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ARTICLE INFO ABSTRACT
Keywords: The aim of the current systematic review is (1) to examine theoretical frameworks and mecha-
Executive function nisms explaining the association between parental and teacher behaviors and child executive
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function (EF) development, and (2) to compare and combine empirical findings for the rela-
tionship between parental and teacher behaviors and child EF development in early and middle
childhood. Results revealed that theoretical frameworks have been established more strongly in
the parent literature and parental behaviors have been more extensively studied with more
diverse terms compared to studies in teacher literature. Overall, patterns of findings suggest that
positive (e.g., emotional support) and cognitive parental/teacher behaviors (e.g., cognitive
stimulation) were positively linked to child EF performance while negative behaviors (e.g.,
intrusiveness) were adversely related. Considering the similar roles of parents and teachers in
child EF development, insights from parent literature could enable a better understanding of the
impact of teacher behaviors on child EF (and vice versa), and opens new venues for future teacher
research. Moreover, these findings suggest that, in addition to genetic transmission, social factors
such as parent/teacher-child interactions play a significant role in EF development. Future
research should investigate the joint influence of parent and teacher behaviors on child EF.

Introduction

Executive Functions (EF) are higher-order cognitive processes which enable goal-directed actions, emotions, and thoughts (Dia-
mond, 2013; Miyake & Friedman et al., 2000). It has been consistently shown by various studies and meta-analyses that EFs are linked
to children’s social abilities (e.g., Flynn, 2007; Sabbagh et al., 2006), cognitive skills such as language and theory of mind (e.g., Carlson
et al., 2004; Devine & Hughes, 2014; Moses et al., 2005; Slot & von Suchodoletz, 2018) and academic achievement (e.g., Brock et al.,
2009; Cortés Pascual et al., 2019; Jacob & Parkinson, 2015). Social interactions between children and adults play an important role in
EF development (Carlson, 2009; Lewis & Carpendale, 2009). Parents and teachers are both important adult figures who influence EF
growth particularly from early childhood to adolescence (Landry & Smith, 2010; Vandenbroucke, Spilt, Verschueren, Piccinin, &
Baeyens, 2018). While parents’ and teachers’ influences on child development differ (e.g., children share genetic codes with parents
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but not with teachers), they also share relevant properties (e.g., children spend a large amount of time with them starting from early
ages). Moreover, whilst research on the influence of parents and teachers are largely separate bodies of literature, there are similarities
and differences in theoretical backgrounds and findings. The primary aim of this systematic review study is to elucidate these simi-
larities and differences and examine, first, the theoretical approaches used in the literature on parenting and teaching contexts in EF
development and, second, the patterns of findings from parent-child and teacher-child interaction studies with regard to EF devel-
opment of children from early to middle childhood.

Executive function and its development

Neuroimaging studies have shown that EF has strong correlations with the functioning of the frontoparietal network that includes
portions of the prefrontal and parietal cortex (Marek & Dosenbach, 2022; Sheffield et al., 2015). Functionality of EF is associated with
activation particularly in the prefrontal cortex and related brain areas such as the anterior cingulate cortex (Carter et al., 1999). EF
encompasses three separate but interrelated cognitive components: Inhibitory control, working memory, and cognitive flexibility
(Diamond, 2013; Miyake et al., 2000). Inhibitory control refers to the ability to refrain from automatic and dominant responses.
Working memory is the ability to hold and manipulate information in mind. Cognitive flexibility (also referred to as attention shifting
or set shifting) enables flexibly switching between two or more tasks or mental sets. Higher level EFs such as reasoning, problem
solving, and planning abilities build upon these three core EF skills (Diamond, 2013). As higher level EF skills develop at later ages, in
this study, we only focus on the three core components to have one model for the full age range for consistency.

EFs emerge already in infancy and show a strong development throughout childhood, even into young adulthood (Carriedo et al.,
2016; Diamond et al., 2002, 2006; Zelazo & Carlson, 2012) as a function of the substantial postnatal maturation in the prefrontal cortex
(Heyder et al., 2004). In the first year of life, building blocks of EF such as control of attention and self-regulation abilities emerge,
while in the second year, abilities related to cognitive flexibility such as shifting and conflict resolution start to develop (Hendry et al.,
2016). The most rapid growth of the prefrontal cortex and, relatedly, EF occurs during the preschool years (Bell & Deater-Deckard,
2007; Zelazo & Miiller, 2011).

The growth rate of EFs shows differences across its core components. Simple inhibitory control, the ability to inhibit a dominant
response, displays a steady growth from 18 months to age 5 with a deceleration in growth rate starting from age 4. Complex response
inhibition is the ability to produce an alternative response whilst inhibiting a dominant response. Children typically begin to succeed in
this type of complex response inhibition task around the age of 4 (Best & Miller, 2010). Large improvements in inhibitory control
performances are observed from ages 5 to 8 while development appears to be more gradual at later ages (Romine & Reynolds, 2005).
Regarding working memory, children show a linear development from age 4 to 14 in both simple (i.e., span tasks requiring retaining
information in a short amount of time) and complex tasks (i.e., tasks requiring maintenance and manipulation) (Gathercole et al.,
2004). Regarding cognitive flexibility, by the age of 4, children can switch from one rule to another rule (e.g., switching from cate-
gorization of cards based on colors to shapes) while 3-year-olds typically perseverate and continue to apply the initial rule (Doebel &
Zelazo, 2015; Hughes, 1998). The growth of rule switching displays a linear and protracted trajectory until adolescence (Davidson
et al., 2006; Huizinga et al., 2006; Luciana & Nelson, 1998). Further, in terms of task maintenance (i.e., switching from one rule to
another in interspersed trials), children reach adult levels by the age of 15 years (Huizinga & van der Molen, 2007).

Table 1
Search Terms Used for Database Search.
Executive Function AND Parent Behaviors /AND Teacher Behaviors NOT Excluded Terms
OR OR OR OR
Executive function* Parent child interaction* Teacher child interaction* ADHD
Cognitive control Parent-child interaction* Teacher-child interaction* Autism
Executive control Mother child interaction* Teacher student interaction* Attention deficit
Effortful control Mother-child interaction* Teacher-student interaction* Premature
Working memory Father child interaction* Teacher student relation* Disability
Updating Father-child interaction* Teacher-student relation* Disorder
Inhibitory control Parent child relation* Teacher behavior* Disease
Inhibition Parent-child relation* Cerebral palsy
Flexibility Mother child relation* Trauma*
Switching Mother-child relation* Impairment
Shifting Father child relation* Brain injury
Selective attention Father-child relation* Down syndrome
Executive attention Parent* behavior* Congenital
Attention* control Maternal behavior* Developmental delay
Mother behavior* Adolescen*
Paternal behavior* Secondary school
Father behavior* High school
Teenage
Mice
Mouse
Ape
Monkey
Nonhuman
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Fig. 1. Flow Diagram of Parent Behavior Articles’ Selection Process.

Even though the three abilities can already be measured separately in early childhood using behavioral tasks, some researchers
prefer to use a unitary EF factor (i.e., aggregate scores of EF from separate subcomponents) in their studies. Several studies suggested
that a unitary EF factor shows stronger reliability than separate EF component scores for preschool children (4- and 6-year-olds,
Hughes & Ensor, 2009; 2.25 to 6-year -olds, Wiebe et al., 2011; 4-year-olds, Willoughby & Blair, 2011). As children grow older,
the three subcomponents seem to become more differentiated and frequently studied (Miyake & Friedman et al., 2000). It is possible
that measurement error tends to be higher in young children as they are more prone to factors that affect their performance, such as
fatigue. Yet, studies on the development of EF are characterized by large diversity in terms of assessment and analyses of EF: both
global EF scores (i.e., creating a composite score from different EF subcomponents or assessing general EF with one task) and separate
scores acquired from tasks/questionnaires measuring EF subcomponents are frequently used.



S. Kogkulu-Sancar et al. Developmental Review 67 (2023) 101063
The relation between parent and teacher behaviors and EF development

The high levels of plasticity and prolonged maturation of the prefrontal cortex make the development of EF susceptible to envi-
ronmental stimulation, such as the quality of adult-child interactions and characteristics of the physical environment (e.g., Bernier
etal., 2010; Bernier et al., 2015; McClelland et al., 2018; Moriguchi, 2014; Vygotsky, 1978; Zelazo et al., 2016). Considerable evidence
shows that parent—child interactions are one of the primary contexts for EF development such that parents’ positive (e.g., respon-
siveness, warmth) and cognitive behaviors (e.g., scaffolding, autonomy support) reinforce EF abilities while negative parental be-
haviors (e.g., intrusiveness, control) adversely impact the development of EF abilities of children (for two reviews see Fay-Stammbach
et al., 2014; Valcan et al., 2018).

Although parents as the primary caregivers play a crucial role in child development from birth, from early ages many children start
to attend early childhood education and care settings. From that moment onwards, teachers become important adults in children’s
lives. Yet, a more limited number of studies have investigated the impact of teachers on children’s EF development, which contrasts
with the extensive body of literature on parents. In line with the parenting literature, the teacher literature points to associations
between aspects of teacher-child interactions and classroom environments, on the one hand, and EF development, on the other hand
(for a review see Vandenbroucke, Spilt, Verschueren, Piccinin, & Baeyens, 2018). For example, while positive teacher-child in-
teractions (e.g., closeness) reinforce EF performance of children, negative interactions (e.g., conflict) negatively influence EF
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Fig. 2. Flow Diagram of Teacher Behavior Articles’ Selection Process.



Table 2

Overview of Parenting Studies’ Characteristics.

Author(s) Year Country Sample Age/grade during EF Age/grade during the Low Design Parental Behavior EF Measures
Size assessment assessment of parent SES
M (SD) behaviors
M (SD)
Baker 2018 USA 3349 53.31 (6.57) months 36 months 1 Longitudinal Maternal warmthP9, maternal Inhibitory control® ®
readingP?
Baker and Kuhn 2017 USA 18,174 Time 2 (spring semester) Time 1 (fall semester) 0 Longitudinal Maternal warmthP9, home learning  Inhibitory control'l, working
Age not reported 67.5 (4.5) months stimulationPd memory', cognitive flexibility® ®
Baptista et al. 2016 Portugal 72 69.51 (3.09) months 55.04 (1.54) months 0 Longitudinal Mental state talk® Inhibitory control', working
memory', cognitive flexibility" ®
Berkes et al. 2019 Cambodia 6508 47.04 (-) months 47.04 (-) months 1 Cross- Cognitive parentingP9, Inhibitory control’, attention
sectional socioemotional parentingP, shifting’, sustained attention® &
negative parenting??
Bibok et al. 2009 Canada 36 24.97 (2.65) months 24.97 (2.65) months 0 Cross- Directive and elaborative parental Cognitive flexibility" ®
sectional utterances®
Bindman et al. 2013 USA 127 From 3 to 4 to 5 years, Before kindergarten 0 Longitudinal Directive and suggestive language®  Inhibitory control®
assessed at 6 time points Age not reported
Blair et al. 2014 USA 1292 37.5 (1.76) and 60.62 37.5 (1.76) and 60.62 1 Longitudinal Responsiveness®, cognitive Inhibitory control', working
(3.26) months (3.26) months stimulation® memory', cognitive flexibility" &
Bosquet-Enlow 2019 USA 53 46.08 (3) months 46.08 (3) months 0 Cross- Cognitive stimulation®, emotional Inhibitory control', working
et al. sectional support® memory" ®
Cassidy et al. 2017 USA 141 10 weeks later than 50.68 (5.94) months 1 Intervention Attachment® Inhibitory control', cognitive
parent behavior flexibility" ®
assessment
Cipriano-Essel 2013 USA 118 44.4 (8.88) months 44.4 (8.88) months 1 Cross- Autonomy support®, warmth®, Inhibitory control® ®
etal. sectional control®
Clark & 2015 New 223 72 (-) months 24 (-) and 48 (-) months 0 Longitudinal Supportive presence®, Inhibitory control', working
Woodward Zealand intrusiveness®, synchrony® memory", cognitive flexibility",
sustained attention', selective
attention', planning® &
Conway & Stifter 2012 USA 68 54 (5.52) months 24.12 (0.24) months 0 Longitudinal Attention directing and Inhibitory control®
maintaining®
Cuevas et al. 2014 USA 62 25.08 (0.7), 37.2 (0.9), 37.2 (0.9), and 49.32 0 Longitudinal Negative caregiving® Inhibitory control!, working
and 49.32 (0.9) months (0.9) months memory", cognitive flexibility" 8
Daneri et al. 2018 USA 1009 48.32 (1.14) months 15 (-), 24 (-), and 36 (-) 0 Longitudinal Responsiveness®, linguistic input® Inhibitory control', working
months memory", cognitive flexibility" &
Distefano et al. 2018 USA 85 53.92 (6.32) months 53.92 (6.32) months 0 Cross- Autonomy® Inhibitory control', working
sectional memory", cognitive flexibility®” &
Eason & Ramani 2016 USA 32 63.26 (3.94) months 63.26 (3.94) months 0 Cross- Directive and elaborative Planning and organizingP9,
sectional guidance® working memory?® &
Ekerim & Selcuk 2017 Turkey 239 53.29 (10.19) months 53.29 (10.19) months 0 Cross- Maternal warmthP9, inductive Inhibitory control®
sectional* reasoningPd
Gartner et al. 2018 Germany 103 27.24 (3.09) months and 27.24 (3.09) months 0 Longitudinal Positive and negative co- Inhibitory controlP% *
6 weeks later regulationPd
Graziano et al. 2010 USA 435 66 (-) months 24 (-) months 0 Longitudinal Responsiveness®, warmth®, Inhibitory control® ®
control®
Gueron-Selaetal. 2017 USA 137 60 (-) months 60 (-) months 0 Cross- Harsh-intrusive parenting® Inhibitory control', working
sectional* memory", cognitive flexibility" &
Gueron-Selaetal. 2018 USA 1037 36 (-) and 48 (-) months 24 (-) and 36 (-) months 1 Longitudinal Warmth®, language complexity®, Inhibitory control', working

joint attention®, intrusiveness®

memory', cognitive flexibility" &

(continued on next page)
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Table 2 (continued)

Author(s) Year Country Sample Age/grade during EF Age/grade during the Low Design Parental Behavior EF Measures
Size assessment assessment of parent SES
M (SD) behaviors
M (SD)
Giindiiz et al. 2015 Turkey 217 53.66 (9.59) months 53.66 (9.59) months 0 Cross- Sensitivity?d, power- Inhibitory control® $
sectional assertivenessP?
Gustaffson et al. 2015 USA 154 60 (-) months 24 (-), 36 (-) and 60 (-) 0 Longitudinal Sensitivity® Inhibitory control', working
months memory", cognitive flexibility" *
Halse et al. 2019 Norway 1070 6 (-), 8 (-) and 10 (-) years 4 (-) and 6 (-) years 0 Longitudinal Sensitivity®, intrusiveness® Inhibitory control', Flexibility',
Emotional Control', Initiate'd,
Working Memory'9, Plan/
Organize', Organization of
Materials'9, and Monitor'® &
Hammond et al. 2012 Canada 82 2 years 18 days (81 days), 2 years 18 days (81 days), O Longitudinal Scaffolding® Inhibitory control', working
3 years 21 days (82 days) 3 years 21 days (82 days) memory', cognitive flexibility® ®
and 4 years 28 days (110
days)
Heylen et al. 2017 Belgium 120 10.61 (1.03) years 10.61 (1.03) years 0 Cross- Attachment®? Inhibitory control®
sectional
Holochwost et al. 2016 USA 206 60 (-) months 24 (-) and 36 (-) months 1 Longitudinal Sensitivity®, intrusiveness® Inhibitory control', working
memory", cognitive flexibility" &
Holochwost et al. 2018 USA 206 60 (-) months 24 (-) and 36 (-) months 1 Longitudinal Positive regard®, intrusiveness® Inhibitory control', working
memory', cognitive flexibility" &
Hughes & Ensor 2005 UK 140 2.37 (4 months) years 2.37 (4 months) years 1 Longitudinal Positive parenting® Inhibitory controt', working
and one month later memory", cognitive flexibility" &
Hughes & Ensor 2009 UK 125 2 (-) and 4 (-) years 2 (-) years 1 Longitudinal Scaffolding® Inhibitory control', working
memory", cognitive flexibility® &
Hughes & Devine 2017 UK 117 3.94 (0.53) and 5.11 3.94 (0.53) and 5.11 0 Longitudinal Scaffolding®, cognitive Inhibitory control', working
Devine et al. (0.54) years (0.54) years stimulationP, linguistic input®, memory", cognitive flexibility®™ &
2016 negative affect®
Kamza et al. 2016 Poland 48 4.1 years (6.80 months) 4.1 years (6.80 months) 0 Cross- AcceptancePd, autonomyP9, Inhibitory control', cognitive
sectional inconsistency®d, protectionP? flexibility® ®
Kok et al. 2013 The 544 48.5 (1.04) months 3 (-) years 0 Longitudinal Sensitivity®, intrusiveness® Inhibitory control?d, working
Netherlands memory”d, planning®9, shifting,
emotional controlP% ®
Korucu et al. 2019 UsA 120 56.65 (6.54) months 56.65 (6.54) months 0 Cross- Sensitivity??, warmthP9, cognitive Inhibitory control', cognitive
sectional stimulation®Y, control??, EF-related  flexibility" *
activitiesPd
Landry et al. 2002 USA 253 6 (-) years 39.9 (0.2) months 1 Longitudinal Verbal scaffolding® Working memory and cognitive
flexibility" ®
Lee et al. 2018 Korea 95 55 (3.7) months 55 (3.7) months 0 Cross- Contingency®, intrusiveness® Inhibitory control', working
sectional memory', cognitive flexibility® ®
Lengua et al. 2014 USA 306 36-40 (-), 45-49 (), 3640 (-), 45-49 (), 0 Longitudinal Warmth®, negativity®, scaffolding®,  Inhibitory control', cognitive
54-58 (-), and 63-67 (-) 54-58 (-), and 63-67 (-) responsiveness® flexibility" &
months months
Li-Grining 2007 USA 439 4.50 (0.83) 4.50 (0.83) years 1 Cross- Dyadic connectedness® Inhibitory control® ®
sectional*
Low & Webster 2015 USA 1004 54 (-) months and 6 (-) 36 (-) months 0 Longitudinal Attachment® Inhibitory control’, sustained
years attention®®
Lowe et al. 2014 USA 40 44.5 (4.1) months 44.5 (4.1) months 0 Cross- Verbal scaffolding® Inhibitory control', cognitive
sectional flexibility®

