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Attachment-related learning (that is, forming preferences for 
cues associated with the parent) defies the traditional rules of 
learning in that it seems to occur independently of apparent 
reinforcement1—young children prefer cues associated with 
their parent, regardless of valence (rewarding or aversive), 
despite the diversity of parenting styles2. This obligatory 
attraction for parental cues keeps the child nearby and safe 
to explore the environment; thus, it is critical for survival and 
sets the foundation for normal human cognitive–emotional 
behaviour. Here we examined the learning underlying this 
attraction in preschool-age children. Young children under-
went an aversive conditioning procedure either in the parent’s 
presence or alone. We showed that despite disliking the aver-
sive unconditioned stimulus, children exhibited a behavioural 
approach for conditioned stimuli that were acquired in the 
parent’s presence and an avoidance for stimuli acquired in the 
parent’s absence, an effect that was strongest among those 
with the lowest cortisol levels. The results suggest that learn-
ing systems during early childhood are constructed to permit 
modification by parental presence.

Maintaining proximity to parents has evolved as one of the most 
important survival strategies for human children and young animals 
that depend on parental care. Children learn to prefer cues and con-
texts associated with parents3,4, a preference that ensures that chil-
dren remain close to parents and return to parents after separations. 
This type of learning, which is observed in young altricial animals, 
forms the foundation of what are collectively known as ‘attachment 
behaviours’1,5. Notably, this infantile preference for newly learned 
stimuli is acquired regardless of the apparent desirability of the 
stimuli, and appears even if stimuli possess aversive qualities2. Thus, 
parental cues seem to switch avoidance learning to attraction learn-
ing. The learning underlying attachment-related cues seems to defy 
traditional principles of learning in that it can occur regardless of 
reinforcement type1. This process occurs because the survival value 
of attachment-related (that is, preference) learning trumps other 
learning processes (for example, avoidance) during early postnatal 
life. Despite the fundamental importance of this behaviour, very lit-
tle is known about the developmental mechanisms promoting this 
learning behaviour in young children.

The rodent literature has shown that early in postnatal develop-
ment, the mere presence of the dam alters her pup’s learning systems 
to uniformly produce a preference, regardless of the pleasantness 
or aversive value of stimuli6. While the preference for positively 
valenced conditioned stimuli is intuitive, the preference for aver-
sively valenced conditioned stimuli is less so. During a sensitive 
period of brain development, classical conditioning with aversive 

stimuli in the presence of the dam results in the pup producing a 
preference for new cues learned in her presence, even if they are 
aversive6,7. That is, even when a cue is paired with a mild tail shock, 
if this pairing is learned in the dam’s presence, the dam ‘buffers’ or 
attenuates aversive learning systems, thereby switching the pup’s 
learning to preference-promoting systems. The result is that the 
pup exhibits a behavioural approach towards the cue learned in 
the presence of the dam, whereas the pup would normally exhibit 
an avoidance for the same cue if it is learned in her absence. This 
seemingly counterintuitive behavioural approach following aver-
sive conditioning is nonetheless critical for normative develop-
ment; it promotes preference for parental cues (that is, attachment 
learning) and by doing so, promotes exploration of novel stimuli 
(even if potentially aversive) if the dam is there for protection. The 
cue has now acquired attachment qualities for the pup by virtue of 
being learned in the presence of the attachment figure. This pattern 
of behaviour focuses our attention to the fundamental element of 
attachment-related learning that is common across species. Human 
children also learn to attach to parental cues, regardless of warmth 
or maltreatment7,8, and this type of learning permits increased 
exploration of unknown and potentially dangerous stimuli when in 
the presence of parents.

It is not known whether parents exert such effects during child-
hood, and aversive conditioning paradigms provide an opportunity 
to assess these parameters of learning in children. While this pro-
cess has been shown to be central to normal rat pup development, 
children are much more cognitively complex and, by many metrics9, 
they are more biologically mature than the postnatal rat. Thus, it is 
important to establish whether children exhibit parental modifica-
tion of learning because childhood is extended in humans relative 
to other species10 and requires much more prolonged parental care. 
While initial learning of the attachment figure begins in infancy, 
it continues through early childhood11,12, and may therefore be 
a powerful influence over the subsequent learning that occurs in 
the presence of the attachment figure. This period has been identi-
fied as a ‘transitional sensitive period’ in the rodent6, during which 
stimuli learned in the dam’s presence produce a preference for those 
stimuli. Here we assessed whether a similar parental modulation of 
aversive conditioning occurs in preschool-age children. The char-
acteristics of the preschool period share a developmental ecology 
with the rat pup during this transitional sensitive period13: namely, 
children begin initial momentary separations from parents; stress 
neurobiology and affective learning systems are still immature and 
changing rapidly14–16; and parental presence ‘buffers’ or modulates 
the neurobiology that mediates aversive learning17–19. The biology 
of children at this age situates them for the fundamental task of 
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attachment-related learning. Therefore, we predicted that paren-
tal modification of affective learning processes would be observed 
in the young child. We hypothesized that parental presence would 
switch preschool-age children’s learning of aversive stimuli from 
avoidance to attraction.

