 
functioning in preschool settings. Second, although the study included 
different diagnostic categories and the level of functioning was consid-
ered rather than diagnoses, a high percentage of children with autism 
spectrum disorders (30%) were included in the group of children with 
disabilities/low developmental functioning. This might have affected 
results, as studies have shown that children with this diagnosis have 
lower social competencies and higher levels of externalizing behavior, 
which may have accentuated the differences between children at risk 
and children with disabilities in terms of outcome variables. Thus, future 
studies should include a more comprehensive assessment of children’s 
developmental functioning and include more variety in categories to 
balance the effect of particular diagnostic criteria and characteristics on 
the results. For instance, the group of children with low developmental 
functioning presented a high standard deviation regarding develop-
mental functioning scores. This may have been related to the severity of 
some disabilities and influenced our results. Future research including a 
higher number of children in each diagnostic category is needed to 
explore further how diagnoses affect functioning scores and, subse-
quently, findings. These considerations should also be borne in mind 
when interpreting our results. 

The limitations of our measures should also be acknowledged. 
Although all of them had previously been used with children with and 
without disabilities, the observers had trained in applying the measures 
to this population, and a multimethod approach was taken, it is always a 
challenge to ensure that measures are adequate for all children. For 
instance, the SDQ reliability was not stable trough time and across 
groups, especially in the case of the T3 data for children with medium- 
low functioning. As has been mentioned, this is an understudied group of 
children; in particular, additional research is needed regarding the 
psychometric characteristics of measures that are used to examine them. 
Finally, our results must be interpreted without inferring causal asso-
ciations. We did not investigate the trajectories of behavioral difficulties 
and prosociality, as these were only assessed at two time points. Future 
studies might analyze the positive and negative behavioral trajectories 
regarding self-regulation during the preschool years among children 
with diverse functioning. 

Conclusion 

To the best of our knowledge, the present study is among the first to 
examine the trajectories of self-regulation among children with different 
levels of developmental functioning within the same classrooms. 
Moreover, it brings together three important readiness skills for 

children’s future development and learning — namely, engagement, 
prosociality, and hyperactivity — to investigate how levels of func-
tioning and self-regulation impact the improvement of such behaviors 
through the preschool years. The results highlight the relevance of 
considering the variability in children functioning and self-regulation 
within each classroom when studying development in context and 
children’s inclusion in the early years. By focusing on groups of children 
with different functioning attending inclusive preschools, the study 
provides evidence that the individual develops dynamically and that 
daily experiences (and their interaction with risk and disability) accel-
erate such development (Cantor et al., 2019). 
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ecosystem model for inclusive early childhood education: A qualitative cross- 
European study. International Journal of School and Educational Psychology. https:// 
doi.org/10.1080/21683603.2019.1637311 

Baumeister, R. F., & Vohs, K. D. (2004). Handbook of self-regulation: Research, theory, and 
applications. Guilford Press.  

Bayrami, L., & Gordon, M. (2017). Lighting the footpath to a peaceful future: The roots of 
empathy program. Exchange, 234, 8–11. 

Blair, C. (2002). School readiness: Integrating cognition and emotion in a 
neurobiological conceptualization of children’s functioning at school entry. 
American Psychologist, 57(2), 111–127. https://doi.org/10.1037/0003-066X.57 
.2.111. 

Blair, C., & Raver, C. C. (2015). School readiness and self-regulation: A developmental 
psychobiological approach. Annual Review of Psychology, 66, 711–731. https://doi. 
org/10.1146/annurev-psych-010814-015221 

Blair, C., & Razza, R. P. (2007). Relating effortful control, executive function, and false 
belief understanding to emerging math and literacy ability in kindergarten. Child 
Development, 78(2), 647–663. https://doi.org/10.1111/j.1467-8624.2007.01019 

Bohlmann, N. L., & Downer, J. T. (2016). Self-regulation and task engagement as 
predictors of emergent language and literacy skills. Early Education & Development, 
27(1), 18–37. https://doi.org/10.1080/10409289.2015.1046784 

