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Introduction

In recent decades, broad evidence of a link between early 
emerging self-regulation capacity and social adjustment 
development across childhood and adolescence has been 
provided [1–3]. Temperamental self-regulation (also 
termed effortful control) has been defined as the capacity 
to voluntarily suppress a dominant cognitive, motor, moti-
vational, or emotional response and to perform a subdomi-
nant one according to a rule or demand [3, 4]. The capacity 
largely overlaps with the executive function of inhibitory 
control (see [5, 6]) and has been thought to involve the 
executive (anterior) attention network [7].

Regarding executive functioning, recent neuropsycho-
logical and neuroimaging findings suggest differentiating 
between a “cool” and a “hot” executive control system 
[4, 8, 9]. Cool executive control refers to the capacity to 
suppress prepotent responses to abstract, cognitive, non-
reward-related stimuli, while “hot” executive control refers 
to the suppression of responses to reward-related, motiva-
tional stimuli. Processing of cool and hot executive control 
tasks has been found to involve overlapping but also spe-
cific brain circuitry. Cool inhibitory control tasks involve a 
wide network of brain regions, including the anterior cin-
gulate cortex, the inferior frontal gyrus, the dorsal lateral 
prefrontal cortex, the frontal eye field, the posterior pari-
etal cortex, the striatum, and the cerebellum [7, 10]. Hot, 
reward-related tasks have been shown to involve the ven-
tromedial orbitofrontal cortex/medial prefrontal cortex, the 
anterior cingulate, the ventral striatum and limbic brain 
structures [11, 12]. These networks and the associated per-
formance in cool and hot executive control tasks have been 
found to mature far into late childhood and adolescence. 
Most critical developmental changes, however, have been 
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shown to occur in the preschool period from 3 to 4 years 
onwards [13, 14].

Both characteristics, i.e. cognitive, cool inhibitory 
control and hot, reward-related control (RRC) have been 
thought to be involved in the pathogenesis of attention-
deficit/hyperactivity disorder (ADHD). The characteristics 
have been regarded as basic deficits that indicate independ-
ent developmental pathways to the disorder. More specifi-
cally, the cool executive function pathway has been found 
to be characterized by compromised inhibitory control 
capacity [5, 15, 16], the motivational pathway by a low 
capacity to delay a gratification and the tendency to expe-
rience frustration while waiting (i.e. delay aversion), dys-
functional reward sensitivity [17], and an extreme approach 
tendency/exuberance [15, 18]. Accordingly, medium-sized 
correlations have been found between ADHD symptoms 
and performance in cool inhibitory control and hot RRC 
tasks (see the meta-analyses [19, 20]). The ADHD-related 
causal pathways have been thought to be based on genetic 
dispositions but may also involve aspects of an inadequate 
parent–child relationship [15, 16].

Indeed, recent research has provided some evidence for 
the malleability of early self-regulation development by 
environmental conditions. On the one hand, delay of grati-
fication performance in preschoolers significantly improved 
after cognitive interventions comprising techniques like 
internal redirection of attention or altering the cognitive 
representation of the desired object [1, 21]. On the other 
hand, parenting behaviors that foster the use of internal 
language and cooperation with parents [22, 23] predicted 
the development of self-regulation/effortful control. More 
specifically, Lengua et al. [24] found that parental respon-
siveness, respect for autonomy and adequate limit setting 
in 3-year-olds predicted an increase in effortful control 6 
months later. Kochanska et  al. [23] showed that maternal 
responsiveness at the child’s age of 22 months predicted 
effortful control at 33 months. Chang et  al. [25] found a 
positive association between maternal warmth/responsive-
ness and a latent effortful control variable in boys. These 
studies, however, used aggregate scores on cool and hot 
executive control tasks, leaving the question open whether 
developmental improvements in both domains are associ-
ated with parenting.

