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Abstract

We investigated whether child temperament (negative emotionality, 5months)
moderated the association between maternal stimulation (S months-2%2years) and
academic readiness and achievement (vocabulary, mathematics, and reading). We
applied structural equation modeling to the data from the Quebec Longitudinal
Study of Child Development (N=1121-1448; mostly Whites; 47% girls). Compared
to children with low negative emotionality, those with high negative emotionality
had higher levels of academic readiness (6 years) and mathematics achievement
(7years) when exposed to high levels of maternal stimulation (f=3.17, p<.01 and
p=2091, p<.01, respectively). The results support the differential susceptibility
model whereby highly emotionally negative children were more susceptible to the
influences of low and high levels of maternal stimulation in academic readiness
and mathematics achievement's developments.

Early childhood represents a critical period during which
children develop an array of pre-academic skills and
social-emotional abilities (Barbarin et al., 2008; Boivin
& Bierman, 2013). For example, they acquire nominal
knowledge (e.g., letter, number, and color recognition),
cognitive skills (e.g., inferential thinking, ability to
follow instructions), and social, attentional, and emo-
tional competences (Barbarin et al., 2008; Li-Grining

et al., 2010; Nix et al., 2013). There is much variability in
the extent to which children have acquired these skills
at school entry. Those with poor pre-academic skills are
at risk of short- and long-term academic problems, in-
cluding dropping out of school (Jimerson et al., 2000).
Although environmental factors such as parenting
are important determinants of academic outcomes
(Chazan-Cohen et al., 2009), children's temperament
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also contributes to academic readiness and achievement
(Blair & Razza, 2007; Liew, 2012; Valiente et al., 2010).
Thus, understanding the interaction between parenting
and temperament is crucial to promote children's aca-
demic success.

Temperament refers to early individual character-
istics underlying basic reactions in various situations,
including social interactions (Rothbart & Bates, 1998).
Temperamental characteristics are the result of the com-
plex interplay between biological and environmental
factors initiated from the beginning of the pregnancy
(Rdikkonen et al., 2004; Shiner et al., 2012; Takegata
et al., 2021). Notably, temperament characteristics have
neurological (DiPietro et al., 1996) and genetic roots
(Rothbart & Bates, 1998, 2006). Individual differences in
central nervous system functioning have been observed
before birth and seem to be associated with infant tem-
perament (DiPietro et al., 1996; Dipietro et al., 2018).
Several taxonomies of temperament have been pro-
posed (Bates, 1980; Rothbart et al., 2001; Thomas &
Chess, 1977). In this study, we used a commonly ac-
cepted classification of temperament according to which
it is composed of several dimensions, such as self-regu-
latory capacities (i.e., inhibitory and attentional control
capacities), rhythmicity-activity (i.e., impulsivity and
activity level), and negative emotionality (i.e., irritabil-
ity and negative emotional reactivity) (Bates et al., 1979;
Rothbart et al., 2001).

Extensive research has been conducted on the asso-
ciation between temperamental dimensions, academic
readiness, and achievement (Blair & Razza, 2007;
Liew, 2012; Valiente et al., 2010). Children expressing
a difficult temperament tend to have low adaptability
to new situations, irregular habits, and irregular bi-
ological rhythms (e.g., sleeping, reaction time, daily
performance) (Thomas & Chess, 1977). Especially,
negative emotionality is a core aspect of temperament
that is expressed with frequent, intense, or lasting ep-
isodes of anger, sadness, and frustration. These neg-
ative emotions often interfere with behaviors critical
to academic success, such as motivation, concentra-
tion, and social interactions (Rice et al., 2007; Valiente
et al., 2010). These emotions may also impede one's
ability to recall relevant cues, to elaborate plans, and
to solve problems, thus impacting cognitive perfor-
mance (Blair, 2002). Furthermore, frequent expression
of anger might negatively affect children's relation-
ships with peers (Rothbart & Bates, 1998), which are
important for academic achievement (Ladd, 1990).
Thus, negative emotionality has been associated with
low academic readiness and achievement levels (Checa
& Abundis-Gutierrez, 2017; Gumora & Arsenio, 2002;
Potmesilova & Potmesil, 2021; Valiente et al., 2010).