Bottema-Beutel, K., Kim, S. Y., Crowley, S., Augustine, A., Kecili-Kaysili, B., Feldman, J., 
& Woynaroski, T. (2019). The stability of joint engagement states in infant siblings of 
children with and without ASD: Implications for measurement practices. Autism 
Research, 12(3), 495–504. https://doi.org/10.1002/aur.2068 

Brock, L. L., Rimm-Kaufman, S. E., Nathanson, L., & Grimm, K. (2009). The contributions 
of “hot” and “cool” executive function to children’s academic achievement, learning- 
related behaviors, and engagement in kindergarten. Early Childhood Research 
Quarterly, 24(3), 337–349. https://doi.org/10.1016/j.ecresq.2009.06.001 

Bronfenbrenner, U., & Morris, P. A. (2006). The bioecological model of human 
development. In W. Damon, & R. M. Lerner (Eds.) (6th ed.,, Vol. 1. Handbook of child 
psychology (pp. 793–828). Wiley.  

Cadima, J., Gamelas, A. M., McClelland, M., & Peixoto, C. (2015). Associations between 
early family risk, children’s behavioral regulation, and academic achievement in 
Portugal. Early Education & Development, 26(5/6), 708–728. https://doi.org/ 
10.1080/10409289.2015.1005729 

Cantor, P., Osher, D., Berg, J., Steyer, L., & Rose, T. (2019). Malleability, plasticity, and 
individuality: How children learn and develop in context. Applied Developmental 
Science, 23(4), 307–337. https://doi.org/10.1080/10888691.2017.1398649 

V. Coelho et al.                                                                                                                                                                                                                                  



Journal of Applied Developmental Psychology 86 (2023) 101518

14

Caprara, G. V., Barbaranelli, C., Pastorelli, C., Bandura, A., & Zimbardo, P. G. (2000). 
Prosocial foundations of children’s academic achievement. Psychological Science, 11, 
302–306. https://doi.org/10.1111/1467-9280.00260 

Carlson, S. M., Moses, L. J., & Breton, C. (2002). How specific is the relation between 
executive function and theory of mind? Contributions of inhibitory control and 
working memory. Infant and Child Development, 11(2), 73–92. https://doi.org/ 
10.1002/icd.298 

Carlson, S. M., & Wang, T. S. (2007). Inhibitory control and emotion regulation in 
preschool children. Cognitive Development, 22(4), 489–510. https://doi.org/10.1016/ 
j.cogdev.2007.08.002 

CASEL - Collaborative for Academic, Social, and Emotional Learning [CASEL]. (2021). 
Casel’s SEL framework: What are the core competence areas and where are they 
promoted? https://www.casel.org. 

Castro, S., Palikara, O., & Grande, C. (2019). Status quo and inequalities of the statutory 
provision for young children in England, 40 years on from Warnock. Frontiers in 
Education, 4(76). https://doi.org/10.3389/feduc.2019.00076 

Castro, S., & Pinto, A. (2015). Matrix for assessment of activities and participation: 
Measuring functioning beyond diagnosis in young children with disabilities. 
Developmental Neurorehabilitation, 18(3), 177–189. https://doi.org/10.3109/ 
17518423.2013.806963 

Chandler, M. C., Gerde, H. K., Bowles, R. P., McRoy, K. Z., Pontifex, M. B., & 
Bingham, G. E. (2021). Self-regulation moderates the relationship between fine 
motor skills and writing in early childhood. Early Childhood Research Quarterly, 57, 
239–250. https://doi.org/10.1016/j.ecresq.2021.06.010 

Chang, H., Shaw, D., Dishion, T., Gardner, F., & Wilson, M. (2014). Direct and indirect 
effects of the family check-up on self-regulation from toddlerhood to early school- 
age. Journal of Abnormal Child Psychology, 42(7), 1117–1128. https://doi.org/ 
10.1007/s10802-014-9859-8 

Coelho, V., Åström, F., Nesbitt, K., Sjoman, M., Farran, D., Bjorck, E., … Pinto, A. I. 
(2021). Preschool practices in Sweden, Portugal, and the United States. Early 
Childhood Research Quarterly, 55(2021), 79–96. https://doi.org/10.1016/j. 
ecresq.2020.11.004 

Coelho, V., Cadima, J., Pinto, A., & Guimarães, C. (2019). Self-regulation, engagement, 
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