A total of 106 children (3–5 yr old, mean (s.d.) = 4.4 (0.1) yr, 
48 male and 58 female) were tested in the laboratory procedure  
(Fig. 1). Ninety-eight children contributed data to the study  
(subjects were excluded if partial conditions were completed; see 
Supplementary Information). Using a computer, children were 
exposed to pairings of a conditional stimulus (CS+), a geometric 
shape (for example, a blue square), that coterminated 50% of the 
time with an aversive unconditional stimulus (US; a loud, high-
frequency metallic scraping noise delivered through headphones; 
with volume calibrated to each participant’s tolerance to avoid pain) 
(see Methods) (Fig. 1a). A different shape (for example, a purple 
triangle) served as the CS−, which was never paired with the US. 
Pre-testing ratings obtained from the child participants indicated 
that the US was judged more negatively than a neutral ‘ding’ tone  
(F(1,83) = 30.53, P < 0.001, partial eta-squared η( )p

2  = 0.27, 90% con-
fidence interval (CI) for effect size = 0.14, 0.39). Children were 
instructed to press a button as quickly as possible in response to 
each geometric shape. Using a within-subjects design, in one condi-
tion, children underwent this conditioning procedure without the 

parent (‘alone’), and in the other they were seated next to their par-
ent (‘parent’). The parent was seated slightly behind the child, so 
that the child could not see the parent but knew that he or she was 
present. There was no interaction with the parent, who was occu-
pied with paperwork. A female experimenter always remained in 
the room. Conditions were counterbalanced and new stimuli were 
used for each condition. All statistical tests were two-sided, and an 
α level of 0.05 was used for statistical tests. All analyses controlled 
for the age and sex of the child.

During acquisition, multiple behavioural and physiological 
measures demonstrated success of acquiring the US–CS pair-
ings. Children’s button-press reaction times and accuracy, heart 
rate and skin conductance responses (SCRs) each indicated that 
the children learned to discriminate the CS+ from the CS− in 
both the alone and parent conditions (Fig. 2; see Supplementary 
Information for additional results). In response to the CS+, rela-
tive to the CS−, children responded more slowly (repeated mea-
sures ANOVA, F(1.75,125.76) = 14.94, P < 0.001, η2p ¼ 0:19

I
, 90% 

CI = 0.08, 0.26), showed higher accuracy (lower false alarm rate; 
(repeated measures ANOVA, F(2,126) = 17.55, P < 0.001, η2p ¼ 0:22

I
,  

90% CI = 0.11, 0.31)), exhibited heart rate deceleration (repeated 
measures ANOVA, F(2,106) = 7.80, P < 0.001, η2p ¼ 0:13

I
, 90% 

CI = 0.04, 0.22) and exhibited greater SCRs (repeated measures 
ANOVA, F(1,59) = 53.97, P < 0.001, η2p ¼ 0:48

I
, 90% CI = 0.32, 0.59).  
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Fig. 1 | Schematic of study design. a, Conditioning phase. Children were presented with pairings of a CS+, a geometric shape that coterminated (50% 
reinforcement) with an aversive US through headphones. A different shape served as the CS− that was never paired with the US. Using a within-subjects 
design, children learned these associations alone (alone condition) or with their parent present (parent condition). b, T-maze phase. After conditioning, 
the parent left the room (if present for the parent condition), and children were placed in a T-maze for five trials. One path doorway displayed the CS+ 
and the other displayed the CS−, and on each trial children were instructed to select a doorway to retrieve a prize. Before the trial, the children were 
shown that the same buckets of prizes (small toys) were behind both doors. c, Attentional bias phase. On a computer screen, the CS+ and CS− were 
simultaneously presented just before an asterisk, which appeared either behind the CS+ or the CS−. Children were instructed to indicate the location of 
this dot as quickly as possible using a keyboard.
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Thus, children acquired the US–CS pairings in both the alone 
and parent conditions, with no differences in acquisition between 
the alone and parent conditions. Further, the heart-rate decelera-
tion together with the SCR increase in response to the CS+ sug-
gest greater attentional deployment20 and arousal21, respectively. 
Although we did not predict sex differences, a condition × stimu-
lus × sex interaction (repeated measures ANOVA, F(2,106) = 3.29, 
P = 0.04, η2p ¼ 0:06

I
, 90% CI = 0.00, 0.13) showed that boys were 

more likely to show increased heart rate in response to the CS+ 
reinforced in the parent condition.

Having demonstrated that children acquired the US–CS pair-
ings, behavioural preference was tested in a T-maze (with parents 
having left the room). The children were placed in a T-maze for 
five trials, in which one path doorway displayed the CS+ and the 
other displayed the CS− (Fig. 1b). In each trial, the children were 
instructed to select a doorway from which they could retrieve a 
prize (they were shown that both doors held the same prizes before 
each trial). We reasoned that the presence of the parent during con-
ditioning would attenuate aversive conditioning, and may even pro-
mote preference learning as observed in rodent studies6. Consistent 
with our hypotheses that parental presence would alter learning, 

when conditioned alone, children exhibited aversive learning with 
a bias away from the CS+ door (preferring the CS− door) (Fig. 3a). 
However, in the presence of the parent, children’s aversive condi-
tioning was replaced by a modest, yet significant, CS+ preference 
(>50%) (repeated measures ANOVA, F(1,85) = 11.80, P < 0.001, 
η2p ¼ 0:12
I