According to the social development theory of
cognitive development, providing a nurturing and
stimulating environment during early childhood is
essential to support cognitive development (Belsky

& De Haan, 2011), which, in turn, may be associated
with better academic achievement (Forget-Dubois
et al., 2009; Lemelin et al., 2007). An optimal parent-
ing style to support children's academic competencies
is characterized by warmth and support (Neitzel &
Stright, 2003). Indeed, appropriate levels of maternal
warmth, support, and stimulation have been associ-
ated with greater vocabulary development (Akhtar
et al., 1991). In addition, age-appropriate levels of ma-
ternal stimulation (e.g., availability for interaction,
promotion of cognitive development) may provide the
child with increased opportunities for learning and
cognitive development (Landry et al., 2006). Similarly,
authoritative parenting styles (e.g., high level of sup-
port and demand) has been associated with higher
cognitive development, possibly because of enhancing
child's interest and regulating their opportunities for
development (Gauvain et al., 2013; Pinquart, 2016). In
turn, these experiences may increase children's interest
in exploring their environment (Landry et al., 1996),
as well as their acceptance of parental scaffolding
(Grusec & Goodnow, 1994). Furthermore, being in-
volved in reciprocal dyadic interactions provides op-
portunities for children to understand that they can
affect their environment and regulate their behavior
(Kochanska, 2002). A mother who demonstrates com-
petence in managing emotions will promote coping
skills and contribute to the emotional development
of her child (Power, 2004; Spinrad & Stifter, 2006). In
contrast, less nurturing parenting styles are associated
with worse cognitive developmental outcomes during
childhood (Blair, 2002).

As postulated by the bioecological system theory
(Bronfenbrenner et al., 1998), child characteristics
interact with proximal processes (i.e., parent—child
interactions) to frame child development. Thus, to
understand how children develop, it is imperative to
understand parent—child interactions, that is how the
association between parenting and child development
may be moderated by child characteristics. To date, few
studies have specifically focused on the role of child
negative emotionality. Negative emotionality is a key
dimension of temperament that can be observed early
on and has been associated with academic achieve-
ment (Checa & Abundis-Gutierrez, 2017, Gumora &
Arsenio, 2002; Potmesilova & Potmesil, 2021; Valiente
etal., 2010). Thus, understanding the interplay between
child negative emotionality and maternal stimulation
could refine the understanding of child development.
Some studies on parent—child interactions found that
children with high negative emotionality when exposed
to inefficient or unresponsive parenting were more
likely to experience behavior problems than children
with low negative emotionality (Lengua et al., 2000;
Morris et al., 2002). This form of interaction supports
the diathesis-stress model (Monroe & Simons, 1991;
Zuckerman, 1999). It posits that vulnerable children
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(i.e., children with nigh negative emotionality) are
more likely to be negatively affected by an adverse
environment, but develop normally and similarly to
non-vulnerable children in an adequate environment
(e.g., when exposed to adequate parental stimulation)
(Monroe & Simons, 1991; Zuckerman, 1999). However,
some studies on parent—child interactions found that
children with high negative emotionality, when exposed
to efficient or responsive parenting, were more likely
to experience less behavior problems than children ex-
pressing low negative emotionality (Rioux et al., 2018;
Slagt et al., 2016). This form of interaction supports
the differential susceptibility model (Belsky, 2005).
It posits children with high negative emotionality are
not necessarily vulnerable, but are especially sensitive
to environmental influences during development, ‘for
better and for worse’ (Belsky et al., 2007). This model
suggests that children with high negative emotional-
ity may be negatively affected by a suboptimal envi-
ronment (e.g., inadequate parental stimulation), but
benefit from a positive environment (e.g., appropriate
parental stimulation). Notably, the model suggests
that children with high negative emotionality may out-
perform their peers with low negative emotionality in
terms of academic achievements when exposed to a
positive environment, whereas children with low neg-
ative emotionality may be less sensitive to their envi-
ronment and develop similarly in most environments
(Belsky et al., 2007). Indeed, negative emotionality
can be seen as a biologically based sensitive factor due
to the proneness of the nervous or biological systems
of some children to react to stimuli in the environ-
ment, including parenting (Boyce & Ellis, 2005; Ellis
et al., 2011).

A growing body of research supports the differen-
tial susceptibility model when studying interactions
between child temperament and parenting in predict-
ing child behavior (Belsky et al., 1998; Kochanska
et al., 2011; Mesman et al., 2009; Park et al., 1997; Rioux
et al., 2018; Slagt et al., 2016), as well as academic per-
formance (Poehlmann et al., 2012; Stright et al., 2008).
In addition, recent studies found evidence for the role
of gene—environment interactions in various develop-
mental outcomes, which supports the differential sus-
ceptibility model for behavior (Bakermans-Kranenburg
& van Ijzendoorn, 2006; Kochanska et al., 2011; Sheese
et al., 2007) and cognitive development (Jimenez
et al., 2020; Plak et al., 2015). However, only two stud-
ies have specifically focused on the interaction between
child temperament and maternal stimulation as a pre-
dictor of academic readiness and academic achievement
(Poehlmann et al., 2012; Stright et al., 2008). Among
them, only one study specifically focused on child nega-
tive emotionality (Stright et al., 2008), creating the need
for further studies investigating this question.