Several longitudinal studies analyzed the role of sensi-
tive, responsive parenting as a predictor of exclusively cool 
executive function development in preschoolers (i.e. per-
formance in cool inhibitory control and working memory 
tasks). The obtained associations were usually positive (see 
[22, 26–29]). Moreover, because cool executive functioning 
and RRC have been supposed to be involved in the devel-
opment of ADHD symptoms, a mediation effect between 
parenting and ADHD symptoms by cool executive func-
tions and RRC appears likely. However, such mediation 

effects have also been analyzed exclusively for the cool 
domain. Here, Sulik et al. [29] found that the link between 
sensitive parenting and externalizing symptoms in children 
between 36 and 90 months was mediated by cool execu-
tive functions of the child (i.e. working memory, inhibitory 
control, shifting). Olson et  al. [28], however, were unable 
to confirm such a mediation model. In their study, parent-
ing and a cool executive function score independently pre-
dicted later externalizing symptoms of the child. To the 
best of our knowledge, a corresponding model comprising 
ADHD symptoms and RRC capacity in particular has not 
yet been examined, and only two studies have investigated 
the association between parenting and RRC performance: 
In preschoolers from low-income families, Li-Grining [30] 
found that delay of gratification performance (measured 
by the Snack Delay and the Gift-Wrap task of the effortful 
control battery by Kochanska) at age 4 was associated with 
a composite score comprising concurrent and preceding 
child-mother connectedness. By contrast, Bernier et al. [26] 
found no association between parenting behaviors such as 
maternal responsiveness, autonomy support/mind-minded-
ness and delay of gratification (measured by the Gift Wrap 
task) development between 18 and 26 months.

Taken together, RRC capacity has been regarded as an 
essential component of social adjustment development 
and as a vulnerability marker for one of the heterogene-
ous ADHD-related etiological pathways. RRC develop-
ment might be fostered by responsive, sensitive parenting 
and might mediate the link between parenting and ADHD 
symptoms. These associations have been thought to be 
specifically pronounced in the preschool period because 
of a heightened sensitivity of the developing RRC-related 
brain circuitry to environmental influences [31, 32]. How-
ever, empirical research on these issues is sparse and the 
few existing studies show conflicting results. In the pre-
sent study, we therefore aim to analyze whether maternal 
responsiveness/sensitivity predicts preschool RRC develop-
ment and whether RRC might work as a mediator between 
the parenting behavior and ADHD symptoms. It was 
hypothesized that (1) maternal responsiveness assessed at 
age 4 predicts RRC development between the ages of 4 and 
5, and (2) RRC mediates a negative link between maternal 
responsiveness at age 4 and ADHD symptoms at age 5.

Method

Participants

The sample consisted of 125 4-year-old children (71 
boys; 57%) and their primary caregivers. At childcare 
facilities in Marburg and surrounding villages (mid-West-
ern Germany), parents of 4-year-old children received an 
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information letter and were asked to fill in a screening 
questionnaire on ADHD symptoms (ADHD rating scale 
by Döpfner, Görtz-Dorten, and Lehmkuhl [33], descrip-
tion see below). Preschoolers showing elevated ADHD 
symptoms were oversampled (i.e. 65 children, 52% of 
the sample, exceeded the 70th percentile of the screening 

questionnaire). Exclusion criteria were: IQ < 80, motor 
disabilities, sensory handicaps, chronic diseases involv-
ing brain functions, any continuous pharmacological 
treatment, and insufficient German language skills of 
parents or child. Sample characteristics are shown in 
Table 1.

Table 1   Description of sample

Wave 1 (age 4) Wave 2 (age 5)
n = 125 n = 120

Age
 Months: m, sd, range 54.4, 3.2, 48–59 66.9, 3.4, 60–74

Gender
 Male 71 (56.8%)
 Female 54 (43.2%)

Education level of mother
 Basic education 13 (10.4%)
 Work qualification 40 (32.0%)
 High school 24 (19.2%)
 College 48 (38.4%)

Education level of father
 Basic education 23 (18.4%)
 Work qualification 26 (20.8%)
 High school 26 (20.8%)
 College 48 (38.4%)
 No reply 2 (1.6%)