, 90% CI = 0.03, 0.23, post hoc one-sample t-test results: 
alone condition, (t(90) = −12.78, P < 0.001, Cohen’s d = 1.34, 
95% CI = 1.05, 1.62); parent condition, (t(90) = 2.99, P = 0.004, 
Cohen’s d = 0.31, 95% CI = 0.10, 0.52). Although not predicted, 
a sex × age × condition interaction (repeated measures ANOVA, 
F(2,49) = 3.20, P = 0.05, η2p ¼ 0:12

I
, 90% CI = 0.00, 0.24) showed 

that boys at each age were more likely to choose the CS+ in the 
parent condition relative to the alone condition, whereas influ-
ence of the parent condition on girls decreased with age. To rule 
out the possibility that the main effect of the parent condition was 
the result of noisy preschooler performance in general, a confir-
matory analysis was conducted that removed those children who 
did not show aversive conditioning in the alone condition, pro-
ducing a subsample of 55 preschoolers who clearly demonstrated 
a CS+ avoidance in the alone condition (that is, preference <50%). 
With this subsample, a significant preference for the CS+ in the 
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Fig. 2 | Behavioural and physiological evidence of CS+/CS− learning. a–d, Learning was evidenced through multiple measures. Children (n = 69) 
exhibited slower reaction times (a; F(1.75,125.76) = 14.94, P < 0.001, η2p ¼ 0:19

I
, 90% CI = 0.09, 0.28) and fewer false alarms (b; F(2,126) = 17.55, P < 0.001, 

η2p ¼ 0:22
I

, 90% CI = 0.11, 0.31) to the CS+ relative to the CS−. Heart rate (n = 59) showed deceleration to the CS+ stimuli relative to the CS− (c; 
F(2,106) = 7.80, P < 0.001, η2p ¼ 0:13

I
, 90% CI = 0.04, 0.22), consistent with attentional deployment, and SCR (n = 65) increased for the CS+ relative to 

the CS− (d; F(1,59) = 53.97, P < 0.001, η2p ¼ 0:48
I

, 90% CI = 0.32, 0.59). CS+ R, trials of the conditioned stimulus with reinforcement present. Note that 
for SCR, CS+/CS+ R refers to conditioned stimuli both with and without reinforcement present. Left y axes show mean ± s.e.m. (represented by height of 
the bars). Because of the high variability in the mean data, individual points are represented on the right y axes, where indicated. *P < 0.05, **P < 0.01 and 
***P < 0.001. AUC, area under the curve.
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parent condition remained (Fig. 3a, repeated measures ANOVA, 
F(1,49) = 77.51, P < 0.001, η2p ¼ 0:61

I
, 90% CI = 0.00, 0.98) (see 

Supplementary Information). This effect of the parent condition 
was not an artefact of the parent distracting the child; the acquisi-
tion data showed that children learned equally well in both alone 
and parent conditions, and a distraction artefact would produce 
no preference for either stimulus in the T-maze—not the avoid-
ance and preference patterns observed here. Instead, parental pres-
ence biased the learning towards preference learning. This finding 
suggests that physical proximity of the parent switches avoidance 
learning to approach learning in young children.

We assessed whether parental effects on learning would vary 
as a function of cortisol production. In the rodent, the ability of 
the parent to modulate learning is limited by the production of 
cortisol6. Cortisol is produced at low levels in the young animal, 
and once cortisol production exhibits its developmental increase, 
the parent becomes less effective in attenuating the neurobiology 
underlying aversive learning. Cortisol exhibits age-related changes 
across childhood22. We hypothesized that children’s salivary cortisol 
level would be associated with parental influence over conditioned 
behaviour. We found support for this hypothesis, in that higher 

levels of cortisol were associated with fewer CS+ choices in the 
parent condition (results from linear regression, βfull model = −0.23, 
t(75) = −2.10, P = 0.04, R2 = 0.15, R2

change

I
 (due to CS+ choices) =  

0.05, Fchange due to CS+ choices(1,75) = 4.14, PFchange due to CS+ choices = 0.04)  
(Fig. 3b; see Supplementary Information). While this finding is con-
sistent with the interpretation that the lower cortisol levels in early 
childhood—perhaps resulting from parental buffering of cortisol—
enable parental presence to modulate aversive learning, future test-
ing with older children is needed to determine whether this type of 
learning is attenuated with increasing maturity as has been shown 
in other species2,6.

Thus far, we have found that children do not exhibit an avoid-
ance of the CS+ learned in the parent’s presence but instead exhibit 
preference learning, a phenomenon that diminishes with higher 
cortisol levels. The final procedure investigated whether parents 
exert this effect by modulating children’s attentional focus. We used 
a dot-probe task to investigate children’s attentional biases to the 
conditioned stimuli (see Methods). The CS+ and CS− were simul-
taneously presented (for 3,000 ms) on a computer screen just before 
an asterisk (500 ms) appeared on the same side as either the CS+ or 
the CS− (Fig. 1c). Children were instructed to indicate the location 
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Fig. 3 | effect of parental presence on behavioural preference. a, T-maze choice (n = 91). Children showed a behavioural avoidance of the CS+  
when conditioned alone, but switched to a behavioural preference when conditioned with their parent present (F(1,85) = 11.80, P < 0.001, η2p ¼ 0:12