Since many academic difficulties begin early in
the elementary school years (Jimerson et al., 2000),

understanding the interplay between emotional neg-
ativity and parenting practices prior to school entry
could be a promising avenue to help prevent academic
underachievement. Using a 7-year prospective lon-
gitudinal design, the aim of the present exploratory
study was to confirm the interplay between early neg-
ative emotionality (Smonths) and maternal stimulation
(5months—2"2years) in the prediction of academic read-
iness and achievement at school entry (6 and 7years).
We hypothesized that child negative emotionality would
moderate the association between maternal stimulation
and academic outcomes. Specifically, in line with the
differential susceptibility model, we expected that highly
emotionally negative children would present higher aca-
demic readiness and performance levels than low emo-
tionally negative children when their mothers provide
higher levels of stimulation.

METHOD
Participants

Data were drawn from the Quebec Longitudinal Study
of Child Development Study (QLSCD), a representa-
tive cohort of infants born in the Canadian province of
Quebec, between October 1997 and July 1998 and con-
ducted by the Quebec Statistic Institute. The initial sam-
ple was selected from the Quebec Master Birth Registry
of the Ministry of Health and Social Services based on
living area and birth rate. Exclusion criteria included
multiple pregnancies, birth before 24 or after 42 weeks
of amenorrhea, and illiteracy in French and English. A
total of 2120 families were recruited and followed up by
trained interviewers at ages Smonths, 1%, 2Y2, 35,4, 5, 6,
and 7years. Ethics approval and written informed con-
sent were obtained from the primary caregiver at each
data collection wave. The study protocol was approved
by the Quebec Statistic Institute and the Sainte Justine
Hospital Research Center ethics committees. Further
details on participant recruitment, selection, and attri-
tion are available elsewhere (Orri et al., 2020).

Measures
Child negative emotionality

Child negative emotionality was assessed by mothers
at Smonths using the Infancy Difficult Temperament
subscale from the validated Infant Characteristics
Questionnaire (Bates et al., 1979). The difficultness
subscale was used to capture the degree of difficulty
a child presents to his parents when compared to
typical or ‘average’ babies (e.g., “how easily does he/
she get upset?”, “how much does he/she cry and fuss
in general?”) and used as an indicator of negative
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emotionality (Vitaro et al., 2006). Response categories
ranged from 1 (low negative emotionality) to 7 (high
negative emotionality). The Cronbach a was .79 at
Smonths.

Maternal stimulation level

Age-appropriate maternal stimulation (e.g., organiza-
tion of the temporal environment of the child, number
and quality of appropriate toys, involvement with the
child, opportunities taken to diversify the stimulation)
level was assessed by a trained interviewer after fam-
ily home visits at Smonths, 12, and 2'2years using a
standardized subscale of the Home Observation for
Measurement of the Environment Inventory Short-
Form (Bradley, 1993). This 5-item subscale measured
the frequency with which the mother spoke to her in-
fant while working or performing her daily activities,
encouraged her infant's developmental progress, pro-
vided him/her with toys that motivated his/her devel-
opment, encouraged playing with toys stimulating his/
her development, encouraged playing with educational
toys, and structured her child's play periods. Response
categories ranged from 1 (never) to 5 (always). Because
parenting behaviors are relatively stable during child-
hood (Holden & Miller, 1999), and to maximize our
repeated measurements as well as use the most reliable
estimation of maternal stimulation level, a mean score
over the three assessment points was calculated. There
was moderate stability of the scores over the assess-
ment points: Smonths to 12years, r=.38 (p<.001) and
12 to 2%z years, r=.36 (p<.001). The Cronbach's a was
.86 at Smonths, 1%, and 2'2years.

Academic readiness and achievement

Preschool assessments were done by a trained inter-
viewer during the spring of 2004. Academic readiness
was assessed using the Lollipop Test-Revised Edition,
a validated test (Venet et al., 2003) evaluating chil-
dren's cognitive skills with four subtests: identification
of colors and shapes, spatial recognition, identification
of numbers and counting, and identification of letters
and writing (Chew & Chew, 1989). Receptive vocabu-
lary was assessed using the Peabody Picture Vocabulary
Test-Revised (PPVT-R; Dunn & Dunn, 1981; Dunn
et al., 1993) which measures receptive vocabulary in chil-
dren, in either French or English.

