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Abstract

Here we evaluate whether infant difficult temperament (6 months) functions as a vulnerability or more general plasticity factor when inves-
tigating effects of early-childhood parenting (8–42 months) on both positive and negative early-adolescent socioemotional development
(age 8–11 years). Using data from the Avon Longitudinal Study of Parents and Children (ALSPAC, N = 14,541) and a re-parameterized
model-testing approach to distinguish alternative person × environment conceptual models, results indicated that temperament × parenting
interacted in predicting externalizing (i.e., hyperactivity, conduct problems), but not other behavior (i.e., emotional symptoms, peer prob-
lems), in a (weak) differential susceptibility manner. While more and less supportive parenting predicted, respectively, fewer and more
behavior problems, it did so more strongly for children who were more difficult as infants.
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Humans are a highly plastic species, with experiences and expo-
sures, especially early in life, influencing individual differences in
development (e.g., Bornstein, 1989). This is not to say that genetic
factors are not influential, only that they are not the only source of
individual differences. Two widely embraced models of environ-
mental influence raise the prospect that there are actually individual
differences in developmental plasticity and environmental sensitiv-
ity. The classic diathesis−stress framework stipulates that some
individuals are more vulnerable than other (resilient) individuals
to the negative effects of contextual adversity, be that for genetic,
physiological, or temperamental reasons (Monroe & Simons,
1991; Zuckerman, 1999). An alternative to this “vulnerability”
model is that of differential susceptibility; it stipulates that individ-
uals vary more generally in their developmental plasticity such that
some are not only at particular risk when exposed to environmental
adversity, but also disproportionately likely to benefit from suppor-
tive or enriched developmental contexts− or even just benign ones
(Belsky, 1997a,b, 2005; Belsky, Bakermans-Kranenburg, & van
IJzendoorn, 2007; Belsky & Pluess, 2009, 2013; Ellis, Boyce,
Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2011). In
other words, instead of some individuals being only especially sus-
ceptible to the negative effects of adversity, differential susceptibility

thinking posits that such individuals are also particularly suscepti-
ble to the benefits of support and enrichment. Weak and strong
versions of both models can be distinguished. Strong models reflect
the fact that some individuals are highly susceptible, whereas others
are not at all; weak versions stipulate that all individuals are suscep-
tible, but some more so than others.

In child development research that focusses on vulnerability,
one individual difference characteristic that is significant is temper-
ament, especially difficult temperament in infancy (Rothbart &
Bates, 2006). Both negative emotionality, reflecting frequency,
intensity and proneness to distress, and difficult temperament,
which typically includes additional challenging behaviors (e.g.,
high activity, low adaptability), have been a long-standing focus
of research on Person × Environment interaction. Furthermore,
there is repeated evidence that negative emotionality/difficult tem-
perament in infancy and early childhood operates as a vulnerability
factor, consistent with diathesis–stress thinking (e.g., Belsky &
Pluess, 2011; Kochanska & Kim, 2012; Rothbart & Bates, 2006).
There is also evidence from other inquiries, including some by
the very same investigators, that this phenotypic characteristic func-
tions as a more general plasticity factor, in line with differential sus-
ceptibility thinking (Belsky, 2005; Kochanska, Aksan, & Joy, 2007;
Pluess & Belsky, 2009; Van Zeijl et al., 2007). Perhaps even more
notable are the results of intervention studies showing that highly
difficult/negatively-emotional infants and young children benefit
more than others from efforts to promote well-being early in life,
again consistent with the differential susceptibility model (Van
den Bergy & Bus, 2014; Cassidy, Woodhouse, Sherman, Stupica,
& Lejuez, 2011). All this should not be read to imply that different

Author for Correspondence: Xiaoya Zhang, Department of Human Ecology,
University of California, Davis, CA 95616; E-mail: xyazhang@ucdavis.edu

© The Author(s), 2021. Published by Cambridge University Press Press on behalf of Development and Psychopathology. This is an Open Access article, distributed under the terms of
the Creative Commons Attribution licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distribution, and reproduction in any medium, provided
the original work is properly cited.

Cite this article: Zhang X, Sayler K, Hartman S, Belsky J (2022). Infant temperament,
early-childhood parenting, and early-adolescent development: Testing alternative models
of Parenting × Temperament interaction. Development and Psychopathology   784–795,
https://doi.org/10.1017/S0954579420002096

doi:10.1017/S0954579420002096

Development and Psychopathology (2022), 34, 784–795

34:

https://doi.org/10.1017/S0954579420002096 Published online by Cambridge University Press

https://orcid.org/0000-0002-5425-8547
mailto:xyazhang@ucdavis.edu
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1017/S0954579420002096
Leochandar.S
Sticky Note
Unmarked set by Leochandar.S

Leochandar.S
Sticky Note
Unmarked set by Leochandar.S

http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S0954579420002096&domain=pdf
https://doi.org/10.1017/S0954579420002096


facets of temperamental difficulty early in life are always related to
the same developmental outcomes (Eisenberg et al., 2010; Rothbart
& Bates, 2006), after all, there is evidence that while early inhibition
forecasts later internalizing problems (e.g., Prior, Smart, Sanson, &
Oberklaid, 2000), limited self-regulation predicts later externalizing
ones (e.g., Mathiesen & Prior, 2006). What needs to be appreciated,
though, is that the issue under consideration in the current report is
not any direct links between early temperament and a future phe-
notype, but the role of early temperament in moderating environ-
mental effects.