(continued on next page)
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Table 2 (continued)

Author(s) Year Country Sample Age/grade during EF Age/grade during the Low Design Parental Behavior EF Measures
Size assessment assessment of parent SES
M (SD) behaviors
M (SD)
Lucassen et al. 2015 Netherlands 607 48.4 (0.9) months 3 years, 48.4 (0.9) 0 Longitudinal Sensitivity®, harsh parentingP? Inhibitory controlPd, cognitive
months flexibilityPd, emergent
metacognition?® *
Mathis & 2015 USA 210 4.8 (-) years 4.8 (-) years 1 Cross- Warm-sensitive parenting®, Inhibitory control® $
Bierman sectional directive-critical parenting®
Matte-Gagné 2014 Canada 78 36.8 (0.8) months 15.5 (0.9), 36.8 (0.8) 0 Longitudinal Autonomy support® Inhibitory control', delay of
et al. months gratification’, cognitive flexibility"
g
Meece & 2014 USA 721 54 (-) months 54 (-) months 0 Cross- Father positive caregiving®, father Inhibitory control®
Robinson sectional harsh control??
Merz et al. 2017 USA 534 4.46 (0.52) years and 6.5  4.46 (0.52) yearsand 6.5 1 Longitudinal Warm acceptance®, contingent Inhibitory control’, cognitive
months later months later responsiveness®, and verbal flexibility® &
scaffolding®
Meuwissen & 2015 USA 110 37.68 (1.68) months 37.68 (1.68) months 0 Cross- Father autonomy®, father control® Inhibitory control', working
Carlson sectional memory", cognitive flexibility",
delay of gratification® ®
Meuwissen & 2018 USA 89 57.8 (1.33) months 3 years, 57.8 (1.33) 0 Longitudinal Father autonomy®, father control® Inhibitory control', working
Carlson memory", cognitive flexibility",
delay of gratification" 8
Meuwissen & 2019 USA 128 39.48 (1.52) months 39.48 (1.52) months 0 Experimental ~ Autonomy support®, control® Inhibitory control', working
Carlson memory", cognitive flexibility",
child self-regulation® &
Mileva-Seitzetal. 2015 Netherlands 752 51.5 (1.3) months 3.13 (0.12) years 0 Longitudinal Sensitivity® Inhibitory control', working
memory", sustained attention” °
Obradovié et al. 2016 Pakistan 1302 48 (-) months 24 (-), 48 (-) months 1 Intervention Scaffolding®, home stimulation Inhibitory control’, working
quality® memory", cognitive flexibility® &
Obradovi¢ et al. 2019 Pakistan 1302 48 (-) months 24 (-) months 1 Longitudinal Scaffolding®, home stimulation Inhibitory control', working
quality® memory", cognitive flexibility" &
Rolan et al. 2018 USA 505 43.91 (9.30) months 43.91 (9.30) months 0 Cross- WarmthP9, punitive strategies? Global EFP% 8
sectional
Roskam et al. 2014 Belgium 421 55.28 (11.14), 65.38 55.28 (11.14), 65.38 0 Longitudinal Positive parentingP?, monitoring®,  Inhibitory control® *
(11.86), 75.09 (12.30) (11.86), 75.09 (12.30) rulesPd, disciplineP9, inconsistent
months months disciplinePd, harsh punishment?9,
ignoringP9, material rewardingP9,
autonomyP?
Schneider- 2016 Germany 27 58.7 (6.6) months 58.7 (6.6) months 0 Cross- Sensitivity®, structuring®, non- Inhibitory control®
Hassloff et al. sectional intrusiveness®, non-hostility®
Schroeder & 2010 USA 100 8.54 (2.11) years 8.54 (2.11) years 0 Cross- Autonomy supportP? Inhibitory controlPd, shiftingP9,
Kelley sectional working memory?® *
Sobkin et al. 2016 Russia 59 5 (-) and 7 (-) years 5 (-) and 7 (-) years 0 Cross- Authoritarian parentingP, Inhibitory control', cognitive
sectional democratic parentingP? flexibility®
Sosic-Vasic et al. 2017 Germany 169 Primary school: 9.68 Primary school: 9.68 0 Cross- Positive parenting behaviorPd, Inhibitory control', working
(0.59, middle school: (0.59, middle school: sectional involvementPd, inconsistent memory", cognitive flexibility" 8
11.95 (0.82, Gymnasien 11.95 (0.82, Gymnasien disciplinePd, corporal
school: 11.61 (0.66) school: 11.61 (0.66) punishmentP?
years years
Spruijt et al. 2018 Netherlands 98 6.2 (1.2) years 6.2 (1.2) years 0

(continued on next page)
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Table 2 (continued)

Author(s) Year Country Sample Age/grade during EF Age/grade during the Low Design Parental Behavior EF Measures
Size assessment assessment of parent SES
M (SD) behaviors
M (SD)
Cross- Supportive presence®, Inhibitory control', working
sectional intrusiveness®, verbal scaffolding® memory", cognitive flexibility® *
Spruijt et al. 2019 Netherlands 70 76.25 (14.49) months, 76.25 (14.49) months, 0 Intervention Parental support®, intrusiveness® Global EF" &
approximately 6 months approximately 6 months
later later
St Geoerge et al. 2016 Australia 24 51 (3) months 51 (3) months 0 Cross- Sensitivity®, cognitive Inhibitory control®
sectional stimulation®, positive affect®,
intrusiveness®, negative affect®,
detachment®
Suor et al. 2016 USA 185 63.12 (2.57) months 3.5 (-) years 0 Longitudinal Responsiveness®, warmth®, harsh Working memory”"
discipline®
Suor et al. 2019 USA 160 63.31 (4.03) months 63.31 (4.03) months 0 Cross- Guided learning®, reciprocity®, Inhibitory control', working
sectional control® memory', cognitive flexibility" ®
Swingler et al. 2018 USA 276 56 (5) months 56 (5) months 0 Cross- Emotional support®, negativity®, Inhibitory control®
sectional intrusiveness®
Vandenbroucke 2017 Belgium 170 7 years 6 months (7 7 years 6 months (7 0 Experimental Working memory®
et al. months) months)
Warmth®?, conflict®?
Vandenbroucke 2018b  Belgium 412 10.49 (1.15) years 10.49 (1.15) years 0 Experimental ~ Support®d, conflict Working memory" *
et al.
Vernon-Feagans 2016 USA 1292 24 (-) and 36 (-) months 36 (-), 48 (-), 60 (-) 1 Longitudinal Parental responsiveness and Inhibitory control', working
et al. months acceptance® memory"
Towe- 2014
Goodman
et al.
Weisleder et al. 2018 Brasil 566 37.4 (6.5) months 37.4 (6.5) months 1 Intervention Cognitive stimulation®, interactive ~ Working memory" *
reading®, physical punishment??
Xing et al. 2016 China 328 4.12 (0.32) years 4.12 (0.32) years 0 Cross- Corporal punishment?? Inhibitory control', working
sectional memory", cognitive flexibility® S
Yu et al. 2020 USA 359 25(),350),60),7() 2.5 (-) years 1 Longitudinal Sensitivity®, intrusiveness®, Inhibitory control" $
Owen et al. 2013 years detachment®, cognitive
stimulation®, positive regard®, and
negative regard®
Zeytinogl et al. 2016 USA 278 5 (-) years 4 (-) years 0 Longitudinal Emotional support®, Inhibitory control', working
intrusiveness®, negativity® memory', cognitive flexibility® ®
Zeytinoglu et al. 2018 USA 278 56.37 (4.68), 70.80 56.37 (4.68), 70.80 0 Longitudinal Emotional responsiveness®, Cognitive flexibility" *

(3.86) and 82.76 (4.02)
months

(3.86) and 82.76 (4.02)
months

intrusiveness®, negativity®,
cognitive support®

Note. SES = socioeconomic status; pq = parent questionnaire; tq = teacher questionnaire; cq = child questionnaire; o = observation; t = behavioral task; s = separate EF component; g = global EF score; b
= both separate and global EF scores were evaluated. For SES, 1 means that the sample is characterized by a high number of children from low socioeconomic background as described by the authors of the
respective studies. *Even though the study has a longitudinal design, child EF and parental behaviors were assessed at the same time point.
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Table 3
Overview of Teacher Studies’ Characteristics.
Author(s) Year Country Sample Age/grade Age/grade Low Design Teacher EF Measures
Size during EF during the SES Behavior
(Teacher/  assessment assessment of
Children) M (SD) teacher
behaviors
M (SD)
Ansari & Pianta 2018 USA 325/ 4.17 (0.47) 4.17 (0.47) 0 Intervention Instructional Inhibitory
1407 months, fall and  months, fall and support® control® *
spring semester spring semester
Bardack & 2019 USA 33/813 9.90 (0.83) 9.90 (0.83) 0 Cross- EF-related Inhibitory
Obradovié years years sectional behaviors® control’,
working
memory’,
cognitive
flexibility” 8
Berry 2012 USA -/1364 pre- Kindergarten, 0 Longitudinal Teacher-child Inhibitory
kindergarten second grade conflict' control®

(4.5 years old),
first and fourth

grade
Blair et al. 2016 USA 487/ 48 (2) months 71 (3) months 1 Longitudinal Teacher-child Inhibitory
1005 relationship™ control’,
working
memory’,
cognitive
flexibility® &
Cadima et al. 2015 Belgium 30/145 Beginning of Beginning and 0 Longitudinal Closeness'd, Inhibitory
kindergarten end of conflict' control® °
kindergarten
Cadima et al. 2016 Portugal 93/485 60.05 (9.51) 60.05 (9.51) 0 Cross- Classroom Inhibitory
months months sectional interactions® control’,
cognitive
self-
regulation® &
Choi et al. 2016 USA 51/169 Fall semester, Fall semester 1 Longitudinal Emotional Inhibitory
spring semester support®, control® *
of kindergarten instructional
(56.07 (6.38) support®,
months) classroom
organization®
De Wilde et al. 2016 Netherlands  -/1109 5.52 (1.00), 5.52 (1.00), 0 Longitudinal Warmth®9, Working
6.02 (1.00), 6.02 (1.00), conflict® memory” ®
6.98 (1.01) 6.98 (1.01)
months months
Dias & Seabra 2017 Brasil 4/58 Experimental Experimental 1 Intervention EF-related Inhibitory
group: 77 (3.8) group: 77 (3.8) activities controlP® 9,
months, control months, control working
group: 77.4 group: 77.4 memory”®
(3.35) months (3.35) months ta, cognitive
at the beginning flexibility® ®
of the first
grade, end of
the first grade
Fuhs et al. 2013 USA 60/803 Fall semester Fall semester, 0 Longitudinal Behavior Inhibitory
(54 (4) months), midyear, spring approving®, control’,
spring semester semester teacher working
listening to memory’,
children®, cognitive
emotional flexibility® &
tone®,
cognitive
learning
environment®
Goble & Pianta 2017 USA 325/ 4 (-)yearsatfall  Midyear of 1 Longitudinal Emotional Inhibitory
1407 semester, spring  preschool support®, control®
semester instructional
support®,
classroom
organization®

(continued on next page)
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Table 3 (continued)

Author(s) Year Country Sample Age/grade Age/grade Low Design Teacher EF Measures
Size during EF during the SES Behavior
(Teacher/  assessment assessment of
Children) M (SD) teacher
behaviors
M (SD)
Goble et al. 2019a USA 269/ 4.18, (0.46) at Fall and spring 1 Longitudinal Emotional Inhibitory
1179 fall semester, semester support®, control® *
spring semester instructional
support®,
classroom
organization®
Goble et al. 2019b  USA 954/ 54 (-) months, 7.02 (-) years 0 Longitudinal Closeness'd, Inhibitory
1364 7.02 (-) years conflict'd, control’,
teacher-child working
interaction memory” ®
quality®
Hamre et al. 2014 USA 325/ 4.17 (0.47) Midyear of 1 Longitudinal Emotional Inhibitory
1407 years at fall preschool support®, control’,
semester, spring instructional working
semester support®, memory”
classroom
organization®,
teacher-child
interaction
quality®
Hatfield et al. 2016 USA 222/875 4.11 (0.0.50) Midyear of 0 Longitudinal Emotional Inhibitory
years at fall preschool support®, control® °
semester, spring instructional
semester support®,
classroom
organization®
Hernandez et al. 2017 USA 26/301 5.48 (0.35) Spring of 0 Longitudinal Closeness', Inhibitory
years at fall of kindergarten conflict' control'® &
kindergarten
Hu et al. 2017 China 59/589 4.99 (0.55) 4.99 (0.55) 0 Cross- Emotional Global EFP®
years years sectional support®, 8
instructional
support®,
classroom
organization®
Hu et al. 2020 China 59/588 6.12 (0.44) 6.12 (0.44) 0 Longitudinal Emotional Inhibitory
years, 6 months years, 6 months support®, control®
later, 12 months  later instructional
later support®,
classroom
organization®
Keilow et al. 2019 Denmark 52/1160 End of grade 1, End of grade 1, 0 Intervention Classroom Selective
beginning of beginning of management attention® ®
grade 2, end of grade 2, end of
grade 2 grade 2
Langeloo et al. 2019 Netherlands ~ 19/69 5.5(4.54) years, 5.5(4.54)years, O Longitudinal Emotional Inhibitory
3 time points 3 time points support®, control’,
during school during school instructional working
year year support®, memory’,
classroom cognitive
organization® flexibility® &
Leyva et al. 2015 Chile 91/1868 4 years, at the End of the 1 Longitudinal Emotional Inhibitory
beginning and prekindergarten support®, control’,
end of the instructional cognitive
prekindergarten support®, flexibility” *
classroom
organization®
McKinnon & Blair 2018 USA 82/759 5 years 9 5 years 9 0 Longitudinal Closeness'd, Inhibitory
months (4 months (4 conflict' control’,
months) at fall months) at fall cognitive
of kindergarten, of kindergarten, flexibility” &
spring of spring of
kindergarten, kindergarten,

fall of 1st grade fall of 1st grade
(continued on next page)
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Table 3 (continued)

Author(s) Year Country Sample Age/grade Age/grade Low Design Teacher EF Measures
Size during EF during the SES Behavior
(Teacher/  assessment assessment of
Children) M (SD) teacher
behaviors
M (SD)
Neuenschwander 2017 USA 33/171 68.9 (4.2) Spring of 0 Longitudinal Emotional Inhibitory
et al. months at fall of  kindergarten support®, control’,
kindergarten, instructional cognitive
spring of support®, flexibility® &
kindergarten classroom
organization®
Nguyen et al. 2020 USA 156/ 55.01 (3.51) 55.01 (3.51) 1 Longitudinal Closeness'd, Inhibitory
1498 months at fall of ~ months at fall of conflict'd, control’,
preschool, preschool, teacher-child working
spring of spring of interaction memory” 8
preschool preschool quality®
Pianta et al. 2020 USA 126/ 4.40 (0.29) 4.40 (0.29) 1 Longitudinal Instructional Inhibitory
1498 years at fall of years at content'd, control’,
preschool, preschool interaction working
spring of quality® memory”
preschool
Rimm-Kaufmann 2009 USA 36/172 5.41 (0.34) 5.41 (0.34) 0 Cross- Emotional Inhibitory
etal. years years sectional support®, control’,
instructional cognitive
support®, self-
classroom regulation'®
organization® s
Sandilos et al. 2019 USA 156/899 53.91 (3.75) 53.91 (3.75) 0 Longitudinal Closeness', Inhibitory
months at fall of ~ months at fall of conflict" control’,
preschool, preschool, working
spring of spring of memory"®
preschool preschool
Schmitt et al. 2019 USA 40/102 53.57 (5.42) 53.57 (5.42) 0 Cross- Emotional Inhibitory
months months sectional support®, control® °
instructional
support®,
classroom
organization®
Sosic-Vasic et al. 2015 Germany 150/208 Primary school: Primary school: 0 Cross- Autonomy Global EF" &
9.18 (0.77), 9.18 (0.77), sectional support"
middle school: middle school:
11.29 (0.88), 11.29 (0.88),
Gymnasium Gymnasium
school: 11.07 school: 11.07
(0.80) (0.80)
Suntheimer & 2020 USA -/18200 5.6 (-) years at 5.6 (-) years at 0 Longitudinal Closeness'® Inhibitory
Wolf the fall of the fall of control'd,
kindergarten, kindergarten, working
spring of spring of memory’,
kindergarten kindergarten cognitive
flexibility® ®
Swanson et al. 2015 USA 116/291 7.66 (0.39) 7.66 (0.39) 0 Cross- Closeness', Inhibitory
years years sectional® conflict' controlP® & 1
Vandenbroucke 2017 Belgium 18/170 7 years 6 7 years 6 0 Experimental ~ Warmth®, Working
et al. months (7 months (7 conflict®? memory” ®
months) months)
Vandenbroucke 2018b Belgium 31/412 10.49 (1.15) 10.49 (1.15) 0 Experimental Closeness®d, Working
etal. years years conflict® memory” ®
Vandenbroucke 2018c¢ Belgium 33/107 5.58 (0.29), 5.97 (0.26) 0 Longitudinal Closeness', Working
et al. 6.88 (0.28) years conflict'd, memory” ®
years dependency'd
White et al. 2019 USA 37/411 4.47 (0.51) Winter period of 1 Longitudinal Emotional Global EF 8
years at the fall preschool support®,
of preschool, instructional
spring of support®,
preschool classroom
organization®
Weilan et al. 2013 USA 83/414 0 Longitudinal Emotional Inhibitory
support®, control’,