First-grade assessments were done by the teacher
during the spring of 2005. Mathematics achievement
was assessed using the Number Knowledge Test (NKT),
which measures basic knowledge and understanding of
numerical concepts (Case & Okamoto, 1996; Garon-
Carrier et al., 2018). Reading achievement was assessed
using the reading comprehension and decoding subtests

of the Kaufman Assessment Battery for children (k-ABC;
Kaufman & Kaufman, 1983). As the scores of these two
subtests were highly correlated (r=.78), they were aver-
aged to create a reading score. All outcome measures
were converted into an IQ-type scale for further analyses
(i.e., M=100, SD=15).

Covariates

Child sex and family socioeconomic differences in tem-
perament and academic outcomes were expected (Olino
et al., 2013). Family socioeconomic status was estimated
using five items concerning annual gross income, paren-
tal educational level, and parental occupation. The score
ranged from —3 to 3 and was centered at 0, with higher
scores indicating higher socioeconomic status. In addi-
tion, we controlled our analyses for child age at the time
of test administration (in years; for all the outcomes)
and language of test administration (French or English)
for tests with a language component (i.e., PPVT-R and
k-ABC), since it may be related to test scores.

Data analyses

Statistical analyses aimed at testing the moderating
effect of child negative emotionality on the associa-
tion between maternal stimulation and child academic
readiness and achievement at 6 and 7years. We followed
Belsky et al's (2007) recommendation to test the dif-
ferential susceptibility model. Thus, for each outcome,
a serie of two-step regression analyses (path analyses)
were conducted. The first set of models included child
sex, family socioeconomic status, child age at the time of
test administration, language of test administration (for
tests with a language component), child negative emo-
tionality, and maternal stimulation level. The second set
of models included the interaction term between child
negative emotionality and maternal stimulation level.
Both child negative emotionality and maternal stimula-
tion were standardized before inclusion in the analyses.
Models were estimated using maximum likelihood with
robust standard error estimations to account for non-
normal distribution (Kaplan et al., 2009). The full infor-
mation maximum likelihood (FIML) method was used
to account for missing data. We examined model fit using
the comparative fit index (adequate if >.95), root mean
square error of approximation (adequate if <.05), and
the standardized root mean square residual (adequate
if <.08) (Tabachnick & Fidell, 2012). The Benjamini—
Hochberg correction (Benjamini, 2010) was applied to
take into account multiple testing in our analyses.

The effects of maternal stimulation on the outcomes
were plotted as a function of child negative emotion-
ality. Whenever a significant interaction was found,
simple slope analyses were conducted to determine the
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nature of the interaction (i.e., ordinal or disordinal)
between maternal stimulation and the outcome at rel-
atively high (+1 SD) or low (=1 SD) child negative emo-
tionality scores.

To further evaluate if the significant interactions
were consistent with the differential-susceptibility
model, we identified their ‘region of significance’ (RoS)
on X (Kochanska et al., 2011). The RoS on X identi-
fied, within the range of maternal stimulation level
values, where children who had high and low negative
emotionality scores significantly differed in academic
readiness or achievement. When they differed at only
low levels of maternal stimulation, then the RoS sup-
ported a diathesis-stress model (i.e., an ordinal inter-
action). When they differed at both low and high levels
of maternal stimulation, it supported a differential
susceptibility model (i.e., a disordinal interaction). We
also presented the Johnson—Neyman plots to visualize
the values of the moderator for which the slope of ma-
ternal stimulation was significant. Because the RoS is
influenced by sample size, we also estimated the “pro-
portion affected (PA) index” (Roisman et al., 2012). It
allowed us to quantify the degree to which an inter-
action is consistent with the differential susceptibility
model by estimating the proportion of the sample dif-
ferentially influenced by child negative emotionality,
that is, the proportion of the sample above the cross-
over point and benefiting from maternal stimulation
(Roisman et al., 2012). Values around 0.50 support the
differential susceptibility model, while values around
0 support the diathesis-stress model. However, as
suggested by Roisman et al. (2012), a PA index above
0.16 might suggest a differential susceptibility model
(Roisman et al., 2012). Finally, we examined the lin-
earity of the relation to ascertain that the highlighted
differential susceptibility models were not nonlinear
relations, which would support the diathesis-stress
model (Roisman et al., 2012).

All analyses were weighted using sampling weights
to handle sample attrition and approximate the initial
target population with regard to sociodemographic
characteristics at 5Smonths. However, we conducted
sensitivity analyses to appraise the impact of missing
data by rerunning the regression analyses without the
inverse probability weights. We also conducted sen-
sitivity analyses investigating each Lollipop subtest
score separately.