I
,  

90% CI = 0.03, 0.23; post hoc one-sample t-test: alone condition, t(90) = −12.78, P < 0.001, Cohen’s d = 1.34, 95% CI = 1.05, 1.62; parent condition, 
t(90) = 2.99, P = 0.004, Cohen’s d = 0.31, 95% CI = 0.10, 0.52). Side bar shows that this preference remains when only considering children who 
demonstrated avoidance learning in the alone condition (that is, ‘good’ aversive conditioners) (F(1,49) = 77.51, P < 0.001, η2p ¼ 0:61

I
, 90% CI = 0.46, 0.70). 

b, Cortisol (n = 80). Parental effects on preference learning were more likely in children with lower cortisol levels and less likely in children with higher 
cortisol levels (β = −0.23, t(75) = −2.10, P = 0.04, R2 = 0.15, R2change ¼ 0:05

I
, Fchange(1,75) = 4.14, PFchange = 0.04). The x axis represents residuals for cortisol 

values controlling for age, sex, and percentage of CS+ choices (alone condition), hence the possibility of negative values. The y axis represents residuals 
for the percentage of CS+ choices (parent condition) controlling for age, sex and percentage of CS+ choices (alone condition), hence the possibility of 
negative values. c, Attentional bias (n = 56). Reaction time differences on the dot-probe task showed that children developed an attentional bias away from 
the CS+ when conditioned alone, whereas they developed an attentional bias towards the CS+ when conditioned with parental presence (F(1,50) = 5.57, 
P = 0.02, η2p ¼ 0:10

I
, 90% CI = 0.01, 0.24) (post hoc one-sample t-test on predicted values for alone: t(56) = −4.07, P < 0.001, Cohen’s d = 0.54, 95% 

CI = 0.27, 0.81); (post hoc one-sample t-test on predicted values for parent: t(56) = 6.92, P < 0.001, Cohen’s d = 0.92, 95% CI = 0.60, 1.22). Data are 
mean ± s.e.m (represented by height of the bars). Because of the high variability in preschooler’s mean data, individual points are plotted on the right y 
axes where indicated. *P < 0.05, **P < 0.01 and ***P < 0.001.
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of this asterisk as quickly as possible by pressing a button, and faster 
reaction times indexed a greater attentional bias for the stimulus 
that preceded the asterisk. The results showed that attentional biases 
differed according to the acquisition condition (repeated mea-
sures ANOVA, F(1,50) = 5.57, P = 0.02, η2p ¼ 0:10

I
, 90% CI = 0.01, 

0.24) (Fig. 3c). The CS+ acquired in the alone condition resulted 
in an attentional avoidance of the CS+ (post hoc one-sample t-test 
on predicted values: t(56) = −4.07, P < 0.001, Cohen’s d = 0.54, 
95% CI = 0.27, 0.81). In the current design, we cannot distinguish 
whether the attentional bias away from the CS+ was the result of 
attention directed away from the CS+ or towards the CS− safety sig-
nal, but this result is consistent with previous findings of attentional 
avoidance of threat cues in healthy children23. By contrast, when the 
CS+ was learned in the parent condition, the opposite bias devel-
oped, namely a greater attention bias to the CS+ (post hoc one-
sample t-test on predicted values: t(56) = 6.92, P < 0.001, Cohen’s 
d = 0.92, 95% CI = 0.60, 1.22). The parental effect on attention bias 
indicates that the presence of the parent changes emotional learning 
in part because the parent’s presence switches the child’s distribu-
tion of attention away from the CS+ when alone and towards the 
CS+ in the parent’s presence. This pattern supports the view of the 
parent as providing a safety signal for offspring24, a cue that enables 
exploration of a novel stimulus that would otherwise be avoided.

That parents influence emotional development is well estab-
lished25–30; the current study provides an understanding of a funda-
mental learning mechanism underlying this influence. These data 
demonstrate that the mere physical presence of parents changes 
children’s early approach–avoidance learning. This finding provides 
a deeper explanation of how parents scaffold children’s emotional 
learning. Parental presence changes the nature and content of asso-
ciative learning processes. In the absence of the parent, children 
learn to avoid an aversively conditioned stimulus. This learning is 
modulated by parental presence, which instead produces a behav-
ioural preference for that same stimulus. Our findings suggest that 
this process is not simply a result of the parent calming the child. 
Indeed, during acquisition, the parent did not have an effect on 
acquisition measures. Instead, the parent’s presence changed learn-
ing, which was observed later during recall events (that is, T-maze 
and dot-probe tasks) when the parent was no longer present. These 
findings suggest that the nature of what was learned (for example, 
consolidation) was changed by the parent, as suggested by the 
rodent model30. Parental behaviours were not manipulated in this 
study, and thus the effect of parental behaviour should be examined 
in future work.