(continued on next page)
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Author(s) Year Country Sample Age/grade Age/grade Low Design Teacher EF Measures
Size during EF during the SES Behavior
(Teacher/  assessment assessment of
Children) M (SD) teacher
behaviors
M (SD)
4 (-) years (fall 4 (-) years instructional working
and spring of (spring of support®, memory” *
kindergarten) kindergarten) classroom
organization®,
language and
literacy
support®
Williford et al. 2013 USA 100/341 46.9 (6.6) Spring semester 1 Longitudinal Positive Inhibitory
months at fall engagement control’,
semester, spring with teacher® cognitive
semester self-

regulation® 8

Note. SES = socioeconomic status; pq = parent questionnaire; tq = teacher questionnaire; cq = child questionnaire; o = observation; t = behavioral
task; s = separate EF component; g = global EF score; b = both separate and global EF scores were evaluated. For SES, 1 means that the sample is
characterized by a high number of children from low socioeconomic background as described by the authors of the respective studies. *Even though
the study has a longitudinal design, child EF and teacher behaviors were assessed at the same time point.

performance (e.g., McKinnon & Blair, 2018).

The relationships that children have with parents and teachers have some commonalities and differences that may be relevant for
how they impact child development. With regard to commonalities, children are emotionally connected to both parents and teachers
with whom they spend a considerable amount of time from an early age (Commodari, 2013; Roorda et al., 2011). Further, both parents
and teachers provide a learning environment where they support children emotionally and offer cognitively stimulating activities. The
similar characteristics of the relationships children have with parents and teachers can inform overarching theories concerning the role
of social context in child EF development. For example, the Attachment Theory posits that an emotional bond between children and
parents helps children to feel secure around their parents (Bowlby, 1982). The secure feeling around parents allows children to explore
their environments independently and learn from those explorations more easily (Commodari, 2013; O’Connor & McCartney, 2007).
Empirical research corroborates that secure attachment between children and parents reinforces child EF development (Bernier et al.,
2012, 2015). Children can emotionally attach to teachers as well (Commodari, 2013; Verschueren & Koomen, 2012), potentially
affecting children’s exploration behaviors and learning. Similarly, it has been suggested that when children have a close bond with
teachers, they may benefit from their input and instructions more which could improve their cognitive abilities, including EFs (Cadima
et al., 2015; Nguyen et al., 2020).

There are also differences between parents and teachers in regard to child development. While parents are generally untrained
about child education and they may lean more towards providing emotional support, teachers receive educational training and tend to
additionally focus on stimulating cognitive development (Slot et al., 2015; Verschueren & Koomen, 2012). Relationships also differ in
other aspects such that children share genetic codes and engage with parents from birth while they typically do not share genetic codes
with their teachers and start interacting with them a few years after birth (mostly in daycares and preschools). Another important
difference is the stability and continuation of these relationships: the parent—child relationship is (in most cases) more stable over time
while the teacher-child relationship is typically transient: most children engage with different teachers throughout their school lives.
The number of children in families and classrooms also differs such that, compared to parents, the attention and time of teachers is
mostly distributed over more children. Despite these distinctions, parents and teachers share the importance of being significant adults
in children’s development.

Considering that parental behaviors have been investigated to a larger extent compared to teacher behaviors, the field of teacher
studies may benefit from the literature of parental behaviors, specifically in terms of EF development. Moreover, the differences
between parents and teachers can help researchers to unravel the mechanisms behind the effect of significant adults on EF devel-
opment. If similar findings exist in terms of the role of parental and teacher behaviors in child EF, we can conclude that, apart from
genetic transmission, social interactions play significant roles in child EF development. In addition, previous studies indicated that the
strength of the impact of parent and teacher behaviors on child EF varies in different populations. For example, a meta-analysis of
Valcan et al. (2018) showed that a stronger effect size for the association between parents’ cognitively supporting behaviors and child
EF was found in younger children compared to older children. Further, Vandenbroucke, Spilt, Verschueren, Piccinin, and Baeyens
(2018) demonstrated that effect sizes were larger for the relationship between teacher behaviors and child EF in studies including a
higher percentage of boys than girls and higher socioeconomic status than lower socioeconomic status. Therefore, it is important to
unravel for which populations and under which conditions the effect of parent and teacher behaviors exert their effect on child EF
development, and whether similar moderator variables exist in the two fields of literature for the relationship between parent/teacher
behaviors and child EF.
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Categories of parental and teacher behaviors

Previous research grouped parental behaviors using three general dimensions: positive, negative, and cognitive behaviors (Valcan
et al., 2018), and this broad categorization can also be applied to teacher behaviors. Positive parental and teacher behaviors include
emotional aspects of the relationship such as warmth, responsiveness, and emotional attachment between parents/teachers and
children (Hamre et al., 2014; Landry, Smith, & Swank, 2006; Maccoby & Martin, 1983). Negative behaviors are the degree of parents’
and teachers’ effort to control children’s behaviors, displaying disciplinary behaviors and punishment, which lead to conflictual re-
lationships between parents/teachers and children (Rhee et al., 2015; Vandenbroucke et al., 2018). Cognitive behaviors refer to
cognitive support in which parents and teachers encourage children to engage in cognitively stimulating activities, demonstrate
scaffolding behaviors (Matte-Gagné & Bernier, 2011), and display autonomy support (Sosic-Vasic et al., 2015).

Previous research suggests that different aspects of parenting and teacher behaviors have their own unique relations with child EF.
For example, Bernier et al. (2010) and Hughes and Devine (2017) showed that emotional (e.g., sensitivity), negative (e.g., negative
parent—child interactions) and cognitive (e.g., scaffolding) aspects of parenting have differentiated and specific impacts on child EF
development. In addition, Nguyen et al. (2020) demonstrated the unique and specific relations between positive (e.g., closeness be-
tween teachers and students) and negative (e.g., conflict between teachers and students) aspects of teacher-child interactions and child
EF. Even though similar aspects of parent and teacher behaviors were investigated in previous studies, whether these behaviors show
similar or different impacts on child EF has not yet been systematically explored before.

Current study

This systematic review study has two goals. Firstly, we aim to draw a comprehensive picture of the theoretical approaches and
mechanisms that can explain the association between both parent and teacher behaviors on the one hand and EF development from
early to middle childhood (i.e., in 2- to 12-year-olds) on the other hand. Second, by systematically reviewing the literature, we aim to
compare and combine the patterns of findings from parent-child and teacher-child interaction studies to determine which positive,
negative and cognitive parental and teacher behaviors have similar or different effects on children’s EF from early to middle childhood.
By bringing the two bodies of literature together, our purpose is to see whether one field may inform the other field in terms of new
theoretical approaches and suggest new parent/teacher behaviors or underlying mechanisms that might be relevant to EF
development.

Method
Inclusion and exclusion criteria

Two separate searches for scientific literature with the same protocol were conducted for the relation between a) parent—child
interactions and child EF, and b) teacher-child interactions and child EF. For inclusion in the study, the following five criteria were
used: (1) the article should be published in a peer-reviewed journal in English after 2000, (2) child participants should be between 2
and 12 years old when their EF and parent/teacher behaviors were assessed, (3) cognitive aspects of EF were studied either with a
global EF score or with scores for separate subcomponents (i.e., inhibitory control, working memory, cognitive flexibility) through
tasks, questionnaires, or observations, (4) parent- or teacher-child interactions should be assessed with either an observation, a parent/
teacher self-report questionnaire, or child-report questionnaire, and (5) studies should focus on non-clinical samples. We chose the
year of 2000 as a starting point because research on EF development started to emerge in both parent and teacher literature around this
period (Valcan, Davis, & Pino-Pasternak, 2018; Vandenbroucke, Spilt, Verschueren, Piccinin, & Baeyens, 2018). We selected the age
range of 2 to 12 because children start attending early childhood education and care settings at the age of 2 and finish primary school
by the age of 12 in many countries (Bertram & Pascal, 2002; Le Métais, 2003; Leseman et al., 2017; 2015). Also, children spend a large
proportion of time with a limited number of teachers throughout the school year and the time intensity of contact with teachers versus
parents is more similar during this age range than in older children. That is, children attending secondary schools are exposed to
multiple teachers whose impacts on child outcomes may differ (Roorda et al., 2011).

Studies were excluded when (1) they do not report the statistical relationship between parent/teacher-child interactions and child
EF, (2) they only assessed the emotional (i.e., emotional self-regulation, delay of gratification) or temperamental (i.e., temperamental
aspects of inhibitory or effortful control) aspects of EF, (3) they only focused on populations at risk or atypical samples (e.g., children
with developmental disorders, parents with mental health issues such as depression), and (4) the article does not include empirical
data (e.g., review, meta-analysis paper). Even though studies assessing effortful control were excluded from the review, we included
“effortful control” as a search term because some researchers assess effortful control via tasks such as the Stroop Task (Daneri et al.,
2018) or the Continuous Performance Task (NICHD Early Child Care Research Network, 2003) which measures children’s inhibitory
control abilities. Since we did not want to miss the studies assessing inhibitory control with so-called effortful control tasks (Graziano
et al., 2010; Hernandez et al., 2017; Swanson et al., 2015), we included this search term in our search procedure.

Search procedure and selection of studies

Search terms were grouped into three topics of interest: EF performance of children, parent-child interactions, and teacher-child
interactions. One search entailed the EF-related terms in combination with parent—child interaction terms, and the other search
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entailed the same EF-related terms in combination with teacher-child-interaction terms. We also defined some terms that encompass
the exclusion criteria (e.g., age range, clinical groups) and we excluded the studies with these terms by using the not function during
the database searches. All the search terms are presented in Table 1. Titles and abstracts in four databases were searched: Web of
Science, Scopus, PsycINFO and ERIC during June-July 2020. The search was restricted to English language and peer-reviewed articles.
In addition to the database search, we also searched additional articles cited in previous reviews on either parent or teacher behaviors
in relation to child EF development.

The searches identified 1,932 articles for parent—child interactions and 521 articles for teacher-child interactions. The selection
process is depicted in Fig. 1 (parent-child interaction) and Fig. 2 (teacher-child interaction). After removing duplicates, titles and
abstracts of the remaining articles were screened and judged according to the inclusion criteria by the first author. For the screening
process of titles and abstracts, ASReview was used (van de Schoot et al., 2021). This machine-learning aided tool displays the abstracts
one by one, and the reviewer marks them as relevant or irrelevant based on their selection criteria. The ASReview software improves its
algorithms with the choices of the reviewer and orders the articles from most relevant to least relevant. The efficacy of the tool has been
established by previous studies (Harmsen et al., 2021; Van den Brand & van de Schoot, 2021). The first author screened and marked (as
relevant or not) all the abstracts starting from the most relevant ones which speeded up the selection process.

In case it was not clear whether the article fitted the criteria, it was included for the next step of the selection procedure. Then, the
full texts of the articles were screened which resulted in 71 selected articles for parent—child interactions and 33 articles for teacher-
child interactions. After we added the additional articles identified through other review papers (Moriguchi, 2014; Valcan et al., 2018;
Vandenbroucke, Spilt, Verschueren, Piccinin, & Baeyens, 2018), the final sample consisted of 74 articles for parent—child interactions
and 37 articles for teacher-child interactions. Two articles examined the relation of both parent and teacher behaviors to child EF, and
were included in the selection process of both fields (Vandenbroucke et al., 2017, 2018).

Further examination of the articles revealed that some studies in both fields used the same or overlapping samples for their an-
alyses. In such cases, we included the studies if they met these criteria: (1) studies assessed different parental or teacher behaviors, (2)
measured EF and/or parental/teacher behaviors at different time points, (3) assessed different components of EFs, and/or (4)
implemented different designs (i.e., while one study examined the effect of an intervention, the other one used a correlational design).
Three studies in the parent literature were not included in the analyses since they examined exactly the same relationship between the
same parental behaviors and the same EF components at the same time point as another study (Devine et al., 2016; Owen et al., 2013;
Towe-Goodman et al., 2014). We put together these three studies with the other study investigating the same associations in Table 2.
Further, in the cases in which two studies examined overlapping relationships, we included the first study and only included the
differing relationship from the second study. Same sample studies and inclusion/exclusion process can be found in Appendix A.

To check the reliability of the selection process, 20 % randomly selected articles were screened independently by a research as-
sistant in the abstract reading and full text reading phases. The kappa value for the parent articles was 0.83 in the abstract reading
phase and 0.85 in the full text reading phase. The kappa value for the teacher articles was 0.95 in the abstract reading phase and 0.93 in
the full text reading phase.

Coding

Before we turn to reviewing the empirical findings of the different studies, we provide an overview of the theoretical foundations in
the parent and teacher literature to detect overlap as well as differences in explanations and proposed underlying mechanisms. The
theoretical frameworks discussed in the articles included in this review can be divided into four categories. The first category involves
an overarching theory about development in general (Bioecological Model). The second category includes theories mentioned in both
parent and teacher literature and suggest more specific mechanisms that explain why parental and teacher behaviors are linked to
child EF (Attachment Theory and Sociocultural Theory). The third category involves theories mentioned only in the parent literature
with one theoretical approach focusing on the broader environmental or situational factors that explain variations in parental be-
haviors and subsequently child EF (Family Stress Model), and another theoretical framework suggesting biological mechanisms and
the interaction of biological and social mechanisms to explain the link between parental and child EF (Intergenerational Transmission
Model). The last category includes a theoretical framework mentioned only in the teacher literature and focuses on the role of the
quality of teacher-child interactions in child development (Teaching Through Interactions). A list of studies that provided explanations
based on the above-mentioned theories is presented in Appendix B.

Included articles were coded based on five dimensions: (1) information about the article (i.e., author(s), year of publication, title
and research question, design of the study), (2) sample characteristics (i.e., sample size, age, ethnicity and socioeconomic status of the
participants), (3) EF assessment (i.e., EF component: inhibitory control, working memory, cognitive flexibility, global vs separate EF
component used in the analyses, type of instrument: questionnaires, tasks, or observation), (4) parent/teacher behaviors (i.e., parent/
teacher behavior dimensions, type of instrument: self/child report or observation), and (5) main findings related to child EF and
parent/teacher behaviors. The list of articles and the coding dimensions are presented in Table 2 and Table 3.

Studies in this review are characterized by large diversity in assessment methods and statistical approaches. While some studies
measured the global EF with one task, some studies measured separate subcomponents and created a composite or latent score.
Further, some studies used scores of separate EF components which were either assessed with one task or several tasks (e.g., composite
or latent score of working memory). Whether EFs were assessed by global or separate EF scores was determined by whether different
aspects of EF were used in the analyses. If scores from one EF component (i.e., whether separate EF components of inhibitory control,
working memory, or cognitive flexibility measured with one task or measured with multiple tasks and aggregated to a single score for
the respected subcomponent) were used for the analyses, it was interpreted as a separate EF component. If scores from multiple tasks
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Table 4
Study and Sample Characteristics.
Study and sample characteristics Parent studies Teacher studies
n % n %
Total 71 37
Child age
EF assessment
Preschool 60 84.51 24 64.86
Elementary school 5 7.04 8 21.62
Mixed (preschool + elementary school) 6 8.45 5 13.51
Parent/Teacher behaviors
Preschool 61 85.91 24 64.86
Elementary school 4 5.63 9 24.32
Mixed (preschool + elementary school) 6 8.45 4 10.81
Assessment method
EF assessment
Behavioral Task 62 87.32 31 83.78
Parent/Teacher-report 7 8.86 1 2.70
Behavioral task + parent/teacher report 1 1.41 5 13.51
Behavioral task + observation 1 1.41 -
Parent/Teacher behaviors
Observation 50 70.42 19 51.35
Parent/Teacher-report 14 19.72 11 29.72
Child-report 3 4.22 3 8.11
Observation + parent/teacher report 4 5.63 2 5.40
Intervention*® 2 5.40
EF Scores
Global 24 33.80 12 32.43
Separate EF subcomponents 39 54.93 25 67.57
Both 8 11.27 -
Design
Longitudinal 36 50.70 25 67.57
Cross-sectional 28 39.44 7 18.92
Intervention 4 5.63 3 8.11
Experimental 3 4.22 2 5.40

Note. “Two of the teacher studies did not assess teacher behaviors but instead implemented an intervention to change teacher behaviors and tested
whether manipulation had an effect on EF performance of children.

tapping into different aspects of EF were aggregated (i.e., average scores, latent factor), it was interpreted as global EF scores. In cases
of using one task as a measure of global EF, we evaluated the task and decided based on the description whether it could serve as a
global EF measure or as a specific EF component. For example, we coded the Head-Toes-Knees-Shoulders task as an inhibitory control
task while the authors described it as a global EF assessment (e.g., Bindman et al., 2013). Even though we did not include the studies
assessing higher-order (e.g., planning) or emotional (e.g., emotional control) EF components, we included a few studies measuring
these abilities as part of global EF scores (e.g., Kok et al., 2013). See Appendix C for the list of EF tasks and questionnaires used in the
included articles in the current study.