Age of mother
 Years: m, sd, range 35.8, 5.2, 24–47

Age of father
 Years: m, sd, range 39.0, 6.5, 25–59

Employment of mother
 Full-time 26 (20.8%)
 Half-time 57 (45.6%)
 No 41 (32.8%)
 No reply 1 (0.8%)

Employment of father
 Full-time 104 (83.2%)
 Half-time 4 (3.2%)
 No 14 (12.2%)
 No reply 3 (2.4%)

M (SD) M (SD)

Maternal responsiveness 23.5 (4.0) –
RRC tasks
 Stranger with bag 211 (112) 225 (105)
 Cookie delay 16.6 (2.9) 16.9 (1.9)
 Gift wrap 3.8 (0.7) –

ADHD scores
 FBB-ADHD parent 18.9 (10.2) 15.9 (9.5)
 FBB-ADHD teacher 13.9 (11.5) 11.9 (10.5)
 Pre-PACS interview with parent 5.8 (4.6) 4.3 (3.7)
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Assessments were conducted at two time points: at age 
4 (M = 54; SD = 3; range: 48–59 months) and 12 months 
later, at age 5 (M = 67; SD = 3; range: 60–74 months). Of 
the original sample, five parent–child pairs (4%) did not 
take part in the second assessment wave, leaving 120 par-
ticipants (96%) for the longitudinal analyses. Parents gave 
their written informed consent to participate in the study, 
and received an expense allowance of 50 Euros at each 
wave. The study was approved by the Ethics Committee 
of the Faculty of Medicine, University of Marburg.

Procedure

At each assessment wave, a home visit, a “playroom” 
session, and a telephone interview with the mother were 
conducted. Observations of mother–child interaction and 
an intelligence test with the child were conducted dur-
ing the home visits, RRC tasks were conducted in a quiet 
room at the childcare facilities, and the clinical interview 
on the child’s ADHD symptoms was carried out by tel-
ephone. The examiners who conducted the home visits 
and scored maternal responsiveness during the interac-
tion episodes were blind to the RRC and to the ADHD 
symptom scores of the child.

Variables

Maternal Responsiveness/Sensitivity at Age 4

Maternal responsiveness was assessed during two inter-
action tasks conducted at home. In the first task, mother 
and child were instructed to work together on a puzzle 
(60 pieces, picture of cats), and in the second task, they 
were asked to build a figure (according to a template) 
with toy building blocks. Each episode lasted for 6 min. 
Responsiveness was assessed using the 4-point rating 
scale “Responsiveness/Sensitivity/Appropriate Scaffold-
ing” of the Mannheim Rating Scale for the Assessment 
of Mother–Child Interaction (MBS-MKI) by Polowczyk 
et al. [34]. Good responsiveness/sensitivity is defined as 
being attentive to the child’s behavior, interpreting his/
her behavior accurately and reacting adequately while 
respecting the intentions and rhythm of the child, such 
that the mother often follows the child’s lead in the play 
interactions. Poor responsiveness/sensitivity is charac-
terized by intrusive/overinvolved and/or non-responsive 
behavior of the mother. Inter-rater reliability was checked 
in 10% (n = 13) of the home visits and proved to be ade-
quate (Kappa = 0.74). For further analyses, the ratings of 
the 30-second intervals were summed up.

RRC Tasks at Ages 4 and 5

At both ages, the RRF battery comprised three tasks that 
are commonly used in the preschool ADHD context. The 
Cookie-Delay Task and the Gift-Wrap Task from the 
Effortful Control Battery by Kochanska [35] use a wait-
ing paradigm, which requires the child to wait for a reward 
(see [36, 37]). The Stranger-with-Toys Task by Asendorpf 
[38] was included to capture the component of increased 
approach tendency/exuberance (see [39, 40]).