The learning processes examined here in young children have 
previously been investigated in the rat. Whether these processes are 
mechanistically identical and conserved across species or simply 
developmental analogues of each other cannot be determined from 
this study, but these behaviours may serve similar functions across 
species13. Rat pups exhibit a behavioural preference (for example, 
approach in a Y-maze) for a CS that was previously paired with 
either an aversive or rewarding stimulus (for example, tail shock or 
stroke, respectively) if the pairing occurred in the parent’s presence6, 
whereas they would avoid the aversive CS in the absence of the par-
ent. In both the rodent model and with the children in the current 
study, this effect of the parent does not manifest until the choice 
behaviour occurs, suggesting that the parent’s presence changes the 
nature of what is learned (for example, consolidation processes)31. 
In rodent models, it has been shown that this modulation by the 
parent occurs because parental cues suppress the offspring’s neu-
robiology (that is, the amygdala) responsible for aversive learning6, 
thereby allowing competing learning systems to promote approach 
behaviours. The result of this cascade is an acquired preference 
for associations formed in the parent’s presence. These parental 
effects must occur during a sensitive period in early brain devel-
opment, when immature glucocorticoid levels permit parental  

buffering of the amygdala. The current study cannot address 
whether the observed effects in children reflect sensitive-period 
effects. However, we also found an association between cortisol and 
the effect of the parent on learning. One interpretation of this asso-
ciation is that hypothalamic-pituitary-adrenal axis maturation and 
corresponding increases in cortisol production (perhaps reflecting 
parents’ decreasing ability to buffer cortisol and/or age-related cor-
tisol increases in the preschool period) terminate this form of learn-
ing. Preschoolers’ cortisol responses to stressors have been shown 
to be buffered by parents32, and age-related cortisol increases have 
been identified in the current age range22. Although cortisol was not 
collected as part of a formal stress paradigm in the current study, 
the present findings provide support for this interpretation, in that 
preschool-age children with higher cortisol levels were less respon-
sive to parental effects during aversive conditioning. Whether or 
not this effect is age-limited cannot be determined from these data. 
Although the current study can make no claims about a sensitive 
period in humans, there are some results that motivate future work 
to address the possibility. For example, the age × sex × condition 
interaction in the T-maze procedure was not anticipated; although 
all children’s learning was modulated by the parent, boys at all ages 
showed a larger effect than girls, and the effect waned with increas-
ing age in girls. If boys’ socio-emotional development tends to lag 
behind that of girls33, this age ×sex × condition interaction moti-
vates future longitudinal studies to test whether there is a develop-
mental window for the observed effect of parents (that girls exit out 
of before boys). This developmental window, during which parental 
presence or absence differentially engages learning systems, coin-
cides with the increasing yet far from complete physical indepen-
dence from the parent observed in the childhood period13.

This learning pattern fits the developmental ecology of the young 
child in that when children are alone, adult-like threat-learning pro-
cesses are deployed13. By contrast, these same adult-like strategies 
are rendered unnecessary when parents are available, and are actu-
ally counterproductive for attachment-related behaviours. Thus, a 
behavioural preference is produced instead. This pattern of behav-
iour is predicted by previous findings showing that parental cues 
phasically modify the fronto-amygdala circuit responsible for aver-
sive learning18. It has been argued that this seemingly paradoxical 
preference learning places the young child at a survival advantage by 
maximizing preference for parent-associated stimuli (that is, attach-
ment behaviours), even in the context of noxious stimuli2,6. An alter-
native interpretation of the current findings is that the presence of 
the parent during acquisition subsequently facilitates exploration of 
the conditioned stimulus during the test phase (that is, the T-maze 
or dot-probe task). Indeed, a large body of literature has shown 
that parental presence increases exploratory behaviour in young 
children5. However, in somewhat of a contrast to previous work, 
parents’ effects on children’s exploratory behaviour did not occur 
during acquisition (that is, when the parent was present); there was 
no main effect of the parent on acquisition indices. Instead, parental 
effects were observed later during the test phases (that is, when the 
parent was no longer present). Thus, the parental effects described 
in this study do not seem to reflect the parent simply calming the 
child and thereby increasing exploration. It is possible that learn-
ing in the presence of the parent increased later exploration of the 
CS+, so that the child was testing whether that CS+ would lead to 
the prize; however, this possibility is tempered by the fact that chil-
dren were routinely (before each trial) shown that each CS in the 
T-maze contained the same prizes. The dot-probe results suggest 
that the CS+ acquired in the parent’s presence heightened children’s 
attentional biases, suggesting that parental presence may increase 
the relevance or salience of the cue. In their original descriptions of 
attachment behaviours, Bowlby and Ainsworth posited that these 
two processes, maintaining proximity to parental cues and explor-
ing novel stimuli in the context of the parent, are complementary 
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processes1,5; thus a further alternative interpretation of the current 
findings is that these two processes co-occur—the presence of the 
attachment figure permits greater exploration of novel stimuli (even 
if risky or aversive) and subsequent preference formation of that cue 
that is associated with the parent.

For the young altricial animal, approaching parent-associated 
cues is so critical for offspring survival that it will occur regardless 
of whether the parent is nurturing or abusive, as shown in several 
laboratory models including rats, monkeys and dogs2. Although 
these findings significantly inform the normative construction of 
human affective development, they also have large implications for 
emotional development following maltreatment. The current find-
ings, namely that children develop a preference for cues associated 
with the parent even if aversive, provide some explanation to fam-
ily courts and case workers for children’s sometimes bewildering 
attachments to parents. Understanding such learning systems dur-
ing development might begin to answer the question of why attach-
ments develop to parents, even in the context of abuse, and future 
examination of these learning processes in the context of abusive 
care is needed. The seemingly paradoxical approach behaviours 
in the parents’ presence is a startling reminder that the developing 
brain is not simply an immature version of the adult brain, but is 
instead designed to collaborate with the expected caregiving ecology.