Categorization of parental and teacher behaviors

Parent and teacher behaviors were grouped using the three dimensions based on Valcan et al.’s (2018) categorization: positive
behaviors, negative behaviors, and cognitive behaviors. The behavioral aspects were categorized according to the content and defi-
nition of the behavior mentioned in the respective article. Behaviors were categorized as positive behaviors if they included any positive
and emotional aspects. Positive parental behaviors include warmth (i.e., degree of parents’ demonstration of liking, appreciation,
praise, and care; Baker & Kuhn, 2017), sensitive and responsive behaviors (i.e, promptly and appropriately responding to a child’s
interests and needs; Graziano et al., 2010), emotional support (i.e., degree of parents’ global supportive behaviors including
responsiveness and positive affect; Swingler et al., 2018), attachment security (i.e., the degree of security in the relationship between
caregivers and children; Cassidy et al., 2017), parent—child synchrony (i.e., reciprocal and mutually guided behaviors of parents to-
wards their children; Clark & Woodward, 2014), positive parenting (i.e., having an open communication with the child when the child
has a problem; Roskam et al., 2014), and rewarding behaviors (i.e., rewarding the child in the case of exemplary behavior; Roskam
et al., 2014). Positive teacher behaviors were emotional support (i.e., degree of positive affect and sensitivity from teachers towards
children and positive climate in the classrooms; Neuenschwander et al., 2017), and closeness between teachers and children (i.e, the
affectionate and warm relationship between teacher and children; Hernandez et al., 2017).

Behaviors were categorized as negative behaviors if they encompassed any negative emotional and controlling aspects. Parental
negative behaviors included intrusiveness/controlling behaviors (i.e., parents’ efforts to control their children’s behaviors by means of
inconsistent and harsh discipline, or punishment; Meuwissen & Carlson, 2018), negative affect (i.e., the degree of parents’ negative
verbal or non-verbal emotions towards children, including criticism, frowning, irritability, or impatience; Cuevas et al., 2014),
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parental inconsistency (i.e., unstable attitudes of parents towards children in regard to disciplinary behaviors; Sosic-Vasic et al., 2017),
detachment (i.e, parents’ degree of not responding contingently to child’s emotional needs; Yu et al., 2020), protection (i.e., the degree
of parents’ concern and anxiety about their children; Kamza et al., 2016), and ignoring (i.e., ignoring children when they do something
that is not allowed; Roskam et al., 2014). Negative teacher behaviors were conflict (i.e., negative interactions between teachers and
students; Sabol & Pianta, 2012) and dependency (i.e., a clingy relationship between student and teacher and overreliance of the
student on the teacher; Ahnert et al., 2012).

Behaviors were grouped as cognitive behaviors if they refer to supporting behaviors to encourage children to engage in cognitively
stimulating activities. Cognitive parental behaviors included cognitive stimulation (i.e., parents’ efforts to create a learning envi-
ronment for children by means of activities and parental practices; Bradley & Caldwell, 1995), scaffolding (i.e., helping children during
problem solving tasks that they cannot perform independently by enhancing support after failure and withdrawing after success;
Matte-Gagné & Bernier, 2011; Lewis & Carpendale, 2009), language input (quantity and the quality of the language directed to
children; Eason & Ramani, 2016), autonomy support (i.e., encouraging children to take an active role tasks by offering choices, taking
children’s perspective, and providing explanations; Grolnick & Ryan, 1989; Matte-Gagné & Bernier, 2011; Pianta et al., 2008; Ryan &
Deci, 2006; Sosic-Vasic et al., 2015), attention-related behaviors (supporting and elaborating on a child’s attentional focus vs redi-
recting the child’s attention and establishment of joint attention between parents and children; Conway & Stifter, 2012; Gueron-Sela
et al., 2018), and parents’ EF-related activities (i.e., encouraging children to engage in EF-related activities such as playing a game
together that requires the child to stop, think, then act; Korucu et al., 2019). Teachers’ cognitive behaviors were instructional support
(i.e., teachers’ encouragement in learning and developmental activities, quality of feedback, and language modeling for children to use
and comprehend language; Pianta et al., 2008; Hamre & Pianta et al., 2013), classroom organization (i.e., the extent to which teachers
maximize the time spent in learning activities, facilitate activities and materials to increase children’s engagement, and manage the
behaviors of children by setting clear expectations and rules; Pianta et al., 2008), EF-related behaviors (i.e., teachers’ own EF-related
and scaffolding behaviors in the classroom; Bardack & Obradovic, 2019), autonomy support (i.e., teachers’ encouragement in voli-
tional functioning and fostering a sense of individuality in students; Sosic-Vasic et al., 2015), and language and literacy activities (i.e.,
teachers’ encouragement of students to engage in literacy activities; Weiland et al., 2013). See Appendix D for the list of parental and
teacher behaviors.

In total, 19 different parental and 9 teacher behaviors were found to be measured in the selection of articles for the review. Further,
a few studies in the teacher literature measured the global quality of teacher-child interactions instead of focusing on a specific
behavior. We describe those articles and their findings separately. The behaviors were grouped together when they were described by
different names but refer to the same construct. For example, in the article of Clark and Woodward (2014), supportive presence of
parents was defined as parents’ timely assistance and structuring behaviors during problem-solving activities and therefore grouped
together with scaffolding behaviors. How the behaviors were labeled by the original authors in the articles is listed in Tables 2 and 3.

Results

In the Results section, we will firstly describe the general characteristics of the articles found. Then, we present the theoretical
approaches that explain the link between parent/teacher behaviors and child EF. After that, we summarize the empirical findings for
the associations between positive, negative, and cognitive parent/teacher behaviors and child EF. Lastly, we present empirical findings
concerning under which conditions and for which populations parent and teacher behaviors optimally support EF development.

For the empirical findings, we interpreted the results of the reviewed studies as a significant association if (1) they reported a
statistically significant correlation, and/or (2) a significant predictor role of parent/teacher behaviors (via regression analyses) on
child EF. Further, we added the direction of the relationships (i.e., positive, negative) between parent/teacher behaviors and child EF
where we describe the empirical findings.

Study and sample characteristics

In most of the parenting (n = 71) and teacher articles (n = 37), children’s EFs in relation to parental and teacher behaviors was
assessed at preschool age (i.e., before or at age 6), while a smaller number of articles assessed these associations in elementary school or
in mixed age groups (see Table 4 for Study and Sample Characteristics).

In both the parenting and the teacher studies, behavioral tasks were more frequently used to assess EF than questionnaires and
observations. Parent and teacher behaviors were mostly assessed through observation (i.e., during free play/regular classroom time),
and less frequently through parental/teacher report, child-report or a combination of parent/teacher report and observation. While
some studies focused on only one parent or teacher behavior, other studies analyzed multiple behaviors falling under the same
dimension (i.e., several positive, negative, or cognitive behaviors).

For the EF scores, almost half of the parenting studies reported scores of separate EF subcomponents (i.e., one or more sub-
components of EF assessed with one or more tasks each), less studies reported global EF scores (i.e., aggregated or latent scores from at
least two EF tasks assessing different EF subcomponents), and a smaller number of studies reported both. Of the teacher studies, most
reported separate EF task scores while a lower number of studies reported global EF scores.

The majority of the studies in both the parenting and teaching literature examined the relationship between parent/teacher be-
haviors and child EF with a longitudinal design while a smaller number of studies used cross-sectional designs. Further, a small number
of studies implemented interventions or used experimental designs to examine the effect of manipulated parent and teacher behaviors
on child EF.
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Theoretical approaches and mechanisms explaining the relation of parental and teacher behaviors to child EF

An overarching theoretical approach in various studies that we reviewed (e.g., Baker & Kuhn, 2017; 2007) is the Bioecological
Model, which posits that proximal processes in children’s daily environment are critical for children’s cognitive development (Blair,
2002; Bronfenbrenner & Morris, 2006). This model assumes that children develop by interacting with their environment which is
composed of nested structures each contained within the next, and these structures are ordered from the most to least direct in-
teractions with children (Bronfenbrenner, 1977, 1995). The child is at the center of this model. The first level in this model is the
microsystem which includes contexts that children have direct contact with such as family and school. The proximal processes in the
microsystem include parent and teacher behaviors toward children such that the way parents and teachers interact with children
reinforces or adversely influences the development of cognitive abilities including EF (e.g., Baker & Kuhn, 2017; Hoffman et al., 2006;
McKinnon & Blair, 2018; Towe-Goodman et al., 2014). It is proposed that the relationships in the proximal processes are bidirectional:
parents and teachers can influence child development while child characteristics (e.g., personality, disorders) can also impact how
parents and teachers change their actions towards children. The second level is called the mesosystem which refers to the interactions
between microsystems such as parent-teacher interactions. The next level is called the exosystem which encompasses the contexts that
children do not directly interact with but that influence the microsystems such as facilities present in the neighborhood where family
lives or working conditions of teachers. The next level is the macrosystem referring to societal and cultural elements such as the wealth
of the country. The last level is called the chronosystem which refers to environmental changes throughout children’s lives such as
moving to a new city. The Bioecological Model functions as an umbrella theory in the sense that other theoretical approaches apply to
specific ecosystems that are part of the overarching model.

Attachment Theory

The Attachment Theory was discussed in both parent (e.g., Heylen et al., 2017; Merz et al., 2016; Schneider-Hassloff et al., 2016) and
teacher articles (e.g., Cadima et al., 2015; McKinnon & Blair, 2018; Vandenbroucke, Spilt, Verschueren, & Baeyens, 2017) to explain
how positive and negative parental and teacher behaviors play a role in the development of child EF (Bowlby, 1982). According to the
attachment perspective, parents’ sensitive and warm behaviors help children to develop secure attachment relationships and trust in
their parents’ availability when needed. Similarly, teachers can act as post hoc attachment figures to whom children can emotionally
connect at a later developmental stage (Commodari, 2013). When children receive emotional support and warmth from teachers, and
have a close relationship with their teachers, they establish secure attachment with their teachers (Pianta, 1999). The Attachment
perspective supports the idea that proximal processes in the microsystem where children have direct contact with parents and teachers
have crucial effects on child development. Secure attachment with parents and teachers makes children feel confident about exploring
their environments and engaging in challenging and stimulating activities, and, as a result, they may benefit more from parents’ and
teachers’ instructions (Bowlby, 1982; Landry, Smith, & Swank, 2006; Mills-Koonce et al., 2012; Sroufe, 1988; Verschueren & Koomen,
2012). Such positive experiences with parents and teachers provide key conditions for EF development both at a behavioral and neural
level (Bernier et al., 2012, 2015; Blair, 2002; Carlson, 2009). For example, Swingler et al. (2018) showed that maternal emotional
support predicted larger right hemisphere fronto-centrally distributed negative component (N2) responses in children. This greater
neural activity was related to better performance during inhibition tasks, suggesting that maternal emotional support is associated
with EF performance on both a neurocognitive and behavioral level.

Sociocultural Theory

Regarding the positive role of cognitive parental and teacher behaviors in EF development, the Sociocultural Theory has been
utilized as an explanation in both parenting (e.g., Baptista et al., 2016; Conway & Stifter, 2012) and teacher studies (e.g., Williford
et al., 2013). According to this theory, EF skills emerge and develop in the context of social interactions (Luria, 1961; Vygotsky, 1978)
in which more skilled experts (i.e., parents, teachers) guide and teach children how to use and rely on their cognitive and self-
regulatory skills (Stetsenko & Vianna, 2009). The pioneers of the Sociocultural Theory suggested that scaffolding is the key mecha-
nism by which skilled adults support and guide children during tasks requiring attention, memory, or language skills beyond the
children’s level (Hughes & Ensor, 2009; Wood & Wood, 1996; Wood et al., 1976). As children become more competent in the tasks,
adults can provide more autonomy to children by decreasing the level of support and letting children take more responsibility
(Vygotsky, 1934, 1986; Wertsch, 2008). By means of parents’ and teachers’ scaffolding and autonomy support, children internalize EF-
related strategies and learn to solve problems independently (Hughes, 2011; Landry et al., 2002). This argumentation supports the
view that quality of children’s interactions as proximal processes in the microsystem is vital for child development (Bronfenbrenner,
1977, 1995). Further, a few studies indicated that a candidate mechanism explaining the relation between parents’ cognitive behaviors
and EF development is children’s language ability. It has been repeatedly shown that parents’ scaffolding predicts child EF through
children’s verbal skills (Hammond et al., 2012; Landry et al., 2002; Lee et al., 2018; Obradovi¢ & Finch et al., 2019). It has been
suggested that parents’ scaffolding efforts promote the language abilities of children, specifically self-directed speech (Fernyhough &
Fradley, 2005). In turn, children’s self-directed speech has been theorized as a tool to regulate thoughts and behaviors which reinforces
the performance during EF tasks (Vallotton & Ayoub, 2011; Vygotsky, 1978).

Family stress model

The Family Stress Model is a theoretical approach which explains possible environmental and situational reasons for variation in
parental behaviors (Conger et al., 1984; Lengua, 2012; Repetti et al., 2002). This model posits that family risk factors such as low
socioeconomic status (SES) or mental health problems can lead to parental stress which affects parenting behaviors and subsequently
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exerts impact on social and cognitive development of children. Environmental factors such as family income can be situated at the
exosystem in the Bioecological Model while parents’ mental health problems can be placed at the microsystem. These factors at both
levels have effects on how parents interact with their children which in turn impacts the EF development of children. Reviewed studies
supported this view by showing that mothers with depressive symptoms displayed less warmth, stimulation, maternal child-reading,
and more intrusive behaviors towards their children; all these behaviors were associated with lower child EF (Baker & Kuhn, 2017;
Baker, 2018; Gueron-Sela et al., 2018). Moreover, many studies revealed that parents from lower SES families are less likely to
demonstrate scaffolding, cognitive stimulation, sensitivity, language input and more likely to show intrusive behaviors; these be-
haviors also influence the EF abilities of children (Daneri et al., 2018; Lengua et al., 2014; Suor et al., 2016; Yu et al., 2020). Similarly,
Gustafsson et al. (2015) showed that higher levels of intimate partner violence are associated with less sensitive parental behaviors,
which subsequently are related to lower EF performance of children. Although stressors in teachers’ work environments and daily lives
may also influence teacher behaviors, thereby affecting child EF development, no studies included in this review referred to such a
teacher stress model.

Intergenerational transmission model

While most theoretical models focus on how social interaction mechanisms explain the relationships between parental/teacher
behaviors and child EF, the Intergenerational Transmission account suggests that parents transfer abilities, traits and outcomes to their
children through both genetic and non-genetic processes (Bridgett et al., 2015; Deater-Deckard, 2014). In contrast to non-genetic
processes, genetic make-up is not situated within a specific ecological system but can be placed at the (central) child level in the
Bioecological model. Regarding genetic transmission, the extensive literature on the genetics of EF revealed that the heritability is
moderate to high (ranging from 60 to 90 %) while environmental variance is modest to moderate (ranging from 10 to 40 %; Bridgett
et al., 2015; Miyake & Friedman, 2012). So, genetic transmission can only partially explain the link between parental and child EF.
Non-genetic socialization processes, taking place in the microsystem, such as how parents behave towards their children, also function
as a mediator between parental EF and child EF. For example, parents with lower EF scores have been shown to display less sensitivity
and more negative caregiving behaviors during their interaction with children (Deater-Deckard et al., 2012; Gonzalez et al., 2012).
Further, some studies showed that parental EF impacts child EF through parental behaviors. For example, Distefano et al. (2018)
showed that parents with higher EF skills showed more autonomy support behaviors, and this was related to better child EF skills.
Similarly, Zeytinoglu, Calkins, Swingler, and Leerkes (2017) demonstrated that maternal effortful control is indirectly and positively
related to child EF through maternal emotional support. Lastly, Cuevas et al. (2014) found that maternal EF predicted the change in
child EF from 36- to 48-months via negative aspects of parenting (i.e., negative affect, intrusiveness).