In the Cookie-Delay Task (also termed Snack-Delay), 
the child was instructed to wait for the ringing of a bell 
before he/she could retrieve a sweet that was covered by a 
transparent cup. After a practice trial, six trials followed, 
with delay intervals between 10 and 40 s. Approach behav-
iors were scored (e.g. touching, lifting the cup, eating the 
sweet before the bell rang). The task has proven to be age-
appropriate [41, 42], and factorial and construct validity 
have been demonstrated [36, 40].

In the Gift-Wrap Task, the child was instructed to sit 
behind the experimenter and not to look while the experi-
menter wrapped a present for the child. Approach behav-
ior of the child was scored. The task has also proven to be 
age-appropriate [41, 42], has shown significant correlations 
with ADHD symptoms [43] and has been found to dis-
criminate significantly between children with and without a 
positive ADHD family history [40].

As mentioned, the Stranger-with-Toys Task was con-
ducted in order to include a measure of the approach ten-
dency of the child that has been thought to underlie low 
RRC performance and has been regarded as a component 
of the ADHD-related motivational pathway. Similar tasks 
have been previously used to capture exuberance (e.g. 
[44]). In this task, the child sat at a table with one rather 
boring toy. A stranger entered the room, carrying a trans-
parent bag of interesting toys, which she successively 
unpacked and played with while not attending to the child. 
After 3 min, she invited the child to play with her together 
with the toys and continued to talk kindly to the child for a 
further 2 min. The latency (seconds) until the child’s first 
spontaneous utterance directed to the stranger was scored. 
The measure has proven to be highly stable (0.74 across 2 
years) and has shown significant associations with parent 
ratings of the child’s approach versus. withdrawal behavior 
and observed approach behavior in peer interactions [38]. 
The task has been demonstrated to load on a delay aversion 
factor and to discriminate between children with and with-
out a positive ADHD family history [40].

The tasks were carried out and scored by two trained 
investigators who worked together. Interrater reliability was 
assessed in n = 30 cases. Results were as follows: Stranger-
with-Toys ICC = 0.90, Cookie-Delay ICC = 0.99, Gift-Wrap 
K = 0.95. In accordance with the results of a previous study 



46	 Child Psychiatry Hum Dev (2018) 49:42–52

1 3

[45] and to reduce the number of variables, we summed 
up the z-transformed scores of the single tasks to an RRC 
composite score at each age. At the 5-year assessment, 
however, the Gift-Wrap task showed nearly no variance, 
i.e. no child left his/her seat or tried to peek. This task was 
therefore excluded from the analyses. The RRC score at age 
5 thus comprised performance in the Cookie-Delay and the 
Stranger-with-Toys Task. Intercorrelation(s) (Spearman’s r) 
of the tasks ranged between 0.09 and 0.11 at age 4 and was 
0.29 at age 5. Stability (rtt) of the composite score across 
the 12-month period was 0.41.

ADHD Symptom Assessment at Ages 4 and 5

At both assessment waves, ADHD symptoms of the child 
were assessed by a structured clinical parent interview and 
by parent and teacher questionnaires. The Parental Account 
of Childhood Symptoms (PACS) interview [46] in the 
modified preschool version (PrePACS) by Daley [47] was 
conducted with the mother. The ADHD scale shows good 
test–retest reliability (0.78, 15-week interval) and dis-
criminates significantly between children with ADHD and 
healthy controls [48]. Parents and nursery teachers filled 
in the preschool version of the ADHD rating scale (FBB-
ADHS-V) by Döpfner et  al. [33]. The questionnaire cap-
tures ADHD symptoms according to ICD-10 and DSM5. 
The parent and teacher version shows high homogeneity 
(Cronbach’s alpha: 0.94 and 0.93) and good validity (dif-
ferentiation between children with and without an ADHD 
diagnosis) [49]. The three ADHD scores intercorrelated as 
follows (age 4, age 5): FBB-ADHS-V parent and teacher 
score: 0.29, 0.57; PrePacs score and FBB-ADHS-V teacher: 
0.06, 0.31; PrePacs score and FBB-ADHS-V parent: 0.48, 
0.63. At each age, the three scores were summed up after 
z-transformation. Stability (rtt) across the 12-month period 
was 0.76.