In light of work indicating that negative emotionality or difficult
temperament can function as a vulnerability or a more general plas-
ticity factor, the recent meta-analysis of Slagt and associates (2016)
of Temperament × Parenting interaction research proves informa-
tive. Upon analyzing studies in which parentingwas operationalized
positively (e.g., warmth, positive control) or negatively (e.g., hostil-
ity, negative control), they discovered that when difficult tempera-
ment was measured in infancy, it operated as a general plasticity
factor, moderating positive and negative parenting effects in, respec-
tively, a “for-better-and-for-worse”manner (Belsky et al., 2007); yet
when it was assessed after 12 months of age it functioned only as a
diathesis, amplifying the adverse effects of negative parenting. There
would seem to be evidence, then, that negative emotionality/
difficult temperament can function as a general plasticity factor,
consistent with differential susceptibility theorizing, at least when
assessed in infancy. As the investigations included in the meta-
analysis revealed, most temperament × parenting research has
focused on either negative parenting (and its absence) or positive
parenting (and its absence), but rarely both. The current paper
aims to extend existing research by relying on a bipolar parenting
construct ranging from highly negative to highly positive, as recom-
mended by Belsky and Pluess (2009). This is important because
children who prove most and least susceptible to the beneficial
effects of positive parenting may− or may not− also prove differ-
entially susceptible to the adverse effects of negative parenting.

To summarize, it seems notable in light of theory and research
on variation in sensitivity to parenting that one phenotypic mod-
erator of the association between environmental exposure and
developmental functioning is negative emotionality/difficult tem-
perament manifested early in life. What remains unclear, given
the focus of most investigations on either positive or negative par-
enting, is whether difficult temperament in infancy functions as a
vulnerability or more general susceptibility factor. In the current
report, we thus seek to extend research on the role of difficult
temperament in moderating parenting effects by taking advantage
of a large, UK population study known as ALSPAC (i.e., Avon
Longitudinal Study of Parents and Children; www.alspac.bris.ac.
uk). In particular, we model this paper on the study by Belsky
and Pluess (2011) on the role of temperament in predicting ado-
lescent externalizing behavior and test the interaction of infant
difficult temperament and parenting in early childhood in pre-
dicting indices of both positive socioemotional development
(i.e., prosocial behavior) and negative socioemotional develop-
ment (i.e., hyperactivity, conduct problems, emotional symptoms,
peer problems) in early adolescence (i.e., ages 8−11 years).

Methodologically, we implemented the competitive and con-
firmatory model-testing analytic approach of Widaman et al.
(2012; Belsky, Pluess, & Widaman, 2013; Belsky & Widaman,
2018) that distinguishes diathesis stress from differential suscept-
ibility. It competitively evaluates the fit of both strong and weak
versions of each model. Thus, we used this approach with (a)
the largest sample studied to date examining the two models of

Person × Environment interaction, (b) while implementing a
quasi-experimental design focused on the third of children with
the most difficult temperament in infancy and the third of chil-
dren with the least difficult temperament. We proceeded in this
manner, given the large size of the ALSPAC sample, because it
insured that the two subgroups of children were indisputably dif-
ferent, temperamentally, as infants. Nevertheless, we also con-
ducted sensitivity analyses by testing regions of significance
(ROS) using the Johnson–Neyman technique (Johnson & Fay,
1950; Preacher, Curran, & Bauer, 2006) and by analyzing the
data with the temperament variable retained in its original, con-
tinuous form using the full sample instead of extreme groups.

Method

Participants and design

Data for this study come from the ongoing ALSPAC. This cohort
study was launched in the early 1990s in order to investigate mod-
ifiable influences on offspring’s health and development, among
many other topics. Pregnant women were enrolled who had esti-
mated delivery dates between 1 April 1991 and 31 December 1992
in the Avon area of England (Boyd et al., 2013; Fraser et al., 2013).
Further details of ALSPAC can be found at http://www.bristol.ac.
uk/alspac/. Please note that the study website contains details of
all the data that are available through a fully searchable data dic-
tionary and variable search tool (http://www.bristol.ac.uk/alspac/
researchers/our-data/). Ethical approval for the study was
obtained from the ALSPAC Ethics and Law Committee and the
Local Research Ethics Committees. Informed consent for the
use of data collected via questionnaires and clinics was obtained
from participants following the recommendations of the
ALSPAC Ethics and Law Committee at the time.

Given the large sample size, we implemented a
quasi-experimental design, by dividing children into three, equal-
sized, temperamental subgroups, reflecting high, moderate, and
low difficulty, using the composite temperament construct described
below. This meant focusing only on the third of children in the
highest and lowest temperament terciles, thereby insuring that no
child was likely miscategorized. Thus, a sample of initially 14,541
mother–child dyads was reduced, following multiple imputation
of the composite parenting and temperament constructs described
below on all dyads, to 4,849–5,049 dyads with highly difficult infants
and 4,951–5,015 dyads with the least difficult infants. These subsam-
ple sizes vary across the 20 rounds of imputation of missing data, as
also described below. In the sensitivity analysis with the full sample,
all 14,541 mother–child dyads were involved in the analyses.