Teaching through interactions

The Teaching Through Interactions framework, proposed by Hamre and Pianta (2007) is focused on a specific daily environment,
namely the school context. This framework suggests that the quality of daily interactions between teachers and students influences the
learning and sociocognitive development of children. Teacher-child interactions, including the factors that impact on them and how
they are valued, can be situated in many levels of the Bioecological Model. Interactions between teachers and students themselves are
part of the microsystem. Interactions between teachers and other agents such as parents can be situated in the mesosystem and the
quality of these interactions may have an impact on child development. Interactions may be impacted by working conditions of the
teachers which can be considered as part of the exosystem. Finally, the macrosystem may play a role because teacher-child interactions
may be valued differently across societies.

Empirical findings on the relation between parent and teacher behaviors and children’s EF

Positive parental and teacher behaviors and EF

In total, 44 studies examined the relationship between 7 different positive parental behaviors and children’s EF. The majority of the
studies examined the association between parental warmth and children’s EF (n = 23). Most of these studies (n = 15) reported that
higher degrees of warmth were associated with higher child EF scores (e.g., Baker & Kuhn, 2017; Mathis & Bierman, 2015), although
some studies reported no relationship (n = 7; e.g., Ekerim & Selcuk, 2017; St George et al., 2016), and one study reported a negative
relationship (Vandenbroucke, Spilt, Verschueren, & Baeyens, 2017). The link between parental sensitive and responsive behaviors and
children’s EF has also been studied frequently (n = 22; e.g., Graziano et al., 2010, Lengua et al., 2014). Most of these studies (n = 15)
found a positive relationship between parents’ sensitive and responsive behaviors and children’s EF abilities (e.g., Holochwost et al.,
2016; Lucassen et al., 2015; Suor et al., 2016) while a small number of studies did not observe a significant relationship with EF (n = 7;
Garthner et al., 2018; Giindiiz et al., 2015; Halse et al., 2019; Korucu et al., 2019). Three studies examined the relation of parents’
emotional support with child EF, and all studies found a positive significant association (Bosquet Enlow et al., 2019; Swingler et al.,
2018; Zeytinoglu, Calkins, Swingler, & Leerkes, 2017). All three studies that investigated the association between attachment security to
the parents and child EF found a positive relationship (Cassidy et al., 2017; Heylen et al., 2017; Low & Webster, 2015). Two out of 3
studies examining the link between parent—child synchrony and child EF found a positive relationship (Clark & Woodward, 2014; Suor
et al., 2019) while one study did not observe a significant relationship (2007). One study found a positive relation between positive
parenting and child EF while the same study did not report a significant association between parents’ rewarding behaviors and child EF
(Roskam et al., 2014).

Twenty-seven articles investigated the role of 2 different positive teacher behaviors in EF development. Sixteen studies examined
the relation between teachers’ emotional support at the classroom level and child EF. Although 9 of these studies found that a higher
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degree of emotional support is related to higher child EF (e.g., Neuenschwander et al., 2017; White et al., 2019), 6 studies did not
observe a significant association (e.g., Hu et al., 2017; Leyva et al., 2015). The relation of closeness between teachers and children and
child EF has been examined by 12 studies; 7 studies reported a positive relationship (e.g., Hernandez et al., 2017; McKinnon & Blair,
2018) while 5 did not observe any relationship (e.g., Cadima et al., 2015; Swanson et al., 2015).

To summarize, out of 56 analyses conducted in 44 studies which examined positive parental behaviors, 39 (69.64 %) cases showed
a significant positive association with child EF. Twenty-six (78.79 %) of 33 longitudinal analyses revealed a positive relationship
between positive parental behaviors and child EF, while 11 (55 %) of 20 cross-sectional analyses showed a significant positive effect.
One intervention study found a significant positive association while 2 experimental studies did not find an effect of positive parental
behaviors on child EF.

In the teacher literature, out of 27 analyses conducted in 27 studies which examined positive teacher behaviors, 15 (55.55 %) cases
found a significant positive association between those behaviors and child EF. Out of 21 longitudinal analyses, 16 (76.19 %) found a
positive relation between positive teacher behaviors and child EF while all of the 4 cross-sectional and 2 experimental studies did not
find an effect.

Even though most studies found that positive parental and teacher behaviors were associated with better child EF outcomes, some
studies did not observe such a relationship. These inconsistent findings might be due to methodological differences between studies:
one possible reason is shared between parent and teacher studies, one is specific to parent studies, and one is specific to teacher studies.
First, the studies which reported no relationship between positive parental (Ekerim & Selcuk, 2017; Gartner et al., 2018; Giindiiz et al.,
2015; Kamza et al., 2016) and teacher behaviors (Goble & Pianta, 2017; Leyva et al., 2015; Schmitt et al., 2019) and child EF mostly
examined inhibitory control as a separate EF component rather than global EF scores or other components. Second, studies which
reported no relationship between positive parental behaviors and child EF predominantly assessed parental behaviors via self-reports
(e.g., Giindiiz et al., 2015; Roskam et al., 2014; Sosic-Vasic et al., 2017) and one study that reported a negative association between
parents’ emotional support and child EF used child-report as an assessment method of parental behaviors (Vandenbroucke, Spilt,
Verschueren, & Baeyens, 2017), rather than observation. Third, the age of the children may be another reason for the inconsistent
results in the teacher studies. Particularly, closeness between teachers and children has been found to be a positive predictor of EF in
children younger than 6 (e.g., Hernandez et al., 2017; 2020), but not in most of the studies that assessed child EF in children older than
6 (e.g., Swanson et al., 2015; Vandenbroucke et al., 2018).

Negative parental and teacher behaviors and EF

Forty-two studies investigated the association between 6 negative parental behaviors and children’s EF. Thirty-seven studies
assessed the effect of parents’ intrusiveness/controlling behaviors. While the majority of studies (n = 25) found adverse effects of
parents’ controlling behaviors on children’s EF development (e.g., Gueron-Sela et al., 2018; Meuwissen & Carlson, 2018; Xing et al.,
2016), fewer studies (n = 12) did not observe a significant relationship, and one study observed a positive association (2016).
Regarding negative affect, out of 9 studies, 7 studies found that parents’ negative affect was adversely related to child EF (e.g., Cuevas
et al., 2014; Swingler et al., 2018; Zeytinoglu, Calkins, Swingler, & Leerkes, 2017; Zeytinoglu, Calkins, & Leerkes, 2018), while 2
studies did not observe such a relationship (St George et al., 2016; Yu et al., 2020). Three studies examined the role of parental
inconsistency on child EF; while one study found a negative effect (Sosic-Vasic et al., 2017), 2 studies did not observe a significant
relationship (Kamza et al., 2016; Roskam et al., 2014). Out of the 2 studies investigating the role of detachment, one found a negative
relation with child EF (Yu et al., 2020) while the other study did not find any relationship (St George et al., 2016). One study
investigating parental protection found that more concerned and anxious behaviors by the parents were related to higher child EF
(Kamza et al., 2016). One study examining the relationship between ignoring and child EF did not reveal a significant relationship
(Roskam et al., 2014).

Two types of negative teacher behaviors were examined in thirteen studies. Conflict is the most studied construct (n = 13; e.g.,
2012), and the majority of studies (n = 11) revealed a negative association between conflict and children’s EF development (e.g., Goble
etal., 2019; McKinnon et al., 2018; Sandilos et al., 2019) while 2 studies did not find a significant relationship (Vandenbroucke, Spilt,
Verschueren, & Baeyens, 2018; Vandenbroucke et al., 2018). One study examined dependency, and found that it was negatively related
to child EF (Vandenbroucke et al., 2018).

To summarize, in 52 analyses conducted in 42 studies in which parental negative behaviors were examined, the majority of cases (n
= 34, 65.38 %) found a significant negative association with child EF. Out of 24 longitudinal analyses, 20 (83.33) found a significant
negative link between parents’ negative behaviors and child EF while 12 (50 %) of 24 cross-sectional studies found an effect. One
(33.33 %) of the 3 experimental studies found a significant negative association and one intervention study did not find an effect.

In 14 analyses in 13 studies in which teachers’ negative behaviors were examined, the majority (n = 12, 85.71 %) found a sig-
nificant negative association with child EF. Most of the longitudinal analyses (n = 10, 90.91 %) in 11 studies revealed a significant
negative relationship between teachers’ negative behaviors and child EF. One cross-sectional study and one (50 %) of 2 experimental
studies found a significant negative impact of teachers’ negative behaviors on child EF.

Findings with respect to the association between negative parental and teacher behaviors and child EF are thus inconsistent. Even
though there was no clear pattern of differences among studies finding significant and non-significant relationships between teachers’
negative behaviors and child EF, inconsistencies between findings in the parent field might be related to the method of assessment and
age of the children. Studies which assessed parental behaviors through self-reports (e.g., Giindiiz et al., 2015; Roskam et al., 2014;
Sosic-Vasic et al., 2017) revealed more inconsistent results compared to studies using observational methods. Further, negative re-
lations between child EF and negative parental behaviors, especially controlling and negative affective behaviors, are more pro-
nounced for younger children (Holochwost et al., 2018; Rolan et al., 2018) compared to older ones (Sosic-Vasic et al., 2017; Spruijt,
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Dekker, Ziermans, & Swaab, 2019).

Cognitive parental and teacher behaviors and EF

In total, 43 studies examined the role of 6 different parental cognitive supportive behaviors in children’s EF development. The
majority of the studies examined parents’ scaffolding (n = 15). The positive role of parents’ scaffolding behaviors has been demon-
strated by 11 studies (e.g., Hammond et al., 2012; Hughes & Devine, 2017; Lengua et al., 2014) while 4 studies did not show a sig-
nificant relation (e.g., Clark & Woodward, 2014; Lowe et al., 2014). Cognitive stimulation has also been studied frequently. While 9 out
of 14 studies found that parents’ cognitive stimulation played a positive role in child EF development (e.g., Berkes et al., 2019;
Obradovi¢, Yousafzai, Finch, & Rasheed, 2016; Obradovi¢ & Finch et al., 2019; Yu et al., 2020), 3 studies did not observe a significant
association (e.g., Hughes & Devine, 2017;; St George et al., 2016), and two studies observed a negative relationship (Korucu et al.,
2019; Zeytinoglu, Calkins, & Leerkes, 2018). With regard to parents’ language input (n = 10), both higher quantity (Daneri et al., 2018)
and more qualitative content (mental state talk, using elaborative language compared to directive language; e.g., Baptista et al., 2018;
Bibok et al., 2009; Bindman et al., 2013; Weisleder et al., 2018) have been shown to be positively related to child EF performance in 7
studies, although 3 studies did not find a significant association (e.g., Eason & Ramani, 2016; Hughes & Devine, 2017). The findings
regarding the association between autonomy support of the parents (n = 9) and child EF were inconsistent: while 3 studies found a
positive effect (e.g., Cipriano-Essel et al., 2013; Meuwissen & Carlson, 2018), 5 studies found no significant effects (e.g., Roskam et al.,
2014; Schroeder & Kelley, 2010), and one study found a negative effect (Kamza et al., 2016). Two studies showed that parents’
attention-related behaviors were positively associated with child EF (Conway & Stifter, 2012; Gueron-Sela et al., 2018). Lastly, one study
investigated the role of parents’ EF-related behaviors and found a positive relation with children’s EF development (Korucu et al., 2019).

Twenty studies examined the relationship between 5 different cognitive supportive behaviors by teachers and child EF. Teachers’
instructional support has been studied repeatedly in relation to child EF development (n = 16). Findings revealed contradictory results:
while 7 studies found a positive association between instructional support and child EF (e.g., Goble et al., 2019; Hatfield et al., 2016), 8
studies did not observe a significant association (e.g., Choi et al., 2016; Hu et al., 2017; Neuenschwander et al, 2017), and one study
found a negative relation (Rimm-Kaufman et al., 2009). The role of teachers’ classroom organization in child EF has been studied by 15
studies. Eleven articles reported a positive relationship between classroom organization and child EF (e.g., Goble et al., 2019; Hu et al.,
2020; Rimm-Kaufman et al., 2009) while 4 articles did not observe such a relationship (e.g., Goble & Pianta, 2017; Langeloo et al.,
2019). EF-related behaviors of teachers have been investigated by 2 studies which revealed a positive association with children’s EF
performance (Bardack & Obradovi¢, 2019; Dias & Seabra, 2017). Teachers’ autonomy support has also been examined by one study
which found a significant positive relationship with child EF (Sosic-Vasic et al., 2015). Lastly, one study found a positive association
between teachers’ language input and child EF (Weiland et al., 2013).

To summarize, out of 51 analyses in 43 studies in which cognitive parental behaviors were investigated, most cases (n = 33, 64.70
%) found a significant positive association with child EF. Seventeen (68 %) of the longitudinal analysis in 25 studies and 12 (60 %) of
the 20 cross-sectional analyses found a significant positive impact of parents’ cognitive behaviors on child EF. While one experimental
study did not find an effect, all 5 studies that implemented an intervention found a significant positive effect of parents’ cognitive
behaviors on child EF.

Similarly, in 35 analyses in 21 studies in which cognitive teacher behaviors have been investigated, most (n = 22, 62.86 %) found a
significant positive association with child EF. Fifteen (62.5 %) of 24 longitudinal analyses, 5 (62.5 %) of 8 cross-sectional analyses, and
all of 3 intervention studies displayed significant associations between teachers’ cognitive behaviors and child EF.

Comparisons of the studies suggest that inconsistent findings could be related to scoring of EF in both fields, assessment methods of
parental behaviors, and how EF was measured in the teacher field. First, studies using global EF scores more consistently revealed a
positive association between cognitive parental behaviors (e.g., Gueron-Sela et al., 2018; Meuwissen & Carlson, 2018; Obradovic,
Yousafzai, Finch, & Rasheed, 2016) and teacher behaviors (e.g., Fuhs et al., 2013; Neuenschwander et al. (2017), ; White et al., 2019)
and child EF, while findings from studies using separate EF components (i.e., inhibitory control, working memory, cognitive flexibility)
appear to be more inconsistent in parent (e.g., Ekerim & Selcuk, 2017; Lowe et al., 2014; Meuwissen & Carlson, 2015) and teacher
studies (e.g., Leyva et al., 2015; Pianta et al., 2020). With regard to the assessment method of parental behaviors, studies which used
observational methods report significant positive relationships with EF scores (e.g., Bindman et al., 2013; Merz et al., 2017; Suor et al.,
2019), while studies using self-report predominantly found null results (e.g., Baker, 2018; Hughes & Devine, 2017; Schroeder & Kelley,
2010). Lastly, one study which reported a negative association between teachers’ instructional support and child EF obtained child EF
scores via teacher report which is different from the rest of the studies (Rimm-Kaufman et al., 2009).

Global teacher-child interaction quality and EF

Six studies combined several aspects of teacher behaviors (e.g., taking the average of teachers’ emotional support, classroom or-
ganization, and instructional support behaviors or closeness and conflict between teachers and children) and created overarching
teacher-child interaction quality scores (e.g., Blair et al., 2016; Cadima et al., 2016). Out of these studies, 5 found a positive role of
teacher-child interaction quality in child EF (e.g., Goble et al., 2019; Hamre et al., 2014) while one study did not observe such an
association (Nguyen et al., 2020). Among these studies, 4 (80 %) out of 5 longitudinal analyses and one cross-sectional study found a
positive effect of global teacher-child quality on child EF.

Variables moderating the relationship between parent and teacher behaviors and children’s EF
Apart from the relationships between parental/teacher behaviors and child EF, studies also revealed some moderator variables,
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addressing under which circumstances and for which populations these behaviors exert their effects on child EF. Various studies
demonstrated that the nature of the relationship between parental/teacher behaviors and child EF depends on characteristics of
parents, teachers and classrooms, and children. As an example of parental characteristics, Cassidy et al. (2017) showed that an
intervention which targets improving the attachment quality between caregivers and children, showed positive effects on children’
inhibitory control performance only when caregivers had lower maternal attachment anxiety prior to administering the intervention
(i.e., individuals’ fear of interpersonal rejection and abandonment).

In addition, the effect of teacher behaviors on child EF is moderated by teacher and classroom characteristics. For example, an
increase in emotional support was related to an increase in inhibitory control abilities of preschoolers, but these gains were smaller
when teachers started at a lower level of emotional support at the beginning of the year (Goble et al., 2019). Further, Ansari and Pianta,
2018 showed that the relationship between teachers’ instructional support and child EF is stronger for 4-year-olds in less age-diverse
classrooms (i.e., high proportion of 4-year-olds to other age groups) compared to classrooms with more age diversity.