Methods
Participants. All protocols were approved by the University of California 
Institutional Review Board. Parents provided written consent for their own and 
their child’s participation, and children provided verbal assent for participation. A 
total of 106 children (3–5 yr old, mean (s.d.) = 4.4 (0.1) yr old, 48 male, 58 female) 
were recruited from a community sample via local birth records, Institutional 
Review Board-approved local newspaper ads and online classifieds. Parents 
indicated that 86 children were European-American or Caucasian, 19 were Asian-
American, 8 were African-American or black, 6 were Native American or Alaskan 
Native, 3 were Native Hawaiian or Pacific Islander, and 10 indicated ‘other’ (note 
that participants could have endorsed more than one race) (data were missing for 
6 children). Eighteen children were also identified as Hispanic or Latino(a). Out 
of these, 98 children provided usable and complete data for either the T-maze 
(n = 91) or the dot-probe (n = 62) tasks. Seventy-six per cent of parents were 
born in the United States. Modal education level for parents was ‘Masters degree’ 
although parental education ranged from ‘high school degree’ to ‘professional 
degree’. Modal family income was ‘>US$200,000 yr−1’, although income ranged 
from ‘<US$10,000 yr−1’ to ‘>US$200,000 yr−1’. The home environment was 
assessed through a modification of the Home Observation Measurement of the 
Environment (HOME) short form34 that parents were asked to complete for this 
study; this measure assesses the quality of a child’s home environment and includes 
cognitive stimulation and emotional support provided by a child’s family. Overall, 
the average HOME environment score (mean (s.d.), range = 19.08 (2.51), 11–24) 
was comparable to values from the National Longitudinal Study of Youth35, which 
included a nationally representative cross-section of youth. Parents’ depression 
(Beck Depression Inventory36, mean (s.d.) = 4.20 (5.11) and anxiety (Spielberger 
trait anxiety37 mean (s.d.) = 47.48 (5.43)) scores were in the normal range. Parents 
reported a mean (s.d.) of 2.21 (2.10) stressful events in the past year on the Life 
Events Questionnaire38. Among the children, 15.6% had no siblings, 55.6% had 
at least one older sibling and 47.8% had at least one younger sibling. Children’s 
behaviour problems were in the normal range (Child Behaviour Checklist39, total 
problems T score mean (s.d.) = 42.6, 9.82). Parents average self-reported parenting 
was overall warm (mean (s.d.), range = 61.29 (14.27), 34–107 out of a possible 132) 
and moderately restrictive (mean (s.d.), range = 98.05 (6.15) (75–108) out of a 
possible 108) according to scores on the Modified Child Rearing Practices Report40.

Conditioning procedure. Ninety-eight children sat in front of a computer in a 
quiet testing room and wore headphones. The computer screen presented repeated 
serial blocks of two shapes (for example, square as the CS+ and a triangle as the 
CS−, presented in blocked fashion). There was a total of 10 blocks of 4 shapes per 
block, resulting in 20 presentations of the CS+ and 20 presentations of the CS− 
during acquisition. Each shape had an average visual angle of 15°. The shape would 
be on screen for 1,000 ms, at which point the border of the shape thickened slightly 
(Fig. 1a). For the CS+, this thickening of the border coincided with the onset of 
the US (an aversive noise). An aversive noise has been shown to be an effective US 
in aversive conditioning41,42. Conditioning sound volume was calibrated to each 
child to reach a point where the noise was very loud but not painful. The CS+ was 
reinforced with the US 50% of the time. Between each shape presentation, there 
was a 1,000 ms inter-trial interval. Thus, each block lasted approximately 20 s long, 
and each block was separated by 4 s. The entire conditioning procedure lasted 

approximately 3 min. Children were instructed to press a mouse button as quickly 
as possible when they saw the border thicken. All stimuli would terminate when 
the child pressed the button. This button-press procedure was included to provide 
behavioural metrics of acquisition (that is, reaction times and accuracy).

The female experimenter remained in the room with the children. In one 
condition (alone) children underwent this conditioning procedure alone, and in 
the other (parent) they were seated to the left and in front of their parent. This 
order was randomly counterbalanced across subjects using a random number 
generator. Ninety-two parents were mothers and six were fathers. Parents were 
instructed not to interact with their child, and there was no interaction between 
the child and the parent, who was occupied with paperwork. Thus, children were 
conditioned twice, each time using different geometric shapes as the CS, with 
shapes stimuli counterbalanced across participants. Because of the nature of data 
collection, which required that the parent be in the room with the experimenter  
or not, data collection and analyses were not performed blind to the conditions of 
the experiment.

Conditioning pre-testing of US. Before conditioning, children reported on how 
much they liked or disliked the US and another noise (a computerized chime). 
Children reported on a nine-point Likert scale that ranged from ‘really don’t like’ 
(1) to ‘really like a lot’ (9).

Conditioning physiological methods. SCR and heart rate were collected using 
the BioPac system. SCR sensors were placed on the medial plantar surface of 
the foot and the big toe (because young children seem to tolerate this placement 
without excess motion artefact better than on the hand)21. Like hands, feet contain 
eccrine sweat glands and can produce skin responses43. SCR sensors were secured 
with medical tape. Heart-rate sensors were placed on the front of the body under 
each clavicle and on the lower left back. After about a 5 min waiting period, data 
were collected continuously with Acqknowledge software during the conditioning 
procedure.