RESULTS
Participants

Of the 2120 participants included at baseline, 2081
(98.16%) provided information on child negative emo-
tionality at Smonths and on maternal stimulation level
from Smonths to 2%z years. Of those, sample sizes varied

for academic outcomes: n=1188 (56.04%) for academic
readiness, n=1121 (52.88%) for receptive vocabulary
test, n=1448 (68.30%) for mathematics achievement, and
n=1404 (66.23%) for reading skills. Those participants
differed slightly from the original sample on socio-de-
mographic characteristics (Table S1). There was a ten-
dency for boys and underprivileged families to be lost to
follow-up.

Descriptive statistics

The sample included slightly less boys (47%) than girls
(53%). Child negative emotionality mean score was 2.70
(SD=1.60, skewness=0.63, kurtosis=0.11) and maternal
stimulation level mean score was 4.49 (SD=1.68, skew-
ness=0.11, kurtosis=—0.19). The mean ages at the time
of test administration were 6.24 years (SD=0.26) for the
academic readiness test, 6.14 (0.25) for the receptive vo-
cabulary test, 7.15years (SD=0.04) for the mathematics
test, and 7.15 (0.26) for the reading achievement test.
The average score was 57.78 (SD=6.95, skewness=—1.43,
kurtosis=3.21) for academic readiness, 80.35 (SD=17.15,
skewness=—0.78, kurtosis=1.04) for receptive vocabu-
lary, 19.71 (SD=3.93, skewness=—0.58, kurtosis=0.31)
for mathematics achievement, and 22.81 (SD=10.65,
skewness=—0.20, kurtosis=—0.88) for reading achieve-
ment. Pearson correlation coefficients between out-
comes ranged from .40 to .57 with all p-values<.01. It
should be noted that a small proportion of the children
took the receptive vocabulary test (7.05%) and the read-
ing achievement test (6.13%) in English.

Table 1 presents correlations between variables which
were used in regression analyses for each outcome.
Maternal stimulation level was positively correlated with
family socioeconomic level and child's age at the time of
test administration; mothers with higher socioeconomic
status were reported to have higher levels of maternal
stimulation. All outcomes were positively correlated
with family socioeconomic status, child's age at the time
of test administration, and maternal stimulation level.
Thus, children of mothers with a higher stimulation level
had higher academic readiness and achievement scores.
Language of test administration was correlated with re-
ceptive vocabulary and reading achievement scores, with
higher scores for tests taken in French. Child sex was
correlated with academic readiness at 6years: girls had
higher scores. There were no significant correlations be-
tween child negative emotionality, academic readiness,
and achievement.

In addition, there were no significant correlations be-
tween child negative emotionality and maternal stimu-
lation level. Indeed, within the differential susceptibility
model, they are required to be independent (Belsky &
Pluess, 2009). Thus, to respect this assumption and to
control for any potential correlation, maternal stimula-
tion level was regressed on child negative emotionality,
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TABLE 1 Correlations® among the study variables for each outcome, QLSCD® cohort.
Academic readiness (Lollipop) at 6 years, n=1188
Variable 1 2 3 4 5 6
1. Sex -
2. Socioeconomic status .02 -
3. Child's age at the time of test administration -.006 .005 -
4. Language of test administration (English) - - - -
5. Maternal stimulation .02 (18 7% - -
6. Child negative emotionality .006 .02 —.10%** - -.03 -
7. Academic readiness (Lollipop) A7EE 30k 2%k - 4% -.03
Receptive vocabulary (PPVT) at 6 years, n=1121
Variable 1 2 3 4 5 6
1. Sex -
2. Socioeconomic status .01 -
3. Child's age at the time of test administration -.01 .01 -
4. Language of test administration (English) -.02 -.05 -.02 -
5. Maternal stimulation .02 18k 08** -.03 -
6. Child negative emotionality .01 .04 —.08%* .02 -.03 -
7. Receptive vocabulary (PPVT) .003 28¥** 2% 21Fx* 7 .02
Mathematics achievement (NKT) at 7 years, n=1448
Variable 1 2 3 4 5 6
1. Sex -
2. Socioeconomic status .02 —
3. Child's age at the time of test administration -.02 -.01 -
4. Language of test administration (English) - - - -
5. Maternal stimulation .05 21 L08** - -
6. Child negative emotionality -.007 .05 -.07 - -.02 -
7. Mathematics achievement (NKT) -.04 ) o 10*** - 4% .03
Reading achievement (k-ABC) at 7 years, n=1404
Variable 1 2 3 4 5 6
1. Sex -
2. Socioeconomic status .03 —
3. Child's age at the time of test administration -.02 .004 -
4. Language of test administration (English) -.01 -.03 .008 -
5. Maternal stimulation .05 21 .09%** -.02 -
6. Child negative emotionality .008 .05 —.07** —.008** -.02 -
7. Reading achievement (k-ABC) .01 28¥** 1FE* 5% 7R .04

Abbreviations: k-ABC, Kaufman Assessment Battery for children; NKT, Number Knowledge Test; PPVT, Peabody Picture Vocabulary Test.