Some studies found that the effect of adults’ behaviors on child EF depends on children’s characteristics. For example, the effect of
parents’ autonomy support, attention maintaining behaviors, and scaffolding on EF are stronger for temperamentally negative chil-
dren (i.e., being easily frustrated), inhibited and exuberant children, and children high on surgency (i.e., the degree to which children
display impulsivity, pleasure, and approach) respectively (Cipriano-Essel et al., 2013; Conway & Stifter, 2012; Suor et al., 2019).
Another study found that the effect of teacher-child closeness on child EF was moderated by children’s externalizing behavior
problems such that higher teacher-child closeness was related to lower EF gains only for children with externalizing behavior problems
(Goble et al., 2019). An experimental study by Vandenbroucke, Spilt, Verschueren, and Baeyens (2018) showed that students who
received a manipulated supportive message from teachers and who perceived themselves as socially less accepted performed less well
on a working memory task after they were socially excluded in the experimental manipulation. Furthermore, it has been shown that
the effect of teachers’ classroom organization and emotional support on inhibitory control is stronger for children who have lower
inhibitory control scores in the beginning of the school year (Choi et al., 2016) and in high-quality classrooms (i.e., classrooms with
high scores on instructional support; Weiland et al., 2013). Taken together, findings point out that, for some parent/teacher behaviors,
children in more optimal conditions benefit more from the adult behaviors while for some parent/teacher behaviors children in less
optimal conditions benefit more.

Discussion

In this study we reviewed research on the relationship between parental behaviors and child EF development as well as teacher
behaviors and child EF development. We aimed to compare and combine explanations and findings from these two bodies of literature
focusing on the period from toddlerhood to middle childhood. Our review shows that studies investigating the role of parent and
teacher behaviors used both similar and different theoretical frameworks to explain the link between parent/teacher behaviors and
child EF. While some theories explain the impact of both parent and teacher behaviors, other theories focus on mechanisms specific to
parents or teachers. To review empirical findings, we divided parental and teacher behaviors into positive, negative, and cognitive
behaviors. Parental behaviors were investigated much more frequently and with attention to more diverse and specific behavioral
dimensions compared to teacher behaviors. In general, parents’ and teachers’ positive and cognitive behaviors have a positive as-
sociation with child EF while negative parent and teacher behaviors have negative relationships with child EF. These findings will be
discussed in more detail below.

Theoretical approaches and underlying mechanisms

An overarching theory and two specific theories mentioned in both parent and teacher literature are respectively the Bioecological
Model (Bronfenbrenner & Morris, 2006), the Attachment Theory (Bowlby, 1982), and the Sociocultural Theory (Vygotsky, 1978). Two
theoretical approaches that have been used only in the parent literature are the Family Stress Model (Repetti et al., 2002) and the
Intergenerational Transmission Account (Bridgett et al., 2015; Deater-Deckard, 2014). One theoretical framework mentioned only in
the field of education is Teaching Through Interactions (Hamre & Pianta, 2007). Three of these theoretical approaches suggest
mechanisms for parent—child interactions and child EF and these suggestions can be informative for the teacher literature.

First, the Family Stress Model focuses on parents, but teacher stress may impact child EF development as well. Previous research
demonstrated that better wage conditions and professional well-being of teachers are correlated with more sensitive, nurturing and
less punitive behaviors of teachers (Ghazvini & Mullis, 2002). Moreover, Cassidy et al. (2016) showed that teachers’ autonomy in the
workplace and perception of fairness in their salary were associated with classroom emotional support, and teachers’ wage was related
to toddlers’ positive emotional expressions and behaviors in the classroom. To our knowledge, only one study investigated the relation
between a stressful school environment or workload and teacher behaviors in the context of child EF. Neuenschwander et al. (2017)
found that teachers’ work-related stress is negatively associated with their emotional support and classroom organization levels, and a
marginally significant relationship between teachers’ stress and child EF was found. However, they did not find that classroom quality
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mediated the relationship between teacher stress and child EF. The authors suggested that the global classroom quality measures they
used may not have captured the effect and that adopting measures of dyadic level child-level teacher behaviors may be more
appropriate.

Second, in the framework of Sociocultural Theory, one candidate mechanism offered for explaining the relation of parents’
cognitive support to child EF is children’s verbal ability (Hammond et al., 2012; Landry et al., 2002; Lee et al., 2018; Obradovi¢ &
Finch et al., 2019). It could be that while parents use strategies to support the cognitive abilities of their children, they can enhance
language abilities simultaneously (e.g., Landry et al., 2002). An extended body of research illustrated that children’s lexical (e.g., Blom
& Boerma, 2019; Vugs et al., 2015), syntactic (e.g., Kaushanskaya et al., 2017), and private speech abilities (e.g., Alarcon-Rubio et al.,
2014; Aro et al., 2014; Winsler et al., 1999) are positively correlated with their EF performance. It has been theorized that children can
use verbal skills as a means while they are regulating their behaviors and thoughts which in turn reinforces their performance in EF
tasks (Vallotton & Ayoub, 2011; Vygotsky, 1978). It is relevant to note here that children rely on private speech more strongly at
younger ages, i.e., preschool age, compared to older ages, i.e., after enrolment into primary school (Winsler et al., 2000). In the teacher
literature, relatively fewer studies have examined the relationship between teacher behaviors, language, and EF development. Cadima
et al. (2019) demonstrated the positive role of teacher-child closeness in vocabulary development of preschoolers. Moreover, Krafft
and Berk (1998) found that type of classroom activities (i.e., make-believe play) and less involvement of teachers during play are
related to children’s private speech. However, to the best of our knowledge, there is no research examining child language abilities or
private speech as mediators in the association between teachers’ cognitive support and child EF.

Third, the Intergenerational Transmission Model emphasizes the role of parent behaviors in the link between parental and child EF
(Bridgett et al., 2015; Deater-Deckard, 2014). Considering the possibility that teachers’ own EF abilities may influence their behaviors
towards students, teacher EF may be related to child EF as well. Teachers who have difficulty in regulating their own attention,
thoughts, and behaviors may provide less appropriate modeling, which in turn may influence students’ EF development. Empirical
evidence for this kind of relationship would also support the hypothesis that EF of significant adults is associated with child EF not only
through genetic transmission but also through adult behaviors. Some recent studies in the field of education supported the view that
teachers’ EFs and EF-related behaviors in the classrooms predict EF development (Bardack & Obradovic, 2019; Dias & Seabra, 2017).
To our knowledge, there are currently no studies examining whether teacher behaviors explain the association between teachers’ EF
and child EF. In addition, parental genetic and socialization factors may operate on child EF through the school selection process. One
study has shown that parents with higher EF have higher income and education (Kao et al., 2018). These parents are more likely to live
in higher SES neighborhoods and have easy access to higher quality schools/classrooms which may result in better child outcomes
including EFs. Indeed, one study showed that children with more disadvantaged backgrounds (e.g., migrant children with low parental
education) are more likely to attend low quality schools (Stahl et al., 2018). Another study also revealed that living in a high SES
neighborhood is associated with high quality of teachers’ instructional support which is in turn related to EF outcomes of children (Wei
et al., 2021). Therefore, it should be noted that the transmission from parental EF to child EF can also partially be achieved through
school selection and thus teacher-child interaction quality.

All theories in both fields suggest that social interactions between parents, teachers and children are influential in the process of EF
development. As Morris et al. (2007) suggested in their review, there are at least three possible socialization processes explaining how
children gain regulation skills from adults. First, children observe behaviors of people around them to learn new skills, including EFs in
everyday contexts (Bandura, 1977; Moriguchi, 2014; Vygotsky, 1978). Children observe how parents and teachers act in certain
situations and what kind of strategies they use during tasks that require EF skills, such as verbally repeating a phone number to keep it
in mind. They imitate these strategies when they encounter a similar situation and thus, gain EF skills via parents’ and teachers’
modeling. Second, parents’ and teachers’ practices specifically related to improvements in child EF skills may be helpful (Vygotsky,
1978). When parents and teachers scaffold EF abilities of children by teaching them strategies (e.g., encouraging children to wait for
their turn in turn-taking tasks), children may learn to demonstrate these skills in everyday contexts and during EF tasks. Third, co-
regulation between significant adults and children is thought to be related to self-regulation abilities of children (e.g., Bernier
et al., 2015; Bridgett et al., 2015; Eisenberg et al., 1998). Parents and teachers with stronger EF abilities are probably able to regulate
their own behaviors and emotions more, and provide co-regulation through goal-oriented behaviors and expressed affect. A calm and
regulated response by a parent or teacher activates a similar response in a child and the level of arousal is matched to the parent.
Through repeated co-regulation a child internalizes self-regulation strategies.

Empirical findings

Similar facets of parental and teacher behaviors have been studied in relation to EF development and the studied behaviors in both
fields tap into positive, negative, and cognitive aspects. Findings in both fields suggest that positive and cognitive parent/teacher
behaviors are positively associated with EF development while negative behaviors adversely related to EF development. The finding
that teacher behaviors show similar associations with child EF as parent behaviors, suggests that parenting behaviors are not just
merely genetically linked to child EF, but that social constructive mechanisms are also at play, which is in line with the Intergener-
ational Transmission Account (Bridgett et al., 2015; Deater-Deckard, 2014). The two fields differed in that parental behaviors were
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examined with more nuanced terms regarding emotional (e.g., sensitivity, attachment security), negative (e.g., controlling, negative
affect), and cognitive (e.g., scaffolding, attention-related behaviors) aspects while teacher behaviors were studied with more global
terms such as teacher-child interaction quality, emotional support, or instructional support. One possible reason for this difference is
that teacher behaviors are mostly assessed at the classroom level while parental behaviors are assessed at the dyadic level.

A larger portion of the studies revealed a significant relation of positive parental behaviors with child EF compared to teacher
behaviors, while the proportion is similar in terms of cognitive parental and teacher behaviors. Yet, with negative behaviors a larger
portion of the studies demonstrated a negative relationship between teacher behaviors and child EF than parents’ negative behaviors.
One potential reason as to why positive parental behaviors were found to be significantly related to child EF in more studies could be
that children are more consistently exposed to parental behaviors (i.e., starting from birth), while exposure to teacher behaviors is less
stable and continuous (i.e., children start schooling after certain ages, children engage with different teachers throughout school
years). However, this cannot explain why negative teacher behaviors show a reverse pattern. Another explanation may be related to
the dyadic- versus classroom-level at which behaviors occur or are assessed. That is, while parental behaviors were assessed at the
dyadic level (one-to-one parent—child interaction), teacher behaviors were mostly examined at the classroom level which makes it
more difficult to link teacher behaviors to each child’s EF performance. Moreover, there is less one-to-one interaction between teachers
and individual students compared to parent-child interactions. Negative teacher behaviors were relatively often significantly related
to child EF. In contrast to other aspects of teacher behaviors, negative teacher behaviors (i.e., teacher-child conflict and dependency)
have been studied more often at the dyadic level, similarly to parental behaviors. This pattern of results aligns with the findings of
Vandenbroucke et al. (2018) meta-analysis which revealed that teacher-child interactions examined at the dyadic level show stronger
effects on child EF compared to classroom level assessments.

Regarding the design of the studies, in both the parent and teacher literature, longitudinal studies revealed significant effects of
parent and teacher behaviors on child EF in the expected direction more frequently than cross-sectional studies. Further, intervention
studies in both fields found significant positive effects of implemented positive and cognitive parent and teacher behaviors on child EF
development while in experimental designs, most of the studies did not find an effect of the manipulated parent and teacher behaviors.
This pattern of findings suggests that the quality of adult-child interactions impacts EF development in the long term rather than in the
short term.

Although the empirical findings reviewed in our study suggest that parent and teacher behaviors influence child EF, it is important
to realize that most of the included studies used correlational designs which limits conclusions about causality. Conceptually, reversed
relationships are plausible as children with better EF skills may trigger different parent and teacher behaviors than children who have
less well developed EF. Previous studies showed that children’s high level of self-regulation abilities predicted positive change in
parental responsiveness (Merz et al., 2017). Relatedly, de Ruiter et al. (2020) demonstrated that teachers reacted with more negative
emotions to children that they perceived as more disruptive in past events compared to students perceived as less disruptive. A few
studies also showed that children’s behavioral problems predicted teachers’ job-related stress and teachers’ higher EF was associated
with lower stress (Friedman-Krauss et al., 2013, 2014). Bidirectional relationships could lead to a cascading effect in children with low
EF who display more disruptive behaviors, and in turn trigger more negative behaviors in parents and teachers.

Methodological explanations for inconsistent results

Even though most of the studies revealed a positive relation between parents’ and teachers’ positive and cognitive behaviors and
child EF, and pointed to an adverse role of negative behaviors, some studies did not reveal any significant relationship. Possible reasons
for inconsistent results could be methodological differences in measurement instruments and data analysis, some of which are shared
across parenting and teacher study findings (i.e., use of global vs separate EF scores and child age) while others are specific to the
parenting field (i.e., assessment method of parental behaviors). First, the result that global EF scores more frequently revealed a
significant relation between parent/teacher behaviors and child EF compared to separate task scores aligns with the finding that, in
early childhood, a unitary latent EF factor represents EF performance of children more reliably than separate task scores (Hughes et al.,
2009; Wiebe et al., 2011; Willoughby & Blair, 2011). These findings can be explained by the fact that in young children, there tends to
be a relatively high amount of measurement error for separate EF tasks because assessment may be more prone to noise due to external
factors such as hunger or fatigue. With global latent scores the influence of measurement error drops. Despite the advantages of global
EF scores, most of the studies in the two bodies of literature utilized separate EF scores. Secondly, more frequent observation of
significant relations between parent/teacher behaviors and child EF at younger ages, compared to older ones, supports the hypothesis
that young children rely on co-regulation with adults (i.e., parents’ and teachers’ external help for children to modify children’s
behaviors, thoughts, and emotions according to the requirements of the specific context) before they learn self-regulation (Blair &
Ursache, 2011; Erdmann & Hertel, 2019; Kurki et al., 2016; Pauen, 2016). Third, patterns of findings in the parenting field showed that
when parental behaviors were assessed through observational methods, they displayed significant relations with child EF to a greater
extent compared to studies using self- or child-reports. Previous research suggest no (Herbers et al., 2017) or low (Hendriks et al.,
2018) correlation between observed and self-reported parental behaviors which may stem from parents’ tendencies to present their
child-rearing practices in a socially desirable way (Bogels & van Melick, 2004; Schwarz et al., 1985; Waylen et al., 2008). Further,
while self-reports rely on parents’ own frame of reference for their behaviors, observational methods use the same frame of reference
for all parents, possibly making observations a more reliable method to measure differences between parents and to investigate the
relationship between parental behaviors and child EF.
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Moderator variables

Empirical findings of the studies included in this review also demonstrated that the effect of parents and teachers’ behaviors on
child EF depends on individual difference factors. Some parent characteristics such as mothers’ attachment anxiety moderate the
relationship between parent—child interactions and EF development (Cassidy et al., 2017). Likewise, the effect of teacher behaviors
depends on classroom and child characteristics. The role of emotional and cognitive support of teachers on child EF seems to vary
based on age diversity and general quality of the classrooms (i.e., high level of instructional support of the teachers), support level of
teachers in the beginning of the school year as well as children’s externalizing behaviors, initial EF levels, and perception of social
acceptance from peers (Choi et al., 2016; Goble et al., 2019; Goble et al., 2019; Vandenbroucke, Spilt, Verschueren, & Baeyens, 2018;
Weiland et al., 2013). Regarding child characteristics, studies showed that temperamentally more difficult children benefit more from
positive parental behaviors (Cipriano-Essel et al., 2013; Conway & Stifter, 2012; Suor et al., 2019). The findings with respect to child
temperament can be discussed within the framework of the Differential Susceptibility Model (Belsky & Bakermans-Kranenburg, 2007).
According to this model, temperamentally difficult children are more sensitive to quality of parenting; when they receive high quality
parental support, they show greater increases in their socio-cognitive abilities related to EF compared to less temperamentally negative
children and vice versa (e.g., Cipriano-Essel et al., 2013).

It should be noted that, in some studies, children in more optimal conditions (e.g., high perceived social acceptance, receiving high
levels of emotional support in the beginning of the school year, displaying less externalizing behaviors; Goble et al., 2019; Goble et al.,
2019; Vandenbroucke, Spilt, Verschueren, & Baeyens, 2018) benefited more from supportive parental and teacher behaviors while, in
other studies, children in less optimal conditions (e.g., difficult temperament, low EF scores in the beginning of the school year; Choi
et al., 2016; Cipriano-Essel et al., 2013; Suor et al., 2019) benefited more from these supportive behaviors. It could be that children
who display more desired behaviors (e.g., less externalizing behaviors) may engage in more high quality interactions with their parents
and teachers. On the other hand, children who need more support from significant adults based on their characteristics (i.e., low EF,
difficult temperament) have more room to grow in terms of EF skills. These patterns of findings also suggest that when environmental
conditions of children are more optimal (i.e., lower maternal attachment anxiety, attending classrooms with high emotional and
instructional support), they benefit more from the positive parent and teacher behaviors. In the case of child characteristics, less
optimal factors (i.e., having a difficult temperament, low EF scores at the beginning of the school year) are associated with children’s
higher levels of benefits from parent and teacher behaviors to improve their EF abilities. It could be that characteristics of optimal
environments may accumulate such that children’s EF abilities benefit most when, for example, parents have lower attachment anxiety
and also display high levels of positive parenting. For children with difficult temperament or lower EF abilities, positive parenting and
teacher behaviors may play a larger compensatory role. Even though the interaction between child characteristics and parent/teacher
behaviors are not explored enough before, some studies demonstrated that children with difficult temperaments and low self-
regulation abilities show greater improvements in their self-regulatory behaviors when they receive positive parental (i.e., guided
learning; Suor et al., 2019) and teacher behaviors (i.e., emotional and behavioral support; Broekhuizen et al., 2015).