Offline, SCR data were submitted to a low-pass filter and smoothing over 200 
samples. SCRs were averaged starting from 500 ms from the start of the stimulus 
onset across a period of 4,500 ms after stimulus onset for the duration of the 
stimulus block (that is, stimuli of the same condition presented consecutively in 
blocks of four) and averaged for each condition. Note that the SCR responses to 
CS+ reinforced and non-reinforced were presented within the same block and thus 
could not be resolved, and are presented in average here. Additionally, the first 
trial in each block was not included in computations to avoid signal bleed from the 
previous block. SCR area under the curve values were positively skewed and were 
therefore transformed using natural logarithm. The SCR data were divided into 
four categories: CS+ alone, CS− alone, CS+ with parent and CS− with parent. For 
each stimulus presentation, average heart rate and area under the curve for SCR 
were computed. Heart rate was averaged, starting from the start of the stimulus 
onset across 1,000 ms after stimulus onset, and these data were divided into six 
categories: CS+ alone, CS+ reinforced alone, CS− alone, CS+ with parent, CS+ 
reinforced with parent and CS− with parent.

T-maze procedure. Following each conditioning procedure, children underwent 
the T-maze preference test. In the same room where the conditioning procedure 
occurred, a tent was set up. If the child had just completed the parent conditioning 
session, the parent left the room and waited in the adjoining room. The tent served 
as the human T-maze; there was a main door through which the child entered (that 
is, crawled through), and inside the tent, there were two additional doors (see  
Fig. 1b). One door had a laminated picture of the CS+ velcroed to it, and the other 
door had the CS− velcroed to it. Children were told, “Now we’re going to play a 
game with signs and treats. I want you to go into the tunnel five times. Each time 
you go in, I want you to look at the signs on both doors. Then, I want you to decide 
which door you want to reach behind to get a treat. Then you can get one treat 
from behind one of the doors. The treats on both sides are the same.” The children 
were shown that the same buckets of prizes (small toys) were behind both doors. 
Children would enter the tent and look at both doors before choosing a door. After 
each trial, the experimenter would change the CS+ and CS− locations on the basis 
of a predetermined random order, and she would mix up the buckets of prizes 
(children could not see what experimenter was doing). Before each subsequent 
trial, children would be told, “Are you ready? Remember to first look at both signs 
on the doors. Only then decide which door you want to reach through to get your 
treat. The treats on both sides are the same.” Children were shown that the same 
treats were behind both doors before each trial. Video recordings were made of this 
session to ensure data usability. There were five trials. Any trial in which the child 
did not look at both doors before making a choice was excluded. The final score of 
interest was the percentage of valid trials in which the child chose the CS+ door. 
Both parent and alone conditions were collected for 91 out of the 98 children (7 did 
not complete both sessions due to fatigue or time limitations).

Cortisol procedure. Eighty-six children provided a usable laboratory sample of 
salivary cortisol (one did not provide a sample, nine did not provide enough saliva 
for assay and two had extreme values >3 s.d. from the mean). Participants provided 
saliva samples approximately 30 min after arriving in the laboratory, during which 
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time they remained with their parents (this time was occupied by explanation of 
the experimental procedure, signing consents and visiting the restroom). Parents 
were instructed to have their child avoid eating for at least 1 h before visiting the 
laboratory. Using a health diary, parents reported no child illness, medication  
use and/or unusual levels of activity. Following Salimetrics protocol for children 
under 6 yr old, children placed two sorbettes under their tongue for 1 min per 
sample. The time of collection ranged from 09:00 to 17:30, with the average time  
of collection at 12:35 (s.d. = 2 h 11 min). Samples were stored in a locked freezer  
at −20 °C until they were posted in dry ice to Technical University Dresden by  
C. Kirschbaum (Biological Psychology Laboratory) for assay. After thawing, 
samples were centrifuged at 3,000 r.p.m. for 5 min, which resulted in a clear 
supernatant of low viscosity. Salivary cortisol concentrations were measured using 
commercially available chemiluminescence immunoassays with high sensitivity 
(IBL International). The intraassay and interassay coefficients for cortisol were 
below 8% (ref. 44). Evidence suggests that within the hours in which the experiment 
was performed, time of day matters less for cortisol levels in children than it does 
for wake-up and bedtime45,46. In the current sample, there was no association 
between time of day and cortisol levels (r(76)P = −0.13, P = 0.24, 95% CI = −0.08, 
0.35, controlling for age and sex). In addition, we repeated our analysis including 
time of day as a covariate. Cortisol values, which were expressed in nM, were 
positively skewed and were therefore transformed using natural logarithm.