#Calculated as Pearson correlation coefficient for correlation between continuous variables, as point biserial correlation coefficient for correlation between
dichotomous and continuous variables, and as phi correlation coefficient between dichotomous variables.
"Data were compiled from the final master file of the Quebec Longitudinal Study of Child Development (1998-2005), ©Gouvernement du Québec, Institut de la

Statistique du Québec.
*p<.05; ¥*p<.01; ***p<.001.

saving the residuals for inclusion in subsequent sensi-
tivity analyses, as it has been done in previous studies
(Ramchandani et al., 2010; Rioux et al., 2016). Findings
remained the same when original or residual levels were
used (Table S2; Figure S1).

Main and interaction effects

Results of regression analyses with main and interac-
tion effects are presented in Table 2. A main effect was
observed in the first step. A higher level of maternal
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stimulation was significantly associated with higher academic readiness and at —1.98 and 0.27 for math-
academic readiness and achievement scores (f=1.64 ematics achievement, supporting the differential
(p<.01), p=2.18 (p<.001), p=1.55 (p<.01), and p=2.18 susceptibility model. It indicates that the regression
(p<.001), for academic readiness, receptive vocabu- lines of low and highly emotionally negative children
lary, mathematics achievement, and reading achieve- were significantly different when maternal scores
ment, respectively). In the second step, significant  were outside of these boundaries. Jonhson—Neyman
interactions between child negative emotionality and  plots are presented in Figure S4. The PA indexes were
maternal stimulation were found when predicting aca- 0.68 for academic readiness and 0.32 for mathematics
demic readiness at 6years (AR*=.01) and mathemat- achievement. Associations were similar in the sensi-
ics achievement at 7years (AR*=.01) only. The simple tivity analyses (Table S3; Figure S2). Firstly, showing
slope analyses showed that the influence of maternal that a higher level of maternal stimulation was sig-
stimulation on academic readiness and mathemat- nificantly associated with better academic readiness
ics achievement was significant for highly emotion- and achievement scores (all p-values<.01). Secondly,
ally negative children, but not for low emotionally showing a significant interaction term between child
negative children (Figure 1). RoS on X indicated that  negative emotionality and maternal stimulation when
slightly emotionally negative (=1 SD) and highly emo- predicting academic readiness at 6 years and mathe-
tionally negative (+1SD) children differed in their = matics achievement at 7 years. No significant interac-
academic readiness and mathematics achievement tion between child negative emotionality and maternal
at lower and higher levels of maternal stimulation, stimulation was found when predicting receptive vo-
with lower and upper bounds at —1.82 and 0.24 for  cabulary and reading achievement.

(a) (b)
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FIGURE 1 Maternal stimulation level between Smonths and 2/2years by child negative emotionality at Smonths predicting academic
readiness and performance at 6 and 7 years in the QLSCD cohort® (weighted results). “Data were compiled from the final master file of the
Quebec Longitudinal Study of Child Developement Study (1998-2005), ©Gouvernement du Québec, Institut de la Statistique du Québec.
Sample size for academic readiness (Lollipop): low negative emotionality (below —1 SD)=174, average negative emotionality (between —1 SD
and +1 SD)=2819, and high negative emotionality (above +1 SD)=195. Sample size for receptive vocabulary (Peabody Picture Vocabulary Test
[PPVT]): low negative emotionality (below —1 SD)=163, average negative emotionality (between —1 SD and +1 SD)=777, and high negative
emotionality (above +1 SD)=181. Sample size for mathematics achievement (Number Knowledge Test [NKT]): low negative emotionality (below
—1SD)=228, average negative emotionality (between —1 SD and +1 SD)=996, and high negative emotionality (above +1 SD)=224. Sample size
for reading achievement (Kaufman Assessment Battery for children [k-ABC]): low negative emotionality (below —1 SD)=223, average negative
emotionality (between —1 SD and +1 SD)=959, and high negative emotionality (above +1 SD)=222.