Measures

Data for this report were collected repeatedly, beginning when
children were 6 months of age and extending to the child’s
11th year. Although we were not able to provide reliability statis-
tics for temperament and developmental outcome measures due
to lack of the item-level data, these measures have proved reliable
and valid in previous studies.

Difficult temperament. To measure infant difficult tempera-
ment, the moderator construct in this study, mothers completed
an adaptation of the Carey Infant Temperament Scale (CITS;
Carey & McDevitt, 1978) when their child was 6 months of
age. Since we sought to model this paper on Belsky and Pluess’s
(2011) prior work, using a much larger sample, we relied on
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the same five difficult-temperament-related subscales of CITS
which they did: (a) activity (e.g., “shows much bodily movement
[kicks, waves, arms] when given an injection”), (b) approach (e.g.,
“first reaction to any new procedure [first haircut, new medicine,
etc.] is objection”), (c) adaptability (e.g., “still wary or frightened
of strangers after 15 mins”), (d) mood (e.g., “cries when left to
play alone”), and (e) intensity (e.g., “reacts strongly to strangers:
laughing or crying”; see specific items in the Supplementary
Table S1). Mothers thus rated 51 behavioral descriptors with
respect to how often the baby manifested the behavior in question
using a 6-point Likert scale, ranging from 1 (almost never) to 6
(almost always), with higher scores reflecting a more difficult tem-
perament (see Supplementary Table S1 for items in each sub-
scale). In line with our quasi-experimental design, infants
scoring in the highest tercile were considered to have a difficult
temperament (coded as 1) and those scoring in the lowest tercile
were regarded as having an easy temperament (coded as 0).

Parenting. To assess parenting, the predictor construct in this
inquiry, we drew on previously created measures of parenting
from prior ALSPAC work focused on children aged 8, 24, 33,
38, and 42 months. All measurements were based on mother
reports of their parenting-related feelings and behavior. Three
previously identified and internally consistent parenting con-
structs (see Table 1 for items and scales for each construct),
found to be valid in prior work, reflected (a) supportive versus
unsupportive parenting (for consistency sake, labels of constructs
are the same as used by prior scholars: Waylen & Stewart-Brown,
2010; e.g., “I really enjoy this child”, “I dislike/hate the mess that
surrounds the child”), (b) hostility (Chong et al., 2016; e.g.,
“mother smacks child during tantrums”, “child is slapped”),
and (c) stimulating interaction (Gutman & Feinstein, 2010, e.g.,
“singing to child”, “showing picture books”). For each construct,
higher scores represent, respectively, more supportive parenting,
less hostility, and more stimulating interaction. All three sub-
scales, when subject to principal axis factoring with direct oblimin
rotation, loaded positively on a single factor (see Table 2). Thus,
the three scores were summed to create a composite index of sup-
portive versus unsupportive parenting, with higher composite
scores representing more supportive parenting.

Emotional and behavioral problems and prosocial behavior.
The dependent developmental constructs used in this report were
based on teachers’ responses to five subscales of the Strengths
and Difficulties Questionnaire (SDQ; Goodman, 1997) when chil-
dren were in school year 3 (Mage = 8.33, SDage = 3.74 months) and 6
(Mage = 11.17, SDage = 3.90 months). One SDQ construct, prosocial
behavior, was used to represent children’s positive functioning. The
other four SDQ problem-behavior constructs – hyperactivity, emo-
tional symptoms, conduct problems, and peer problems – were
each averaged across the two ages and then summed to create
the total problem score used in the primary analysis. Each subscale
includes five questions scored 0 (not true) to 2 (certainly true).
Higher scores reflect more problems.

Statistical analysis

Data analyses were conducted using online SAS OnDemand (SAS
Institute Inc. 2013). Without evidence showing that the mechanism
of missing values of our outcome variables (i.e., prosocial and prob-
lem behavior) is missing not at random (MNAR), we assumed the
data are missing at random (MAR). Therefore we first used multiple
imputation (MI; Rubin, 1987) with 20 imputed data sets to decrease
the bias caused by missing values (Gottschall, West, & Enders,

2012). We included Temperament × Parenting interaction in the
imputation model because previous works suggested that excluding
interaction terms introduces more bias in estimation (Tilling,
Williamson, Spratt, Sterne, & Carpenter, 2016). In addition,
although limited-range variables were included in the MI, we did
not restrict the range of imputed values because doing so could
result in biased estimates (Rodwell, Lee, Romaniuk, & Carlin,
2014). That is, MI could generate implausible values given its pur-
pose of estimating statistics rather than reproducing the values
that would otherwise exist had they not been missing. Results to
be reported reflect the pooled results from all 20 imputed data sets.

In our next step, we checked the correlation between temper-
ament and parenting because a significant association could com-
promise the interpretation of any detected temperament ×
parenting (i.e., suggesting temperament:parenting correlation;
Belsky et al., 2007). Because analysis of all 20 imputed data sets,
including all cases (i.e., not just those in the highest- and lowest-
difficulty groups), revealed a significant temperament-parenting
correlation (r =−.11, p < .001), primary analyses testing the
Temperament × Parenting interaction was carried out after statis-
tically adjusting the composite parenting variable for the compos-
ite temperament variable; this yielded a residual variable that
became the parenting construct of interest (see Table 3 for vari-
able correlations after adjusting for parenting variables).