Control Variables

To control for possible influences of maternal ADHD 
symptoms, intelligence level of the child, and oppositional 
and emotional problems of the child on the hypothesized 
associations, we assessed these variables using the follow-
ing methods.

Intelligence Level

Intelligence level of the child was assessed at the 5-year 
assessment wave using four subtests of the German version 
of the Wechsler Preschool and Primary Scale of Intelli-
gence (WPPSI-III) [50], i.e. Word Reasoning, Vocabulary, 
Block Design, and Matrix Reasoning. These subtests have 
shown the highest reliability and loadings on the verbal and 

performance intelligence factors [50] and were used in the 
present study to approximate the child’s IQ.

Maternal ADHD Symptoms

Mothers filled in the German version of the Conners Adult 
ADHD Rating Scale (CAARS; [51]) and were interviewed 
using the Wender-Reimherr interview for adults [52]. Inter-
nal consistency (Cronbach’s alpha) of the interview scale is 
0.82. The method validly differentiates between adults with 
and without an ADHD diagnosis [52]. The scores were 
summed up after z-transformation.

Symptoms of Oppositional Defiant Disorder (ODD) 
and Conduct Disorder (CD)

Mothers filled in the German FBB-SSV questionnaire, 
which measures ODD/CD symptoms of the child [33] 
according to ICD-10. The scale shows high internal con-
sistency (Cronbach’s alpha = 0.91) and validly discrimi-
nates between children with ODD/CD and controls [53].

Symptoms of Anxiety and Depression

The Anxious/Depressed scale of the German version 
of the Child Behavior Checklist (CBCL4-18) by Döp-
fner, Schmeck, Berner, Lehmkuhl, and Poustka [54] was 
employed. The scale shows significant associations with 
anxiety and emotional disorders, indicating good validity 
[54].

Statistical Analyses

After preliminary analyses of the intercorrelations of the 
study variables, a multiple hierarchical regression analysis 
was conducted to examine whether maternal responsive-
ness predicts the development of RRC between the assess-
ments at 4 and 5 years. In this analysis, the RRC score at 5 
years was used as the criterion variable while controlling 
for the concurrent RRC score at age 4. Analogously, we 
analyzed whether maternal responsiveness predicts ADHD 
development. In all analyses, we controlled for the child’s 
gender and age (in months at the 5-year wave). If signifi-
cantly associated with the criterion variable, we addition-
ally controlled for maternal symptoms of ADHD, intel-
ligence level of the child and oppositional and emotional 
symptoms of the child.

The prerequisites for a mediation relationship are ful-
filled if the maternal responsiveness at 4 years and the RRC 
and ADHD score at 5 years intercorrelate significantly 
[55]. In this case, it was analyzed whether the link between 
maternal responsiveness at 4 years and ADHD symptoms 
at 5 years was mediated by the RRC score at 5 years using 
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a path-analytic approach (see Fig.  1). In other words, the 
total link between maternal responsiveness and subsequent 
ADHD symptoms was apportioned into an indirect link via 
RRC (paths a and b) and a direct link (path c′). Path a rep-
resents the link between maternal responsiveness and RRC, 
and path b the link between RRC and ADHD symptoms 
while partialling out the influence of maternal responsive-
ness. To test the significance of the total mediation effect 
via RRC, we used the bootstrapping procedure (assump-
tions made by this procedure are more realistic compared to 
Sobel tests) recommended by Preacher and Hayes [56]. For 
these calculations, we used the SPSS Macro “Indirect” by 
Preacher and Hayes [56]. All calculations were conducted 
using IBM SPSS Statistics (IBM Corp.).

Results

Table  2 shows the bivariate intercorrelations of the study 
variables. Between the 4- and 5-year assessments, stability 
of RRC was of medium size while stability of the ADHD 
symptom score was high. While the RRC score at 5 years 
was not associated with any of the control variables, the 
ADHD score at 5 years was significantly associated with 
behavioral and emotional symptoms and intelligence of the 
child.