95UB017 SUOWIWOD SA 181D 8|geo!dde aup Ag peusencb ale sejoile YO 9Sn Jo S9N Joj Akeuq i 8UIJUQ A8]IM UO (SUONIPUOD-pUE-SWRILI0O" A3 1M ATeIqjeul juo//SAny) SUONIPUOD Pue SWLB | 81 88S " [1Z0Z/T0/0T] uo AkeidiTauljuo 48] ‘Xrespiog 8@ 81SIAIUN A] G¥OKT ABPO/TTTT OT/I0P/WO0D" A8 | Akeiq1|pul|Uoposs//Sdny Wwolj pepeojumod ‘0 ‘vZ98.9%T



TEMPERAMENT, STIMULATION AND ACADEMIC ACHIEVEMENT

DISCUSSION
Main findings

This population-based prospective study revealed that
a higher level of maternal stimulation during infancy
was associated with higher academic readiness and
achievement outcomes at ages 6 and 7 years. Moreover,
our findings revealed that maternal stimulation and
early child negative emotionality interacted to predict
academic readiness at age 6years and mathematics
achievement at age 7years. These interactions sup-
ported the differential susceptibility model whereby
highly emotionally negative children were more suscep-
tible to the effects of both low and high levels of mater-
nal stimulation in the development of their academic
readiness and mathematics achievement. Despite weak
main and interaction effects, our results remained sta-
tistically significant after adjusting for family socio-
economic status, indicating that maternal stimulation
might benefit child academic abilities independently
from socioeconomic level of the family. These results
are consistent with previous studies showing that
parenting, including maternal stimulation, interacts
with infant temperament to predict academic readi-
ness and achievement (Poehlmann et al., 2012; Stright
et al., 2008).

Interpretation of the findings

As suggested by the results, low emotionally nega-
tive children may be less sensitive to environmental
influence, as it relates to school success, while highly
emotionally negative children may be more sensitive.
Because of this higher sensitivity, high and appropri-
ate levels of maternal stimulation might be particu-
larly beneficial to develop cognitive abilities, resulting
in higher levels of academic readiness and achieve-
ment among highly emotionally negative children.
Conversely, low or inappropriate maternal stimula-
tion, such as a lack of responsiveness or support during
the child's activities, may be particularly detrimental
for sensitive children. Several lines of evidence in-
dicate that highly emotionally negative children are
more likely to repeatedly experience demoralizing neg-
ative feedback from their caregivers (Gauvain, 2006).
Our results as well as previous findings suggest that
in the context of positive feedback (i.e., high positive
maternal stimulation and responsiveness), the emo-
tionally negative child may have the opportunity to
develop particularly high levels of cognitive skills,
social skills, self-control, and cooperativeness (Early
et al., 2002; Kochanska, 2005; Rothbart et al., 1994;
Stright et al., 2008).

Also, child negative emotionality may be associ-
ated with parenting practices (Bates et al., 2012). For

CHILD DEVELOPMENT

instance, mothers may have difficulties responding to
the needs of an irritable infant, causing worry and fa-
tigue for the mother, thus altering the mother—child re-
lationship. This can set into motion a series of negative
interactions increasing child's negative emotionality
with deleterious consequences on child's higher think-
ing and regulation (Blair, 2002). These results suggest
that maternal stimulation during early childhood con-
tributes to the establishment of a positive academic
trajectory that might have long-term consequences on
academic and personal achievements. This highlights
the need to promote high and appropriate levels of
maternal early stimulation aiming at fostering child's
emotional capabilities for the promotion of academic
readiness and achievement.

Interestingly, our results supported the differential
susceptibility model regarding academic readiness (es-
pecially identification of numbers, counting, and spatial
recognition) and mathematics achievement (Table S4;
Figure S3). While it was not the case for receptive vo-
cabulary and reading achievement measures, with which
maternal stimulation level was positively associated in-
dependently from infant negative emotionality. These
results are in line with discrepancies shown in previous
results that have reported inconsistent associations be-
tween infant negative emotionality and child vocabu-
lary and reading achievements (Gartstein et al., 2016;
Liu et al., 2018; Molfese et al., 2010; Valiente et al., 2010).
Similarly, these results are consistent with a study in
which infant negative emotionality has been associated
with mathematics achievement, although the mecha-
nisms underlying this association are not yet completely
understood (Valiente et al., 2010). As negative emotion-
ality has been negatively associated with executive func-
tions (Liu et al., 2018), it is possible that child negative
emotionality overwhelms higher cognitive processes
required for mathematics achievements (e.g., recollec-
tion, cognitive flexibility, problem-solving) (Blair, 2002;
Blankenship et al., 2015). Results are also consistent with
studies in which maternal stimulation has been positively
associated with both letter-related (Rodriguez & Tamis-
LeMonda, 2011; Vallotton et al., 2017) and mathemat-
ics-related achievements (Casey et al., 2018; Lombardi
et al., 2017). Our results add to this literature by suggest-
ing that the opportunities for dyadic interactions with
the environment provided by child positive and negative
emotionality can modify the acquisition of non-verbal
(i.e., mathematical and spatial) skills, but not the acqui-
sition of verbal skills (i.e., reading and vocabulary). They
also add to the literature about the differential suscep-
tibility model by reinforcing our knowledge about the
role of child negative emotionality as a sensibility fac-
tor. Especially, while previous studies have suggested
that child negative emotionality may be a vulnerability
factor when exposed to inefficient or unresponsive par-
enting—in line with the diathesis-stress model (Lengua
et al., 2000; Morris et al., 2002), our results suggest that
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child negative emotionality may be a sensibility factor
to environmental influences that could be overlooked
when investigating the association between parenting
and child academic achievement. Furthermore, our re-
sults expand the differential susceptibility literature
by investigating domains-specific academic outcomes
assessed at different time points. We also extended
previous studies which focused on social skills and re-
lationships with teachers and peers (Stright et al., 2008)
and preterm infants (Poehlmann et al., 2012) by inves-
tigating domain-specific aspects of academic readiness
and achievement (e.g., mathematics, reading, receptive
vocabulary) in the general population.