The first and preliminary step before implementing Widaman
et al.’s (2012; Belsky et al., 2013) competitive and confirmatory
model testing approach was to determine, in a traditional regression
model (i.e., main effects followed by interaction), whether the inter-
action term yielded an F ratio around 1.0 or more, as this would
indicate that there was sufficient variation in the interaction term
to proceed with formal model testing (Belsky & Widaman, 2018).

Upon passing the just-mentioned screen, we proceeded to eval-
uate four re-parameterized models: weak and strong versions of
diathesis stress and of differential susceptibility (Belsky et al.,
2013; Widaman et al., 2012) with the extreme groups (i.e., children
with the most and the least difficult infant temperament). The key
difference between diathesis–stress and differential susceptibility
models is the placement of crossover point, which should be
around the middle of the environmental variable (i.e., parenting)
per differential susceptibility model and near the maximum
value of parenting per diathesis–stress model. The key difference
between weak and strong models, regardless of the paradigm, is
whether, in the case of the current inquiry, (a) both the most
and least difficult children appear affected by parenting, but with
the discerned parenting effect stronger for the more difficult tem-
peramental group (i.e., weak models) or (b) whether only in the
case of children with difficult temperaments as infants is there
an apparent effect of parenting (i.e., strong models).

Operationally, with the weak differential susceptibility model,
all parameters except the crossover point are relaxed, including
intercept, slope coefficients for both groups (i.e., children with
low and high difficult temperament). The crossover point was
fixed at the mean (i.e., 0) of the predictor variable (i.e., parenting)
to achieve a better model fit.1 Further constraining the slope on

1Although the original re-parameterization approach proposed by Widaman et al.
(2012; Belsky et al., 2013; Belsky & Widaman, 2018) relaxed the crossover point for dif-
ferential susceptibility models, the estimated crossover points yielded large standard
errors in our case. Therefore, at the recommendation of one anonymous reviewer and
upon consultation with Keith Widaman, we fixed the crossover point at the mean of
the parenting variable for the two differential susceptibility models; this resulted in
much-improved models.
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parenting for children with the least difficult infant temperament
to be 0 leads to the strong version of the differential susceptibility
model. Forcing the crossover point to be the maximum value of
parenting (i.e., 4.95) leads to the weak version of the diathesis–
stress model. Further constraining the slope on parenting for chil-
dren with the least difficult infant temperament to be 0 leads to
the strong version of diathesis–stress model (see Appendix for
the equations). We evaluated model fitting according to multiple
fit indices (i.e., Akaike information criterion [AIC], Bayesian
information criteria [BIC], R2).

Results

Primary analysis

Results of preliminary analysis provided support for proceeding to
model comparison in the case of the composite measure of total
child problems, but not prosocial behavior. Table 4 shows the
model fitting results for total behavior problems. Variance
explained (i.e., R2) and fit indices (i.e., AIC, BIC) proved most
consistent with the weak version of the differential susceptibility
model. Specifically, analysis of variance (ANOVA)-based nested
model comparison (i.e., strong models are nested in weak
model) revealed that this model explained more variance and
yielded a good fit to the data compared with other models.
This, coupled with the significant effect of parenting on both

children with histories of the most and the least temperamental
difficulty, supported the weak differential susceptibility model,
according to Widaman et al. (2012) criteria. Visual inspection
of Figure 1a provides additional support for this conclusion.

Secondary analysis

In an attempt to gain further insight into differential parenting
effects on children with the most and least difficult temperament
as infants, we decomposed the composite problem behavior out-
come and reran the analyses just described using its four compo-
nents as separate dependent variables. The full model-fitting
analysis could only be applied to the hyperactivity and conduct
problems components, however, as only these outcomes met the
Belsky and Widaman (2018) criteria of the Temperament ×
Parenting interaction in the preliminary regression analysis (F≥ 1.0).

For hyperactivity (see Table 5 and Figure 1b) and conduct prob-
lems (see Table 6 and Figure 1c), the form of interaction proved
similar to that discerned in the case of total behavior problems.
Thus, the same statistical conditions as described above provided
evidence that the weak differential susceptibility model fit the
data best when it comes to predicting hyperactivity and conduct
problems. That is, ANOVA-based model comparison revealed a
significant increase in explained variance (i.e., R2) by the weak
differential-susceptibility model relative to the nested models (i.e.,

Table 1. Parenting constructs, items, scales, and ages of measurement

Constructs Items Metrics
Measurement ages

(months)