Prediction of Change in RRC Capacity

To analyze whether maternal responsiveness at 4 years 
predicts change in RRC between the 4- and 5-year assess-
ments, a multiple hierarchical regression analysis was 
conducted (see Table 3). After controlling for gender and 
age of the child and the RRC score at 4 years, maternal 
responsiveness was significantly associated with the RRC 
score at 5 years, indicating a significant prediction of an 
increase in RRC between 4 and 5 years by high maternal 
responsiveness.

Prediction of ADHD Symptoms

Maternal responsiveness was significantly negatively 
associated with the ADHD symptoms of the child at age 
4 and at age 5 (Table  2). The higher the ADHD symp-
toms of the child were at age 4 and 5, the poorer was the 
mother’s responsiveness/sensitivity. After controlling 
for the ADHD score at 4 years, maternal responsiveness 
was no longer associated with the ADHD score at 5 years 
(Fchange = 0.06, p = .82), indicating that maternal respon-
siveness/sensitivity was negatively associated with the 
stability of the ADHD symptoms between ages 4 and 5.

Fig. 1   Mediation model. Direct 
and indirect paths for the link 
between maternal responsive-
ness at age 4 (4y) and ADHD 
symptoms at age 5 (5y). Cor-
responding path coefficients and 
significance tests are listed in 
Table 4

Reward-related 
control
5y

ADHD 
symptoms
5y

Maternal 
responsiveness
4y

a b

c'

Table 2   Intercorrelations of study variables

***p < .001, **p < .01, *p < .05

2 3 4 5 6 7 8 9 10 11

1: Mat. responsiveness 4y 0.14 0.28** −0.26** −0.19* −0.08 −0.12 −0.08 0.01 0.26** 0.02
2: RRC 4y 1 0.41*** −0.26** −0.23* −0.12 −0.08 −0.02 −0.07 −0.01 −0.13
3: RRC 5y 1 −0.25** −0.32*** −0.18 −0.18 0.07 0.03 −0.02 −0.08
4: ADHD symptoms 4y 1 0.76*** 0.40*** 0.33*** 0.31*** 0.19* −0.24** 0.24**
5: ADHD symptoms 5y 1 0.30*** 0.44*** 0.14 0.21* −0.24** 0.16
6: Oppositional symptoms 4y 1 0.76*** 0.58*** 0.25** −0.13 0.30***
7: Oppositional symptoms 5y 1 0.40*** 0.40*** −0.06 0.27**
8: Anx./depr. symptoms 4y 1 0.50*** −0.08 0.33***
9: Anx./depr. symptoms 5y 1 −0.01 0.29**
10: Intelligence 5y 1 −0.05
11: Mat. ADHD symptoms 4y 1



48	 Child Psychiatry Hum Dev (2018) 49:42–52

1 3

Mediation Analysis

The associations between maternal responsiveness, 5-year 
RRC and ADHD symptoms were statistically significant. 
Thus, the prerequisites for the hypothesized mediation 
effect were given. Table 4 shows the results of the media-
tion analysis. In the path-analytic approach, the total effect 
of maternal responsiveness on ADHD symptoms is divided 
into an indirect effect via RRC at 5 years and a direct effect. 
Here, the indirect effect proved to be statistically signifi-
cant, while the direct link was not statistically significant, 
indicating that the link between maternal responsiveness 
and ADHD symptoms was completely mediated by RRC 
capacity at 5 years. This result did not change after con-
trolling for gender and age of the child. Controlling for 
oppositional and emotional symptoms, however, led to a 
non-significant total association between maternal respon-
siveness and ADHD symptoms, making a mediation analy-
sis dispensable.

Discussion

The primary aim of the present study was to examine 
whether maternal responsiveness/sensitivity predicts devel-
opmental changes in RRC performance, i.e. an increase 
in the capacity to suppress dominant, reward-related 
responses. In a second step, we analyzed whether the puta-
tive association between maternal responsiveness/sensitiv-
ity and ADHD symptoms is mediated by RRC develop-
ment. We expected to find the hypothesized associations 
within the preschool period, because critical developmental 
changes in RRC performance and the underlying brain cir-
cuitry have been thought to lead to an increased sensitivity 
to environmental conditions such as responsive, sensitive 
parenting.