Directions for future research

Even though the above-mentioned theoretical models suggest why and through which mechanisms parent and teacher behaviors
may be linked to child EF, it would be an improvement in the field if we test and compare their premises via an empirical approach. A
recently developed methodology called micro-randomized trials (Klasnja et al., 2015) can help researchers in this regard. Through
micro-randomized trials, researchers can manipulate specific parent and teacher behaviors that are suggested by the theoretical ap-
proaches and test the just-in-time effects of those on child EF-related behaviors (Mouton et al., 2018; Te Brinke et al., 2021). For
example, responding with warmth or sensitivity to children, and scaffolding efforts of parents or teachers can be manipulated via
instructions or interventions. Then, whether these stimulated behaviors, as Attachment and Sociocultural Theory posit, enhance
children’s EF-related behaviors or whether one is more impactful than the other for the improvement of EF can be assessed. For
example, Loop and Roskam (2016) stimulated emotion coaching approaches of parents in a 15-minute laboratory session and found
that after the manipulation, parents displayed more positive affective and sensitive behaviors towards their preschool aged children. In
turn, children of these parents demonstrated higher persistence and enthusiasm during frustration tasks that trigger negative
emotional arousal. Further, mechanisms that explain the link between parent/teacher behaviors and child EF as suggested by the
theoretical frameworks can also be tested. For instance, stress levels of parents or teachers can be induced via special paradigms and it
can be tested whether stress causes changes in parent/teacher-child interactions and in turn, the EF-related behaviors of children as the
Family Stress Model suggests.

Variability in parent/teacher behaviors may also arise from child EF. Although this review study, like many of the studies reviewed
as part of it, focuses on how parent/teacher behaviors influence child EF, future research could examine reciprocal relations. For
example with cross-lagged panel designs, such as in the study by McKinnon and Blair (2018) which examined the reciprocal relations
between teachers’ closeness and child EF. Experimental or intervention designs would also enable collecting more information about
causality, similar to the studies of Weisleder et al. (2018) and Dias and Seabra (2017) in which parent and teacher behaviors were
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manipulated and the effect of the manipulation on children’s EF development was investigated.

As in many other components of developmental science, there are confounding variables in the association between socialization
factors and child EF. Previous studies examined age, SES and ethnicity as possible moderators and confounding variables in the
relation between parent/teacher behaviors and child EF (Valcan et al., 2018; Vandenbroucke, Spilt, Verschueren, Piccinin, & Baeyens,
2018). In addition to these constructs, some studies we reviewed in both fields included verbal abilities as a confounding variable (e.g.,
Meuwissen & Carlson, 2019; Schmitt et al., 2019). Teacher studies mostly included teacher experience and education (e.g., Goble &
Pianta, 2017; Keilow et al., 2019), and number of students in the classrooms (e.g., Pianta et al., 2020). Future research can analyze
whether factors such as vocabulary, teacher experience, and number of students in the classrooms moderate the impact of parent and
teacher behaviors on child EF to understand better for whom, when, and why these relations exist. It is also important to investigate
whether the associations between parent and teacher behaviors and child EF hold after controlling for variables such as child verbal
ability. In addition, future research should focus on whether the effect of parent and teacher behaviors hold specifically for EF abilities
or more broad aspects of cognition.

While suggesting possible reasons for the inconsistent findings regarding the effect of parental and teacher behaviors on child EF,
we mostly relied on methodological differences among studies. However, there might be other reasons that explain inconsistent
findings, such as cultural differences. Even though studies were conducted with diverse samples in terms of the cultural backgrounds in
both parenting (e.g., Lee et al., 2018; Obradovi¢, Yousafzai, Finch, & Rasheed, 2016; Weisleder et al., 2018) and teacher studies (e.g.,
Hu et al., 2020; Leyva et al., 2015), to our knowledge, there is no study systematically comparing whether the effect of parental and
teacher behaviors on child EF varies depending on the cultural context. There is limited research on the cultural differences in child EF
development and the effect of social interactions on child EF (Lewis et al., 2009; Roos et al., 2017). Therefore, more research is needed
into how cultural factors shape the association between parent/teacher-child interactions and child EF development.

Our study revealed some limited findings on whether parent and teacher behaviors have different impacts on different age groups.
We found that a significant relation between negative parental behaviors and teachers’ emotional closeness and child EF is more often
observed in preschool aged children compared to primary school children. Even though there are some review studies investigating
development of EF across different age spans (Diamond, 2002; Garon et al., 2008; Hughes, 2011), research on how the effect of
environmental influences, specifically parent/teacher-child interactions, changes across time is scarce. In their meta-analysis, Valcan
etal. (2018) found that the impact of parents’ cognitive support on child EF is more pronounced in younger children than older ones in
an age group of 0 to 8. Vandenbroucke et al. (2018), on the other hand, showed that teacher behaviors (including different aspects of
teacher behaviors such as emotional support, instructional support) have stronger effect sizes on child EF in older children (i.e.,
beginning of elementary school) across the ages from 2 to 7. Overall, these findings corroborate the hypothesis that young children
depend more on parents’ support and guidance (Blair & Ursache, 2011; Sameroff, 2010) than older children. However, when children
start attending formal schools, they may rely on the teachers’ support as an additional resource for improving their EF skills. Thus,
more research is needed on how the dynamics between parent-teacher-child interactions change over time and how these changes
influence EF development in different developmental periods.

The present study also revealed that even though parents and teachers both play crucial roles in child EF development, fewer
studies investigated the impact of teacher behaviors. Moreover, teachers’ more nuanced behaviors such as sensitivity towards chil-
drens’ needs and interests, controlling behaviors, or scaffolding efforts can be studied to see whether they have positive effects on EF
development, similarly to parental behaviors. While designing such future research, it is essential to critically examine whether these
concepts in the parenting literature can be transferred to the teacher context one-to-one or whether some modifications are needed to
make sure that the assessment methods also work in classroom contexts. Moreover, future research can investigate whether parental
and teacher behaviors have differential effects on different aspects (i.e., inhibitory control, working memory, cognitive flexibility) and
conseptualizations of EFs (i.e., global vs separate EF components).

Since parents and teachers are significant adults jointly influencing child development, their effects may interact in child EF
development. For example, Acar et al. (2018) showed that when children experienced low levels of parent—child closeness and high
levels of teacher-child conflict, they had lower levels of behavior regulation compared to their peers. Further, the study of Vanden-
broucke, Spilt, Verschueren, and Baeyens (2017) demonstrated that when children had a positive relationship with their parents,
emotional support of parents and teachers had little effect on children’s working memory performance. However, when they had a
negative relationship with their parents, emotional support from teachers reinforced their working memory performance. Further-
more, there is some evidence showing that the family context, such as SES, moderates the relationship between teacher behaviors and
child EF. For example, Cadima et al. (2016) found that for children from low-SES families, classroom quality (average of emotional
support, classroom organization, and instructional support) was positively associated with EF scores, but not for children from high-
SES families. These findings indicate that different levels of support from parents may influence how much children benefit from
teachers’ supportive behaviors. In addition, future research should consider other unmeasured variables that could explain the relation
between parent and teacher behaviors, and child EF. For example, children living in more optimal environments (high SES
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neighborhood, rich community resources, and reduced exposure to toxins, etc.) might experience overall better quality parenting and
teacher-child interactions compared to children living in less optimal environments (Cuellar et al., 2015; Wei et al., 2021).

Limitations of the study

Even though the present review study contributes to the current research by bringing two large bodies of literature together and
systematically comparing their findings, it has some limitations as well. While we identified patterns, we did not perform any statistical
analyses to compare the effect sizes of parental and teacher behaviors on child EF, nor did we calculate for which populations and
under which circumstances, the effect of parental and teacher behaviors shows stronger effects. Therefore, we cannot draw strong
conclusions based on this review. Further, the current study only focused on the cognitive aspects of EFs; comparisons of the effect of
parent and teacher behaviors on other aspects of self-regulation such as emotion regulation are also relevant to research but were
beyond the scope of the current study. Another limitation of the study is that we restricted the age range of children from 2 to 12. As
higher-order EF components such as planning, problem solving, and reasoning develop and are assessed mostly at middle childhood
and adolescence (Diamond, 2013), we did not include these more advanced cognitive EF components to have one model for the full age
range for consistency. This may limit our findings to only three core components of EF rather than having a more comprehensive
conclusion on all cognitive aspects of EF.

Conclusion

The aim of the current study is to bring together the theoretical approaches and underlying mechanisms in the relationship between
parental and teacher behavior and child EF development. Further, we compared and combined the findings from the two bodies of
literature to examine which parental and teacher behaviors are studied and found to be associated with child EF. Examination of
theoretical approaches revealed that theoretical frameworks have been established more strongly in the field of parental behaviors
than the educational field. Patterns of findings indicated that while positive and cognitive parental and teacher behaviors are positively
associated with child EF development, negative behaviors are negatively related to it. Further, with regard to child EF, more diverse
and specific kinds of parental behaviors have been investigated in the parental literature compared to the teacher literature. We can
conclude that the teacher literature could benefit from the parent literature with respect to theory development and investigating more
specific teacher behaviors rather than focusing on global constructs. This study contributes to current research by identifying venues
for future research in the field of parental and teacher behaviors with regard to child EF development based on the theoretical
frameworks and empirical findings. Converging findings in parent and teacher literature suggest that, besides the genetic transmission
of EFs, environmental factors such as adult-child interactions in the proximal processes are important for EF development. Future
research should take the significant role of parents and teachers in child EF development into account, and combine parental and
teacher behaviors while studying EF development.
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Table 5
Overview of the parenting studies reporting data from the same or overlapping samples.
Study Sample Age/grade Age/grade Parental Behavior EF Measures Included/Excluded -  Reason
size during EF during the Excluded
assessment assessment of Relationship
M (SD) parent
behaviors
M (SD)
Bibok et al., 36 24.97 (2.65) 24.97 (2.65) Directive and Cognitive Included Assessed
2009 months months elaborative flexibility different
parental utterance parenting
variables
Hammond et al., 82 2 years 18 days 2 years 18 days Scaffolding Inhibitory Included Assessed
2012 (81 days), 3years (81 days), 3 control, working different
21 days (82 days)  years 21 days memory, parenting
and 4 years 28 (82 days) cognitive variables
days (110 days) flexibility and
global EF
Blair et al., 2014 1292 37.5 (1.76) and 37.5 (1.76) and Responsiveness, Global EF Included Predicted EF at
60.62 (3.26) 60.62 (3.26) cognitive different time
months months stimulation points, assessed
cognitive
stimulation
Daneri et al., 1009 48.32 (1.14) 15 (-), 24 (), Responsiveness, Global EF Included Predicted EF at
2018 months and 36 (-) linguistic input different time
months points, assessed
cognitive
stimulation
Towe-Goodman 620 24 (-) and 36 (-) 36 (-) months Sensitivity Inhibitory Excluded Very similar to
etal., 2014 months control, working Vernon-Feagans
memory, et al. (2016)’s
cognitive study
flexibility and
global EF
Vernon-Feagans 1292 24 (-) and 36 () 36 (-), 48 (-), 60 Parental Inhibitory Included Predicted EF at
et al., 2016 months (-) months responsiveness and control, working different time
acceptance memory, points, assessed
cognitive separate EF
flexibility and components
global EF
Devine et al., 117 3.94 (0.53) and 3.4 (0.53) and Cognitive Global EF Excluded Very similar to
2016 5.11 (0.54) years 5.11 (0.54) stimulation, Hughes and
years scaffolding, Devine (2017)’s
negative study
interaction
Hughes & 117 3.94 (0.53) and 3.94 (0.53) and Scaffolding, Global EF Included Involved more
Devine, 5.11 (0.54) years 5.11 (0.54) cognitive parenting
2017 years stimulation, dimensions than
linguistic input, Hughes and
negative affect Devine (2017)’s
study
Ekerim & Selcuk, 239 53.29 (10.19) 53.29 (10.19) Maternal warmth, Inhibitory Included Assessed
2017 months months inductive control different
reasoning parental
behaviors
Giindiiz et al., 217 53.66 (9.59) 53.66 (9.59) Sensitivity, power- Inhibitory Included Assessed
2015 months months assertiveness control different
parental
behaviors
Hughes & Ensor, 140 2.37 (4 months) 2.37 (4 months) Positive parenting Global EF Included Assessed
2005 years and one years different
month later parental
behaviors
Hughes & Ensor, 125 2(-)and 4 (-) 2 (-) years Scaffolding Global EF Included Assessed
2009 years different
parental
behaviors
Holochwost 206 60 (-) months 24 (-) and 36 (-) Sensitivity, Global EF Included - Excluded Assessed
etal, 2016 months intrusiveness the relationship different
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Table 5 (continued)

Study Sample Age/grade Age/grade Parental Behavior EF Measures Included/Excluded -  Reason
size during EF during the Excluded
assessment assessment of Relationship
M (SD) parent
behaviors
M (SD)
between parental
intrusiveness and EF  behaviors
Holochwost 206 60 (-) months 24 (-) and 36 () Positive regard, Global EF Included Assessed
etal., 2018 months intrusiveness different
parental
behaviors
Kok et al., 2013 544 48.5 (1.04) 3 (-) years Sensitivity, Inhibitory Included Assessed
months intrusiveness control, working different EF
memory, components and
planning, global EF
shifting,
emotional
control and
global EF
Lucassen et al., 607 48.4 (0.9) 3 years, 48.4 Sensitivity, harsh Inhibitory Included - Excluded Assessed
2015 months (0.9) months parenting control, the relationship different EF
cognitive between sensitivity components and
flexibility, and intrusiveness at parenting at
emergent 3 years and different time
metacognition inhibitory control points
and cognitive
flexibility at 4 years
2015 752 51.5(1.3) 3.13 (0.12) Sensitivity Inhibitory Included - Excluded Assessed
months years control, working the relationship different EF
memory, between sensitivity components
sustained and inhibitory
attention control and working
memory
Meuwissen & 110 37.68 (1.68) 37.68 (1.68) Father autonomy, Inhibitory Included Predicted EF at
Carlson, months months father control control, working different time
2015 memory, points, assessed
cognitive separate EF
flexibility, delay components
of gratification
and global EF
Meuwissen & 89 57.8 (1.33) 3 years, 57.8 Father autonomy, Inhibitory Included Predicted EF at
Carlson, months (1.33) father control control, working different time
2018 memory, points
cognitive
flexibility, delay
of gratification
Obradovié, 1302 48 (-) months 24 (-), 48 () Scaffolding, home Global EF Included Assessed
Yousafzai, months stimulation quality parental
Finch, & behaviors at
Rasheed, different time
2016 points,
intervention
study
Obradovi¢ & 1302 48 (-) months 24 (-) months Scaffolding, home Global EF Included Assessed
Finch et al., stimulation quality correlational
2019 association
Owen et al., 224 29.79 (0.63) 29.79 (0.63) Child-oriented Inhibitory Excluded Very similar to
2013 months months parenting, hostile control Yuetal. (2020)’s
parenting study
Yu et al., 2020 359 25(),35(),6 2.5 (-) years Sensitivity, Inhibitory Included Assessed
(), 7 (-) years intrusiveness, control different
detachment, parental
cognitive behaviors and EF
stimulation, at different tie
positive regard, points

(continued on next page)
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Table 5 (continued)

Study Sample Age/grade Age/grade Parental Behavior EF Measures Included/Excluded -  Reason
size during EF during the Excluded
assessment assessment of Relationship
M (SD) parent
behaviors
M (SD)
and negative
regard

Spruijt, Dekker, 98 6.2 (1.2) years 6.2 (1.2) years Supportive Inhibitory Included Assessed
Ziermans, & presence, control, working separate EF
Swaab, 2018 intrusiveness, memory, components

verbal scaffolding cognitive
flexibility

Spruijt, Dekker, 70 76.25 (14.49) 76.25 (14.49) Parental support, Global EF Included Assessed global
Ziermans, & months, months, intrusiveness EF and the effect
Swaab, 2019 approximately 6 approximately of intervention

months later 6 months later

Suor et al., 2016 185 63.12 (2.57) 3.5 (-) years Responsiveness, Working Included Assessed

months warmth, harsh memory’ different
discipline parenting
dimensions at
different time
points
Suor et al., 2018 160 63.31 (4.03) 63.31 (4.03) Guided learning, Inhibitory Included Assessed
months months reciprocity, control  control, working different

memory, parenting

cognitive dimensions at

flexibility and different time

global EF points, assessed
different EF
components and
global EF

Swingler et al., 276 56 (5) months 56 (5) months Emotional support, Inhibitory Included Assessed EF at a
2018 negativity, control different time

intrusiveness point

Zeytinoglu, 278 5 (-) years 4 (-) years Emotional support, Inhibitory Included Assessed EF at a
Calkins, negativity, control, working different time
Swingler, intrusiveness memory, point, different
and Leerkes cognitive EF components
(2017) flexibility and and global EF

global EF

Zeytinoglu, 278 56.37 (4.68), 56.37 (4.68), Emotional support, Cognitive Included - Excluded Assessed
Calkins, & 70.80 (3.86) and 70.80 (3.86) negativity, flexibility the relationship different
Leerkes, 82.76 (4.02) and 82.76 intrusiveness, between parental
2018 months (4.02) months cognitive support intrusiveness, behaviors,

responsiveness, predicted EF at
negativity at 4 years  later ages
and cognitive
flexibility at 5 years
Table 6
Overview of the teacher studies reporting data from the same or overlapping samples.
Study Sample Age/grade Age/grade Teacher Behavior EF Measures Included/Excluded - Reason
size during EF during the Excluded
(Teacher/ assessment assessment of Relationship
children) M (SD) teacher
behaviors
M (SD)