Supportive versus
unsupportive

1. I really enjoy this child 1 = exact feeling; 4 = never feels 8, 33

2. I feel confident with my child 1 = exact feeling; 4 = never feels 8, 33

3. It is a great pleasure to watch my child develop 1 = exact feeling; 4 = never feels 8, 33

4. Having this child makes me feel fulfilled 1 = exact feeling; 4 = never feels 8, 33

5. I would have preferred that we had not had
this baby/ child when we did

1 = exact feeling; 4 = never feels 8, 33

6. I can’t bear hearing the child cry 1 = exact feeling; 4 = never feels 8, 33

7. I dislike/ hate the mess that surrounds the child 1 = exact feeling; 4 = never feels 8, 33

8. I feel I have no time to myself 1 = exact feeling; 4 = never feels 8, 33

Hostilitya

1. Child is slapped 1 = everyday; 5 = never 24

2. Mother shouts at child when naughty 1 = everyday; 5 = never 24

3. Mother shouts at child when naughty 1 = never; 5 = daily 42

4. Mother smacks child during tantrums 1 = never; 5 = daily 42

Stimulating
interaction

1. Singing to the child 1 = often; 4 = never 38, 42

2. Showing picture books 1 = often; 4 = never 38, 42

3. Playing with toys 1 = often; 4 = never 38, 42

4. Cuddling 1 = often; 4 = never 38, 42

5. Physically playing 1 = often; 4 = never 38, 42

Notes. Italicized items have been reverse coded.
aFor sake of consistency, higher scores of hostility construct represent less hostility.
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strong version of differential susceptibility and diathesis–stress
models) and model fit indices (i.e., AIC, BIC) suggested that the
weak differential susceptibility model fit the data best.

Sensitivity analyses

We conducted two sensitivity analyses. First, we conducted ROS
tests when predicting total problems, hyperactivity, and conduct
problems. The ROS with respect to the parenting variable are dis-
played in Figure 2, where the significant regions suggest that chil-
dren with the most difficult temperament exhibited significantly
more (i.e., slope of temperament > 0) and less (i.e., slope of tem-
perament < 0) problem behavior relative to children with the least
difficult temperament when they experience less (or not) and
more sensitive parenting, respectively.

Secondly, we replicated the primary analyses using the full
sample with temperament retained as a continuous variable.
Results proved generally consistent with those of our primary
analyses based on our quasi-experiment design (see
Supplementary Tables S2–S4). That is, differential susceptibility
models were preferred over diathesis–stress models, though it
proved impossible to distinguish between the weak and strong
versions of differential susceptibility in the case of hyperactivity
and conduct problems.

Discussion

Ever more evidence suggests that effects of parenting− and other
environmental exposures and developmental experiences – vary
across children, with some more susceptible to influence than
others (e.g., Belsky & Pluess, 2009, 2013; Ellis et al., 2011). In
line with this emerging understanding, the present study sought
to extend work on Temperament ×Parenting interaction− by
focusing on a large UK birth cohort and by evaluating whether
temperament-moderated effects of parenting proved consistent
with differential susceptibility theorizing or the diathesis–stress
model of Person × Environment interaction. Of note, the sample
size of this study, even upon elimination of the moderate-
temperament group in our quasi-experimental design, proved
substantially larger than all prior studies focused on the temper-
ament of infants and included in the recent meta-analysis Slagt,
Dubas, Deković, and van Aken (2016) of research on
Temperament × Parenting interaction.

Thus, using data on 6-month temperament, parenting mea-
sured across 8–42 months, and teacher assessments of prosocial
behavior and total problems in early adolescence, competitive
and confirmatory re-parameterization model testing indicated
that the moderating effect of temperament on problem behavior
proved most consistent with the weak version of the differential Ta
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Table 2. Factor loadings and reliability for the parenting measures

Measures
Factor
loadings Cronbach’s α

Parenting

Supportive versus
unsupportive

0.63 0.64 (8 months);
0.67 (33 months)

Hostility 0.32 0.63

Stimulating
interaction

0.31 0.67 (38 months);
0.66 (42 months)
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Table 4. Results for alternative models for total behavior problems in early adolescence

Standard parameterization

Re-parameterized regression equation

Differential susceptibility Diathesis–stress

Parameter
Parenting and temperament main

effects: Model 1
Effects and interaction of parenting and

temperament: Model 2 Parameter Weak: Model 3a Strong: Model 3b Weak: Model 3c Strong: Model 3d