In the present study, RRC and maternal responsiveness/
sensitivity were assessed by blinded examiners in inde-
pendent settings (maternal responsiveness during a home 
visit, the child’s RRC performance in playroom sessions at 
the childcare facilities). RRC and maternal responsiveness 
were measured by age-appropriate, valid tasks/procedures. 
The stability in RRC performance across the 12-month 

period was of medium size, indicating temporal continuity 
but also developmental change. We confirmed our hypoth-
esis that responsive/sensitive parenting predicts RRC devel-
opment between 4 and 5 years. Specifically, high maternal 
responsiveness/sensitivity measured at age 4 was associ-
ated with an increase in the child’s RRC capacity across 
the 12-month period between 4 and 5 years. Our result is 
in line with the findings of Li-Giring [30], who demon-
strated that dyadic connectedness (regarded as a proxy for 
optimal parenting) was associated with concurrent RRC 
performance in the preschool period. It is also consistent 
with Lengua et al. [24] finding that responsiveness/respect 
for autonomy and adequate limit setting predicted effortful 
control development between 33 and 40 months. Maternal 
responsiveness, therefore, might foster the developing RRC 
capacity.

Responsive parenting represents an enduring attitude of 
a parent that enables the recognition and reassurance of the 
child’s emotional/motivational states and appropriate regu-
latory responses (adjusted to the specific child and with-
out under- or overcontingency) in everyday life [57]. This 
social exchange process has been found to lead to a vari-
ety of positive adjustment outcomes in the child, including 
verbal ability, symbolic competence, and social facility as 
well as a sense of security and trust in the availability and 
reliability of the parent [57]. Maternal responsiveness has 
been thought to influence self-regulation development via 
an improvement in self-directed internal speech and the 
adoption of effective regulation strategies [22]. Moreover, 
the secure and trustful relationship with the parent might 
enhance the child’s cooperation, his/her compliance with 
the rules of the parent and the wider social environment 
[23]. It seems very probable that these mechanisms lead 
to a successive improvement in RRC. However, although 
our longitudinal results and those of others point to the 
possibility of such causal effects, influences of confound-
ing and mediating variables (e.g. genetic effects) cannot 
be ruled out. To examine whether parenting behavior actu-
ally causes an improvement in RRC, future research should 
employ randomized controlled trials (e.g. on the effect of 
responsiveness/sensitivity training on RRC development).

We found the expected link between maternal respon-
siveness/sensitivity and ADHD symptoms of the child. 

Table 3   Prediction of change 
in RRC performance between 
ages 4 and 5 by maternal 
responsiveness at age 4

***p < .001, **p < .01, *p < .05

Step/Model Criterion: RRC 5y
Predictor variables

R R2
change Fchange p = Model 3:

ß-Coefficients

1 Gender of child 0.14 0.02 1.15 0.32 0.00
Age in months 0.10

2 RRC 4y 0.42 0.16 21.71 0.000 0.37***
3 Mat. responsiveness 4y 0.48 0.05 7.70 0.006 0.23**
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Low responsiveness was associated with continuously high 
ADHD symptoms across the 12-month period. The longi-
tudinal association between maternal responsiveness and 
ADHD symptoms at age 5 was shared with oppositional 
symptoms. In other words, after controlling for opposi-
tional symptoms, ADHD symptoms were no longer asso-
ciated with preceding maternal responsiveness/sensitiv-
ity. The findings correspond to observations that children 
with ADHD symptoms frequently also show oppositional 
behavior problems, and that specifically combined ADHD 
plus oppositional symptoms are associated with inadequate 
parenting [58]. Coercive cycles have been assumed, with 
increasingly inadequate parenting and worsening of behav-
ior problems of the child [16]. Our results are well in line 
with this assumption.