Ansari and 325/1407 4.17 (0.47) 4.17 (0.47) Instructional Inhibitory Include Assessed the effect
Pianta, months, fall and months, fall and support control an intervention
2018 spring semester spring semester

Goble & 325/1407 4 (-) years at fall ~ Midyear of Emotional support, Inhibitory Include Assessed
Pianta, semester, spring preschool instructional control correlational
2017 semester support, classroom associations

organization

Goble et al., 269/1179 4.18, (0.46) at Fall and spring Emotional support, Inhibitory Included Assessed change in
2019a fall semester, semester instructional control teacher behaviors

spring semester

(continued on next page)
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Study Sample Age/grade Age/grade Teacher Behavior EF Measures Included/Excluded - Reason
size during EF during the Excluded
(Teacher/ assessment assessment of Relationship
children) M (SD) teacher
behaviors
M (SD)
support, classroom
organization
Hamre 325/1407 4.17 (0.47) Midyear of Emotional support, Inhibitory Included - Excluded Assessed different
etal, years at fall preschool instructional control, the relationship EF components and
2014 semester, spring support, classroom working between emotional teacher behaviors
semester organization, memory support, instructional
teacher-child support, classroom
interaction quality organization and
inhibitory control
2012 -/1364 pre- Kindergarten, Conflict Inhibitory Included Assessed teacher
kindergarten second grade control behavior at a
(4.5 years old), different time point
first and fourth
grade
Goble et al., 954/1364 54 (-) months, 7.02 (-) years Closeness, conflict, Inhibitory Included Assessed different
2019b 7.02 (-) years teacher-child control, teacher behaviors,
interaction quality working EF components at
memory different time
points
Hatfield 222/875 4.11 (0.0.50) Midyear of Emotional support, Inhibitory Included Assessed different
etal, years at fall preschool instructional control teacher behaviors
2016 semester, spring support, classroom
semester organization
Sandilos 156/899 53.91 (3.75) 53.91 (3.75) Closeness, conflict Inhibitory Included Assessed different
etal., months at fall of  months at fall of control, teacher behaviors
2019 preschool, preschool, spring working
spring of of preschool memory,
preschool cognitive
flexibility
Hernandez 26/301 5.48 (0.35) Spring of Closeness, conflict Inhibitory Included Assessed EF and
etal., years at fall of kindergarten control teacher behaviors at
2017 kindergarten different time
points
Swanson 116/291 7.66 (0.39) 7.66 (0.39) years Closeness, conflict Inhibitory Included Assessed EF and
etal., years control teacher behaviors at
2015 different time
points
Hu et al., 59/589 4.99 (0.55) 4.99 (0.55) years Emotional support, Global EF Included Assessed different
2017 years instructional EF components,
support, classroom measurement of EF
organization and teacher
behaviors at
different time
points
Hu et al., 59/588 6.12 (0.44) 6.12(0.44) years,  Emotional support, Inhibitory Included Assessed different
2020 years, 6 months 6 months later instructional control EF components,
later, 12 months support, classroom measurement of EF
later organization and teacher
behaviors at
different time
points
Nguyen 156/1498 55.01 (3.51) 55.01 (3.51) Closeness, conflict, Global Included
et al., months at fall of  months at fall of teacher-child
2020 preschool, preschool, spring interaction quality
spring of of preschool
preschool
Pianta et al., 126/1498 4.40 (0.29) 4.40 (0.29) years Instructional Inhibitory Included Assessed different
2020 years at fall of at preschool content, teacher- control, teacher behaviors
preschool, child interaction working and EF components
spring of quality memory,
preschool cognitive
flexibility
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Appendix B

See Table 7.

Table 7
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Studies Providing a Theoretical Approach for the Relationship between Parent/Teacher Behaviors and Child EF.

Theoretical Approach

Parent Studies

Teacher Studies

Bioecological Model

Attachment Theory

Sociocultural Theory

Family Stress Model

Intergenerational Transmission Model

Teaching Through Interactions

Baker, 2018

Baker & Kuhn, 2017
Holochwost et al., 2018
Korucu et al., 2019

Lengua et al., 2014

2007

Cassidy et al., 2017

Heylen et al., 2017

Low & Webster, 2015

Merz et al., 2017
Schneider-Hassloff et al., 2016
Vandenbroucke, Spilt, Verschueren, & Baeyens, 2017
Baptista et al., 2016

Bindman et al., 2013

Clark & Woodward, 2014
Conway & Stifler, 2012
Distefano et al., 2018

Eason & Ramani, 2016
Ekerim & Selcuk, 2017
Hammond et al., 2012
Hughes & Ensor, 2009

Kamza et al., 2016

Landry et al., 2002

Lee et al., 2018

Meuwissen & Carlson, 2018
Meuwissen & Carlson, 2019
2016

Spruijt, Dekker, Ziermans, & Swaab, 2018
Baker, 2018

Baker & Kuhn, 2017

Giindiiz et al., 2015

Halse et al

Lengua et al., 2014

Suor et al., 2016

Cuevas et al., 2014

Distefano et al., 2018
Zeytinoglu, Calkins, Swingler, and Leerkes (2017)

Cadima et al., 2015
Hamre et al., 2014
Langeloo et al., 2019
McKinnon & Blair, 2018
Nguyen et al., 2020

Cadima et al., 2015

McKinnon & Blair, 2018

2020

Vandenbroucke, Spilt, Verschueren, & Baeyens, 2017
Vandenbroucke, Spilt, Verschueren, & Baeyens, 2018

Goble & Pianta, 2017
Williford et al., 2013

Goble et al., 2019a
Hamre et al., 2014
Hu et al., 2020
Leyva et al., 2015
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See Table 8.

Table 8
List of EF Measures Used in the Selected Studies.
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EF Component Instrument Name

Study

Inhibitory Pencil-Tapping Task
control

The Child Behavior Questionnaire
Head-Toes—Knees-Shoulders Task

Silly Sounds Stroop Task
Go/No Go Game

Puppet-Says Task
Shapes Task
Day/Night

Detour Reaching Box Task

Conner’s Kiddie Continuous Performance
Task

Three Pegs Task

Simon Says Task

Spatial Conflict Task

Stroop Task

Bear-Alligator Task

Handgame Task

Stop-Signal Task

Developmental Neuropsychological
Assessment

Bear-Dragon Task

Turtle-Rabbit Task

Behavior Rating Inventory of Executive
Function

Auditory Continuous Performance Task
Knock-Tap Game

Big/Little Game

Three Blobs Task

Luria’s Hand Game

Card Sorting Task

Cat, Dog, and Fish Task

Circles Task

Head and Feet Task

Whisper Task

Arrow Game

Pig Game

Multi-Source Interference Test

Flanker Task

Continuous Performance Test
Circle and Star
Childhood Executive Function Inventory
Working Numbers Reversed Task
memory
Backward Digit Span Task

Pick the Picture Game

Ansari & Pianta, 2018; Baker, 2018; Choi et al., 2016; Conway & Stifter, 2012; Ekerim &
Selcuk, 2017; Fuhs, Farran, & Nesbitt, 2013; Goble et al., 2019a; Goble & Pianta, 2017;
Giindiiz et al., 2015; Hamre et al., 2014; Hatfield et al., 2016; Hu et al., 2020; Leyva et al.,
2015; Mathis & Bierman, 2015; Pianta et al., 2020; Rimm-Kaufmann et al., 2009; Nguyen
et al., 2020 Sandilos et al., 2019; Schmitt et al., 2019; Williford et al., 2013

Baker & Kuhn, 2017; Hernandez et al., 2017; 2020; Swanson et al., 2015

Baptista et al., 2016; Berkes et al., 2019; Bindman et al., 2013; Cadima et al., 2016; Distefano
etal., 2018; Fuhs et al., 2013; Korucu et al., 2019; Lee et al., 2018; Lengua et al., 2014; Nguyen
et al., 2020; Pianta et al., 2020; Sandilos et al., 2019; Schneider-Hassloff et al., 2016; Vernon-
Feagans et al., 2016; Yu et al., 2020

Blair et al., 2014; Daneri et al., 2018; Gueron-Sela et al., 2018; Xing et al., 2016

Blair et al., 2014; Bosquet Enlow et al., 2019; Daneri et al., 2018; Gueron-Sela et al., 2018;
Obradovi¢, Yousafzai, Finch, & Rasheed, 2016; Obradovi¢ & Finch et al., 2019; Spruijt,
Dekker, Ziermans, & Swaab, 2018; Swingler et al., 2018; Zeytinoglu, Calkins, Swingler, and
Leerkes (2017)

Cassidy et al., 2017

Cipriano-Essel et al., 2017; Hammond et al., 2012; 2007

Cipriano-Essel et al., 2017; Conway & Stifter, 2012; Cuevas et al., 2014; Gueron-Sela et al.,
2017; Gustaffson et al., 2015; Holochwost et al., 2016; Holochwost et al., 2018; Hughes &
Devine, 2017; Lengua et al., 2014; Matte-Gagné, Bernier, & Lalonde, 2014

Clark & Woodward, 2014

Clark & Woodward, 2014

Conway & Stifter, 2012

Cuevas et al., 2014; Meuwissen & Carlson, 2018; Suor et al., 2019

Daneri et al., 2018; Gueron-Sela et al., 2018;

Blair et al., 2016; Graziano et al., 2010; Hughes & Ensor, 2005, 2009; Hughes & Devine, 2017;
Korucu et al., 2019; Low & Webster, 2015; Meece & Robinson, 2014; Obradovi¢, Yousafzai,
Finch, & Rasheed, 2016; Obradovi¢ & Finch et al., 2019; Roskam et al., 2014;

Hammond et al., 2012

Hammond et al., 2012

Heylen et al., 2017

Lengua et al., 2014; 2016

Lengua et al., 2014; 2014; Matte-Gagné, Bernier, & Lalonde, 2014; Merz et al., 2017;
Meuwissen & Carlson, 2015

2007

Lucassen et al., 2015; Schroeder & Kelley, 2010

2015

Obradovié, Yousafzai, Finch, & Rasheed, 2016; Obradovi¢ & Finch et al., 2019
Obradovié¢, Yousafzai, Finch, & Rasheed, 2016; Obradovi¢ & Finch et al., 2019
Roskam et al., 2014

Roskam et al., 2014

Roskam et al., 2014

Roskam et al., 2014

St George et al., 2016

St George et al., 2016

St George et al., 2016

Xing et al., 2016

Xing et al., 2016

Bardack & Obradovi¢, 2019

Bardack & Obradovi¢, 2019; Langeloo et al., 2019; McKinnon & Blair, 2018; Neuenschwander
et al., 2017

2012; Goble et al., 2019b; Herndndez et al., 2017; Swanson et al., 2015
Cadima et al., 2015

Dias & Seabra, 2017

Baker & Kuhn, 2017; Zeytinoglu, Calkins, Swingler, and Leerkes (2017); 2020

Baptista et al., 2016; Bardack & Obradovi¢, 2019; Clark & Woodward, 2014; Gueron-Sela
et al., 2017; Gustaffson et al., 2015; Holochwost et al., 2016; Holochwost et al., 2018; Hamre
et al., 2014; Pianta et la., 2020; Nguyen et al., 2020; Sandilos et al., 2019; Weiland et al., 2013
Blair et al., 2014; Daneri et al., 2018; Gueron-Sela et al., 2018; Xing et al., 2016

(continued on next page)
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EF Component

Instrument Name

Study

Cognitive
flexibility

Global EF

Working Memory Span Task
Nebraska Barnyard Task
Backward Corsi Blocks Task

Spin the Pots Task

Spatial Span Task

Beads Task

Self-Ordered Pointing Task

Spatial Reversal Task

Block Recall Task

Backward Working Memory Task
Forward Word Span Task

Behavior Rating Inventory of Executive
Function

ANT Spatial Temporal Span

Path Span

Puzzle Box Task

Teste Infantil de Memoria de Trabalho
House Game

Visuospatial Working Memory Task
Childhood Executive Function Inventory
Corsi-Block Tapping Task

Memory for Sentences Test

Automated Working Memory Assessment
Forward Digit Span

Dimensional Change Card Sort Task

Executive Function Scale for Early Childhood

Shape Stroop Task

Delayed Alternation Task
Reverse Categorization Task
Something is the Same Task
Spatial Conflict Arrows Task
Detour Reaching Box Task
Flexible Item Selection Task

Trucks Task

Spatial Reversal Task

Behavior Rating Inventory of Executive
Function

ANT ROO Task

Hearts and Flowers Task

Trail Making Test

Minnesota Executive Function Scale
Behavior Rating Inventory of Executive
Function

Behavior Assessment System for Children
Eriksen Flanker Task

Amsterdam Neuropsychological Tasks
Executive Functioning Early Childhood
Computerized Task

Blair et al., 2014; Blair et al., 2016; Daneri et al., 2018; Gueron-Sela et al., 2018;
Bosquet Enlow et al., 2019

Clark & Woodward, 2014; Vandenbroucke, Spilt, Verschueren, & Baeyens, 2017;
Vandenbroucke, Spilt, Verschueren, & Baeyens, 2018

Hammond et al., 2012; Hughes & Ensor, 2005, 2009

Hammond et al., 2012

Hughes & Ensor, 2005, 2009

Hughes & Devine, 2017

Landry et al., 2002

Lee et al., 2018

2015; Suor et al., 2016

Obradovi¢, Yousafzai, Finch, & Rasheed, 2016; Obradovi¢ & Finch et al., 2019
Schroeder & Kelley, 2010

Spruijt, Dekker, Ziermans, & Swaab, 2018

Suor et al., 2016; Suor et al., 2019

Vernon-Feagans et al., 2016

Weisleder et al., 2018

Xing et al., 2016

de Wilde et al., 2016

Dias & Seabra, 2017

Fuhs et al., 2013; Langeloo et al., 2019

Goble et al., 2019b

Vandenbroucke et al., 2018

Weiland et al., 2013

Baker & Kuhn, 2017; Berkes et al., 2019; Cassidy et al., 2017; Cuevas et al., 2014; Fuhs et al.,
2013; Hughes & Devine, 2017; Kamza et al., 2016; Korucu et al., 2019; Lengua et al., 2014;
Leyva et al., 2015; 2014; Matte-Gagné, Bernier, & Lalonde, 2014; McKinnon & Blair, 2018;
Merz et al., 2017; Neuenschwander et al., 2017; Obradovié¢, Yousafzai, Finch, & Rasheed,
2016; Obradovi¢ & Finch et al., 2019; 2016; Suor et al., 2019; Zeytinoglu, Calkins, Swingler, &
Leerkes, 2017; Zeytinoglu, Calkins, & Leerkes, 2018; 2020

Baptista et al., 2016

Bibok et al., 2009

Bibok et al., 2009; Hammond et al., 2012

Bibok et al., 2009; Hammond et al., 2012; 2014

Blair et al., 2014; Daneri et al., 2018; Gueron-Sela et al., 2018; Xing et al., 2016

Blair et al., 2014

Clark & Woodward, 2014; Hughes & Ensor, 2005

Blair et al., 2016; Gueron-Sela et al., 2017; Gustaffson et al., 2015; Holochwost et al., 2016;
Holochwost et al., 2018; Lee et al., 2018

Hughes & Ensor, 2005, 2009

Landry et al., 2002

Lucassen et al., 2015; Schroeder & Kelley, 2010

Spruijt, Dekker, Ziermans, & Swaab, 2018

Bardack & Obradovi¢, 2019; Langeloo et al., 2019; McKinnon & Blair, 2018; Neuenschwander
et al., 2017

Dias & Seabra, 2017

Distefano et al., 2018; Meuwissen & Carlson, 2015, 2018, 2019

Eason & Ramani, 2016; Gartner et al., 2018; Halse et al., 2019; Hu et al., 2017; Kok et al., 2013

Rolan et al., 2018

Sosic-Vasic et al., 2015; Sosic-Vasic et al., 2017
Spruijt, Dekker, Ziermans, & Swaab, 2019
White et al., 2019
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Table 9

Categorization of parental and teacher behaviors.
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Dimensions

Parental Behaviors

Teacher Behaviors

Positive Behaviors

Negative Behaviors

Cognitive Behaviors

Warmth

Sensitivity and responsiveness
Emotional support
Attachment security
Parent-child synchrony
Positive parenting
Rewarding
Intrusiveness/controlling
Negative affect
Inconsistency
Detachment

Protection

Ignoring

Cognitive stimulation
Scaffolding

Language input
Autonomy support

Emotional support
Closeness

Conflict
Dependency

Instructional support
Classroom organization
Autonomy support
EF-related behaviors

Attention-related behaviors Language and literacy activities
EF-related activities

References

References marked with an asterisk indicate studies included in the systematic review
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