B0 6.08(0.10)*** 6.08(0.10)*** B0 6.06(0.07)*** 6.06(0.07)*** 3.64(0.35)*** 5.90(0.10)***

B1 −0.63 (0.08)*** −0.54(0.10)*** B1 −0.71(0.12)*** −0.71(0.12)*** −0.63(0.08)*** −0.09(0.04)*

B2 −0.04(0.16) −0.04(0.16) C 0.00 (–)a 0.00 (–)a 4.95 (–)a 4.95 (–)a

B3 – −.17(0.26) B2 −0.54(0.10)*** 0.00 (–)a −0.62(0.08)*** 0.00 (–)a

R2 .0136 .0138 R2 .037 .029 .036 .019

F versus 1 – 1.33 F versus 3a – 83.08 – 192.74

df – 1, 86.23 df – 1, 9,912 – 1, 9,912

p – .25 p – <.0001 – <.0001

AIC 34,254.73 34,253.24 AIC 69,853.94 69,853.44 69,905.58 69,903.58

BIC 34,256.73 34,255.25 BIC 69,882.73 69,875.04 69,934.37 69,925.18

Notes. B0 represents intercept, C the crossover point. For Model 1, B1 and B2 represent the main effects of parenting and temperament (0 = least difficult and 1 =most difficult), respectively. For Model 2, B1 represents parenting effect for children with the
least difficult temperament, B2 main effect of temperament, B3 Parenting × Temperament interaction effect (i.e., difference in slope on parenting for children with the most relative to the least difficult temperament). For Model 3a–3d, B1 and B2
represent slope on parenting for children with the most and the least difficult temperament, respectively. Values in parentheses are standard errors. F versus 1 stands for an F test of the interaction in Model 2. F versus 3a stands for an F test of the
difference in R2 for a given nested model versus Model 3a.
AIC = Akaike information criterion; BIC = Bayesian information criteria
aParameter fixed at a certain value; SE is not applicable
*p < .05. ** p < .01. ***p < .001
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susceptibility model when implementing our extreme-group,
quasi-experimental design, including only children with the
most and least difficult temperaments as infants (in terms of ter-
ciles). While extreme-group designs are open to question, they
have a long and informative history of use in developmental
research on infant temperament (Fox, Henderson, Marshall,
Nichols, & Ghera, 2005; Kagan, Reznick, & Snidman, 1987). To
be clear, we adopted the extreme-group design for one specific
reason− to insure that high- and low-difficulty infants were indis-
putably different in terms of temperament. As already noted, it
seems noteworthy that the sensitivity analyses which included
all children with the temperament construct measured continu-
ously yielded results generally consistent with those of our pri-
mary, extreme-group approach.

Recall that results indicated that even though greater maternal
support forecast significantly fewer behavioral problems for both
children with more as well as less difficult temperaments, the pre-
dictive power of parenting proved greater in the case of the children
who had more difficult temperaments as infants. Just as notewor-
thy− and due to reliance on a parenting measure that ranged
from highly supportive to highly unsupportive – was the discovery
(using ROS analysis) that this differential developmental response
to parenting of the two groups of children involved both more
and less supportive parenting. In other words, the children with dif-
ficult temperament as infants proved more “susceptible” than the
others to both unsupportive and supportive parenting in this
work, that is, “for better and for worse” (Belsky et al., 2007). Of
note, this result regarding children’s total problem behavior was
replicated in sensitivity analyses using the full sample, a continuous
rather than categorical parameterization of difficult temperament,
and ROS testing (rather than model comparison). It is also note-
worthy that early-childhood parenting predicted early-adolescent
functioning, a period of substantial development. Nevertheless,
we would be remiss in highlighting these findings if we did not
make clear that the effects under consideration were small in mag-
nitude and that the great power of a large sample no doubt
enhanced our ability to detect them.

When we decomposed the composite index of problem behav-
ior in order to gain further insight into the findings just summa-
rized, evidence indicated that the just-highlighted result
pertaining to the total problem-behavior composite appeared
driven by the differential effects of parenting on children’s hyper-
activity and conduct problems, but not emotional symptoms or
peer problems. Theory and empirical evidence suggest that hyper-
activity and conduct problems represent externalizing problems,
whereas emotional symptoms and peer problems reflect internal-
izing ones (e.g., Goodman, Lamping, & Ploubidis, 2010). Therefore,

our results would seem to indicate that the weak differential sus-
ceptibility effect under consideration only emerged when forecast-
ing externalizing problems (i.e., hyperactivity, conduct problems),
not internalizing ones (i.e., emotional symptoms, peer problems).
This indicates that children with the most difficult temperament
as infants proved somewhat more susceptible to parenting effects
when it came to the development of externalizing behavior prob-
lems (i.e., hyperactivity, conduct problems), but not internalizing
ones (i.e., emotional symptoms, peer problems). Parenting showed
no main effect in the case of internalizing problems; only difficult
temperament showed main effects in predicting emotional symp-
toms in particular (β = 0.09, p = .03).

It is perhaps not surprising that temperament × parenting inter-
acted in predicting externalizing problems (i.e., hyperactivity, con-
duct problems). Such a finding may have emerged because
supportive parenting promotes children’s development of self-
regulation, thereby undermining the risks of externalizing problems
(Eisenberg et al., 2005). In addition, children with a history of diffi-
cult temperament may be especially in need of externally imposed
positive control in the form of supportive parenting in early child-
hood (Albers, Beijers, Risken-Walraven, Sweep, & de Weerth, 2016).
Consequently, they are at higher risk of externalizing problems
when experiencing unsupportive parenting, but at the same time
disproportionately likely to exhibit low levels of problem behavior
when exposed to supportive parenting. An alternative explanation
of such “for-better-and-for-worse” Temperament × Parenting inter-
action is that difficult temperament may serve as a proxy for some
genetic markers of susceptibility in developing externalizing prob-
lems, which needs to be explored (Belsky et al., 2009).

With regard to the prediction of internalizing problems, our
failure to detect the main effects of parenting while chronicling
a main effect of temperament in predicting emotional symptoms
is consistent with prior work. For example, Stoltz, Beijers,
Smeekens, & Deković (2017) documented a predictive effect of
5-year-olds’ negative affectivity but not parenting behavior on
internalizing problems of 11-year-olds (Stoltz et al., 2017).
Consider also Pettit and associates’ (2008) intergenerational
study which found that parental and grandparental history of
major depression predicted children’s internalizing problems
more strongly than parental partner status and relationship qual-
ity (Pettit, Olino, Roberts, Seeley, & Lewinsohn, 2008). Might
these similar results be due to a stronger effect of genetics on
internalizing than on externalizing problems?