Strength and weaknesses of the study

This study had several strengths, including a large com-
munity-based sample, a prospective longitudinal design,
yearly follow-ups over the first 7years of life, and the use
of multi-reporter measures (maternal report for child
negative emotionality, interviewer reports for maternal
stimulation level, and test records for child academic
outcomes), avoiding shared method variance. In addi-
tion, the use of FIML to estimate models accounted for
missing data. Furthermore, our analysis did not use a
distal marker of parenting, but rather a specific one: ma-
ternal stimulation.

The study also has some limitations. First, while
stimulation is an important part of the parenting envi-
ronment, other aspects of parenting, such as support-
ing self-regulation, warm parenting, and authoritative
parenting are also important (Niklas & Schneider, 2017,
Pinquart, 2016; Rodrigues et al., 2021; Topor et al., 2010).
Interestingly, maternal stimulation levels were relatively
high in our sample, suggesting a limited variability.
Thus, our results may vary in samples presenting lower
maternal stimulation levels. Second, child negative emo-
tionality was assessed using maternal report only as
neither paternal nor non-parental reports were not avail-
able at Smonths, preventing inter-rater evaluation. The
emotional status of mothers may have confounded the
assessment (Vaughn et al., 1981), with more depressed,
anxious, or stressed mothers more likely to describe their
children as highly negatively emotional, and also more
likely to provide an inadequate level of stimulation to
their children. However, this putative confounding ef-
fect should not impact the observed interactions as they
showed that children described as highly negatively emo-
tional by their mothers might benefit from a high level
of maternal stimulation. It might have led to non-signif-
icant interactions by reducing the estimate of the effect.
Furthermore, previous studies testing the interaction be-
tween child negative emotionality and parenting in pre-
dicting children's behavioral or cognitive outcomes used
maternal assessment of their child (Mesman et al., 2009;
Stright et al., 2008), which has been shown to be reliable

and accurate (Rothbart & Bates, 1998). Third, the selec-
tive attrition among boys and socioeconomically disad-
vantaged families may have introduced a selection bias,
which was handled using sample weighting. However,
the repeated analyses without sample weighting led to
similar results, suggesting that this bias might be rather
low. Fourth, although we included sociodemographic
and socioeconomic covariates in the analyses, other
predictors of child academic readiness and achievement
were not included, and residual confounding may have
happened. Fifth, the study did not consider measures of
children's physiological regulation (e.g., neurobiological
stress reactivity) which have been found to moderate the
effects of parenting on child development (Obradovi¢
et al., 2010). Finally, the results were correlational and
did not allow for causal conclusions. Further experimen-
tal research would be needed to investigate whether per-
sonalized interventions based on child temperamental
characteristics would benefit child academic readiness
and achievement, as it has been suggested for child be-
havior (Nocentini et al., 2019).

In conclusion, the results of the present study showed
an interaction between children's negative emotional-
ity and maternal stimulation in infancy, when used to
predict important aspects of children's academic read-
iness and achievement at 5 and 6years, thus supporting
the differential susceptibility model. While all children
probably benefit from maternal stimulation during their
cognitive development, highly emotionally negative
children are particularly sensitive to such stimulation,
which may have long-term impacts on school readiness
and academic performance. Given the importance of
early academic readiness and achievement for later per-
sonal health and economic productivity, it is crucial to
understand how to provide optimal support to highly
emotionally negative children. Thus, early parenting in-
terventions aiming to support mothers in dealing with
highly emotionally negative infants may improve ac-
ademic readiness and achievement for these children
(Webster-Stratton & Reid, 2004, 2018).
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