We analyzed whether the link between responsive-
ness and ADHD symptoms was mediated by RRC. In the 
hypothesized mediation model, the indirect link between 
maternal responsiveness/sensitivity at age 4 and ADHD 
symptoms at age 5 via RRC at age 5 proved to be statis-
tically significant and completely mediated the total link. 
The result is in line with the notion that maternal respon-
siveness/sensitivity fosters RRC development, which in 
turn lessens the ADHD symptoms of the child. This media-
tion effect, however, did not persist after adjustment for 
oppositional symptoms, indicating that the obtained effect 
applied to ADHD symptoms that occurred in combination 
with oppositional symptoms. The result corresponds well 
with the description of increased aggressive, oppositional 
symptoms associated with the motivational pathway to 
ADHD.

The following limitations of our study should be men-
tioned. First, though statistically significant, the effect sizes 
of the associations involving ADHD symptoms were pre-
dominantly small. However, as pointed out above, ADHD 
symptoms comprise a set of etiologically and phenotypi-
cally heterogeneous subcomponents. Only some of these 
might be associated with maternal responsiveness and 
RRC. Therefore, larger effects cannot be expected. Second, 
the child’s RRC and ADHD symptom development might 
also involve paternal parenting behaviors, which we did 
not consider. The inclusion of paternal parenting behaviors 
could have increased the amount of explained variance. 
Third, we adopted a dimensional measurement approach 
to ADHD in a community-based sample. A comprehensive 
review by Coghill and Sonuga-Barke [59] strongly sug-
gests a dimensional nature of ADHD, and specifically in 
the preschool period, such an approach is regarded as more 
sensitive for capturing the putative precursor stages of the 
disease [60]. Fourth, the RRC tasks at age 4 intercorrelated 
weakly, implying low homogeneity of the summary score 
at that age. Using the three single RRC scores (instead of 
the summary score) as control variables in the regression 

analysis, however, did not change the significance of the 
prediction by maternal responsiveness. Moreover, the sta-
bility of the RRC summary score was significant and of 
medium size, indicating an adequate test–retest reliability 
across 12 months.

To conclude, our study extended previous research by 
showing that maternal responsiveness predicted an increase 
in RRC performance in the preschool period. Maternal 
responsiveness/sensitivity might facilitate RRC develop-
ment via an improvement in internal language and in the 
child’s cooperation with his/her caregiver. As it seems pos-
sible that a specific subtype of children who show ADHD 
symptoms combined with oppositional symptoms and low 
RRC capacity could benefit from responsive/sensitive par-
enting, it would be worthwhile to analyze whether interven-
tions focusing on maternal responsiveness could improve 
self-regulation and social adjustment development in these 
preschoolers in particular.

Summary

In the present study, we analyzed whether maternal 
responsiveness/sensitivity predicts the development of 
reward-related, “hot” effortful control (RRC) between 4 
and 5 years and whether RRC mediates a putatively nega-
tive link between maternal responsiveness and ADHD 
symptoms. Regarding these questions empirical research 
has been sparse and the few existing studies showed con-
flicting results. Our sample consisted of 125 4-year-old 
children (71 boys; 57%) and their primary caregivers. 
Parent–child pairs were seen twice, at the child’s age of 4 
years and 12 months later, at age 5. Maternal responsive-
ness/sensitivity was assessed by an at-home observation 
procedure, RRC by a set of neuropsychological tasks, and 
ADHD symptoms via a structured clinical interview with 
the mother and questionnaires filled in by parents and 
teachers. We confirmed our hypothesis that high maternal 
responsiveness/sensitivity at age 4 predicts an increase 
in the child’s RRC capacity across the 12-months period. 
The negative link between maternal responsiveness/sen-
sitivity at 4 years and ADHD symptoms at 5 years was 
completely mediated by RRC performance at 5 years. 
We concluded that maternal responsiveness/sensitivity 
might facilitate RRC development. Preschoolers show-
ing ADHD symptoms and low RRC capacity in particular 
might benefit from responsive/sensitive parenting.
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