Another possibility of our failure to detect either main effects of
parenting or a Temperament × Parenting interaction in the case of
internalizing problems could have been due to our measure of tem-
perament. Perhaps regulative characteristics, not captured by our

Figure 1. Parenting × Temperament interaction pattern for total problems (a), hyperactivity (b), and conduct problems (c). Solid lines represent children with highly
difficult temperament, whereas dotted lines represent children with the least difficult temperament.
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Table 5. Results for alternative models for hyperactivity in early adolescence

Standard parameterization

Re-parameterized regression equation

Differential susceptibility Diathesis–stress

Parameter
Parenting and temperament main

effects: Model 1
Effects and interaction of parenting and

temperament: Model 2 Parameter Weak: Model 3a Strong: Model 3b Weak: Model 3c Strong: Model 3d

B0 2.65 (0.05)*** 2.65(0.05)*** B0 2.56(0.03)*** 2.56(0.03)*** 1.17(0.19)*** 2.54(0.05)***

B1 −0.36 (0.04)*** −0.33(0.04)*** B1 −0.40(0.05)*** −0.40(0.05)*** −0.34(0.04)*** −0.01(0.02)

B2 −0.17(0.07)*** −0.17(0.07)* C 0.00 (–)a 0.00 (–)a 4.95 (–)a 4.95 (–)a

B3 – −0.07(0.06) B2 −0.33(0.04)*** 0.00 (–)a −0.38(0.04)*** 0.00 (–)a

R2 .022 .023 R2 .052 .041 .052 .025

F versus 1 – 1.16 F versus 3a – 108.93 – 273.90

df – 1, 105.43 Df – 1, 9,912 – 1, 9,912

p – .28 P – <.0001 – <.0001

AIC 18,862.93 18,862.09 AIC 53,540.60 53,502.36 53,742.51. 53,740.51

BIC 18,864.93 18,864.10 BIC 53,569.40 53,523.95 53,771.30 53,762.10

Notes. B0 represents intercept, C the crossover point. For Model 1, B1 and B2 represent the main effects of parenting and temperament (0 = least difficult and 1 =most difficult), respectively. For Model 2, B1 represents parenting effect for children with the
least difficult temperament, B2 main effect of temperament, B3 Parenting × Temperament interaction effect (i.e., difference in slope on parenting for children with the most relative to the least difficult temperament). For Model 3a–3d, B1 and B2
represent slope on parenting for children with the most and the least difficult temperament, respectively. Values in parentheses are standard errors. F versus 1 stands for an F test of the interaction in Model 2. F versus 3a stands for an F test of the
difference in R2 for a given nested model versus Model 3a.
AIC = Akaike information criterion; BIC = Bayesian information criteria
aParameter fixed at a certain value; SE is not applicable
*p < .05. ** p < .01. ***p < .001
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Table 6. Results for alternative models for conduct problems in early adolescence

Standard parameterization

Re-parameterized regression equation

Differential susceptibility Diathesis–stress

Parameter
Parenting and temperament main

effects: Model 1
Effects and interaction of parenting and

temperament: Model 2 Parameter Weak: Model 3a Strong: Model 3b Weak: Model 3c Strong: Model 3d

B0 0.91(0.02)*** 0.91(0.03)*** B0 0.87(0.02)*** 0.87(0.02)*** 0.15(0.11) 0.85(0.03)***

B1 −0.19(0.02)*** −0.17(0.03)*** B1 −0.21(0.03)*** −0.21(0.03)*** −0.18(0.02)*** −0.01(0.01)

B2 −0.07(0.04) −0.07(0.04) C 0.00 (–)a 0.00 (–)a 4.95 (–)a 4.95 (–)a

B3 – −0.04(0.04) B2 −0.17(0.03)*** 0.00 (–)a −0.19(0.02)*** 0.00 (–)a

R2 .017 .017 R2 .041 .032 .041 .019

F versus 1 – 1.24 F versus 3a – 97.59 – 231.17

df – 1,142.03 df – 1, 9,912 – 2, 9,912

p – .48 p – <.0001 – <.0001

AIC 8,517.39 8,516.80 AIC 38,997.58 39,152.50 39,443.96 39,441.96

BIC 8,519.39 8,518.81 BIC 39,026.38 39,175.10 39,472.75 39,463.55

Notes. B0 represents intercept, C the crossover point. For Model 1, B1 and B2 represent the main effects of parenting and temperament (0 = least difficult and 1 =most difficult), respectively. For Model 2, B1 represents parenting effect for children with the
least difficult temperament, B2 main effect of temperament, B3 Parenting × Temperament interaction effect (i.e., difference in slope on parenting for children with the most relative to the least difficult temperament). For Model 3a–3d, B1 and B2
represent slope on parenting for children with the most and the least difficult temperament, respectively. Values in parentheses are standard errors. F versus 1 stands for an F test of the interaction in Model 2. F versus 3a stands for an F test of the
difference in R2 for a given nested model versus Model 3a.
AIC = Akaike information criterion; BIC = Bayesian information criteria
aParameter fixed at a certain value; SE is not applicable
*p < .05. ** p < .01. ***p < .001
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temperament measure, protect children from risks of low maternal
support, as revealed by research chronicling a three-way interaction
involving reactive temperament (i.e., fearful inhibition), regulatory
temperament (i.e., inhibitory control), and parenting on children’s
internalizing problems (Liu, Calkins, & Bell, 2018). This result,
coupled with the preceding speculative analysis of our tempera-
ment findings− and non-findings− suggests that future research
would do well to include measures of both reactive and regulatory
temperament when investigating Temperament × Parenting inter-
action and children’s internalizing and externalizing problems. It
will be interesting to see if such work replicates the specificity of
the Temperament × Parenting interactions documented herein.

It seems notable that while an anticipated Temperament ×
Parenting interaction emerged in the case of externalizing prob-
lem behavior (i.e., hyperactivity, conduct problems), no such
effect was detected in the case of prosocial behavior. This null
result is in line with other work. Consider in this regard previous
research highlighting different roles of specific parenting behavior
interacting with specific temperament characteristics in predicting
prosocial behavior (e.g., Augustine & Stifter, 2015). McGinley
(2008) observed, for example, that angry/frustrated temperament,
but not fearful and shy temperament, mattered, with the same
being true of maternal firm discipline but not responsiveness.
Clearly, it will be important for future investigations of
Temperament × Parenting interaction to investigate multiple
dimensions of temperament and parenting.

To summarize, infant temperament and parenting interacted
in a weak-differential-susceptibility-like manner. Such findings
suggest that while parenting interventions could benefit all chil-
dren when it comes to preventing or ameliorating externalizing
(but not internalizing) problems, those with a history of difficult
temperament in infancy could be most likely to benefit. Although
no Temperament × Parenting interaction emerged in predicting
prosocial behavior, interventions aiming to promote maternal
support may raise children’s prosocial behaviors regardless of
infant temperament.

Whatever the strengths of the current work, especially the large
sample size, reliance on a competitive and confirmatory model fit-
ting approach, and use of a bipolar measure of parenting (ranging
from more supportive to more negative), as well as a
quasi-experimental design that insured dramatic differences in
infant temperament across the two subgroups of children, this
work is not without limits. Most notably, perhaps, is the exclusive
focus on prosocial behavior for the “positive” side of development
in contrast to multiple indicators of problematic development.
Results of Temperament × Parenting interaction could have been
different had we had more information on children’s competencies
(e.g., cooperation, academic achievement; data of these variables and
other alternatives were not made available to us). Reliance on mater-
nal reports of parenting is, of course, also limiting. Conceivably,
findings could have been different had observational or adolescent
reports of parenting been available. Our reliance on a multi-faceted
measure of difficult temperament rather than a focus on different
components of our composite construct also merits attention.
Only future work will be positioned to address such possibilities.

Supplementary Material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0954579420002096.
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Appendix

In the exploratory phase, we first ran multiple regression models using parent-
ing and temperament (0 = the least difficult temperament group, and 1 = the
most difficult temperament group) to predict problem behavior (i.e., Model 1
in Tables 4–6) based on this equation:

Yi = B0 + B1 Parentingi + B2 Temperamenti + ei (1)

where Yi is the dependent variable, B0 the intercept, B1 and B2 the main effects
of parenting and temperament, respectively.

Then we ran multiple regression models (i.e., Model 2 in Tables 4–6) fur-
ther including the product of temperament and parenting based on the follow-
ing equation:

Yi = B0 + B1 Parentingi + B2 Temperamenti + B3(Parentingi

· Temperamenti)+ ei (2)

where Yi is the dependent variable, B0 the intercept, B1 the slope on parenting
for easy temperament group, B2 the effects of temperament, B3 the effects of
the Parenting × Temperament interaction, representing the difference in
slope on parenting between the most and the least difficult temperament
groups.

Next we conducted the re-parameterized model testing (i.e., Model 3a–3d
in Tables 4–6) based on the equation below:

Yi:
Temperament = 1 Yi = B0 + B1 (Parentingi − C)+ ei
Temperament = 0 Yi = B0 + B2 (Parentingi − C)+ ei

{
(3)

where Yi is the dependent variable, B1 and B2 stand for slope on parenting for
the most and the least difficult temperament groups, respectively, B0 the inter-
cept, C the crossover point. For differential susceptibility models, C were fixed
at 0− the mean of the predictor variable (i.e., parenting), with B2 further fixed
at 0 for the strong version. For diathesis–stress models, C were fixed at 4.57−
the maximum value of the predictor, with B2 additionally fixed at 0 for the
strong version.

Finally, we conducted alternative model testing, as a sensitivity analysis,
with temperament remained as a continuous variable. This sensitivity analysis
was based on the following equation:

Yi = B0 + B1(Parentingi − C)+ B3(Parentingi − C) · Temperamenti

+ ei (4)

where Yi is the dependent variable, B0 the intercept, C the crossover point, B1
the slope on parenting for the least difficult group, and B3 the difference in
slope on parenting between the most and the least difficult temperament
groups. For differential susceptibility models, C were fixed at 0− the mean
of the predictor variable (i.e., parenting), with B1 further fixed at 0 for the
strong version. For diathesis–stress models, C were fixed at 4.95− the maxi-
mum value of the predictor, with B1 additionally fixed at 0 for the strong
version.
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