Attentional biases via dot-probe procedure. We used a dot-probe task to 
investigate children’s attentional biases for the conditioned stimuli. Dot-probe tasks 
have been used as effective measures of attentional biases23 because although the 
children’s overt task is simple (identify the location (right or left) of an asterisk), 
reaction times vary with the location congruency between the asterisk and the 
affective stimulus, thus providing an index of attentional bias. Of the total of 98 
children, 62 provided usable dot-probe task data (6 not completed due to fatigue, 
19 only completed one dot-probe task and 11 had difficulty with the button 
pressing). The children were seated in a room separately from their parent. On a 
computer screen, the CS+ and CS− were simultaneously presented (500 ms) just 
before an asterisk, which appeared behind the CS+ or the CS− for up to 3,000 ms 
(Fig. 1c). Children were instructed to indicate the location of this dot as quickly as 
possible using the keyboard. The trial ended when children pressed the button for 
the asterisk. There was a 1,500 ms inter-trial interval between trials, and a total of 
10 trials, with 50% congruent and 50% incongruent with the CS+. To ensure that 
children were on-task, an accuracy cut-off was used (accuracy >50%), excluding 
an additional 6 children with low accuracy for a final sample of 56 children. A 
bias score was calculated by subtracting the response time when the asterisk was 
behind the CS+ (that is, congruent) from when it was behind the CS− (that is, 
incongruent). Positive scores indicate a greater attentional allocation to the CS+, and 
negative scores indicate avoidance of the CS+ (or bias towards the CS−). Two bias 
scores were computed from reaction times (from correct trials only) for each child:

+
=

−

+

=

−

towards CS

RT incongruent

RT congruent

towards CS

RT incongruent

RT congruent

Bias (alone)

mean (alone)

mean (alone)

Bias (parent)

mean (parent)

mean (parent)

where RT is the reaction time. These bias scores were entered into a repeated 
measures analysis of variance with bias as the dependent variable and condition 
(alone, parent) as the independent variable, controlling for age and sex.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
The data that support the findings of this study are available from the 
corresponding author on reasonable request.

Code availability
The code that supports the findings of this study is available from the author on 
reasonable request.
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Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection n/a

Data analysis Statistical analyses were performed in SPSS v.23

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers. 
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.
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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A list of figures that have associated raw data 
- A description of any restrictions on data availability

Anonymized data will be provided by the corresponding author.
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Behavioural & social sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description Cross-sectional, within-subjects experimental design.

Research sample Preschool age children (3-5 years old, mean(SD)=4.4 (.1) years, 48 Males/58 Females) were recruited from the surrounding community. 
The sample was racially and ethnically diverse.

Sampling strategy The sample was a convenience, community sample of local children. Given the novelty of this approach, there were no estimates upon 
which to base a power analysis. Thus, we aimed for a sample of approximately 100 preschool age children to overcome the anticipated 
noise in young children's behavior.

Data collection Equipment included a desktop computer, headphones, a play tent, and saliva vials. A female experimenter was always with the child in 
every condition. The parent was present in the learning condition where it was necessary to have the parent present as a stimulus of 
interest. Therefore, it was not possible for the experimenter to be blind to the condition of parent's presence or absence. 

Timing Data were collected between November 2010 - September 2013. There were no gaps in data collection.

Data exclusions Out of the 106 children tested, 8 children did not provide  usable or complete data for either the T-Maze or the Dot-Probe tasks.  
Not all of these children were able to provide complete and usable data for the acquisition portion of the study (RT, FA, HR, SCR), even 
though they all experienced the acquisition phase of the study. Of these 98 children, 69 (mean (SD) age=4.04 (0.81); 32M/37F) provided 
complete and usable RT and FA data during acquisition (29 were removed from analysis because they had trouble with the button 
presses). Of the 98 children, 65 children (mean (SD) age=3.91 (0.82); 28M/37F) provided complete and usable SCR data (8 were lost to 
experimenter/equipment failure, 15 had poor quality data, 4 refused to wear the sensors, and 6 were not collected). Of the 98 children, 
59 children (mean (SD) age=3.98 (0.82); 30M/29F) provided complete and usable HR data (11 were lost to experimenter/equipment 
failure, 22 had poor quality data, 4 refused, and 2 were not collected).  
 
Not all of the 98 children were able to provide complete T-maze, cortisol or dot-probe data. Of the 98 children, 7 did not complete both 
conditions (PARENT and ALONE) of the T-maze (i.e., they wanted to stop), leaving 91 children (mean (SD) age=3.88 (0.83); 39M/52F) who 
provided complete data for the T-maze portion.  Of the 91, 80 children (mean (SD) age=3.90 (0.85); 35M/45F) provided a usable cortisol 
sample (9 had too little substrate, 2 were removed because of extreme values (> 3 SD from the group mean) and 1 was not collected).  
 
Of the 98 children, 62 provided usable dot-probe task data (6 not completed due to fatigue, 19 only completed one dot-probe, and 11 
had difficulty with the button pressing). To ensure that children were on-task, an accuracy cut-off was used (accuracy >50%), thus 
excluding an additional 6 children with low accuracy for a final sample of 56 children. 

Non-participation Out of the 106 children tested, 8 children did not provide  usable or complete data for either the T-Maze or the Dot-Probe tasks because 
they were fatigued/cranky.

Randomization The order of conditioning context (PARENT, ALONE) was randomly counterbalanced across subjects using a random number generator.  
During the T-maze, the experimenter would change the CS+ and CS- locations based on a predetermined random order.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology

Animals and other organisms

Human research participants

Clinical data

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Human research participants
Policy information about studies involving human research participants

Population characteristics Subject level characteristics that were used as statistical covariates were age (3-5 years old) and sex (48M/58F). 

Recruitment There is always a chance of a selection bias with human research, so we made an effort to reach out to community members 



3

nature research  |  reporting sum
m

ary
O

ctober 2018

Recruitment through several sources (local birth records (this included direct contact to families), IRB approved local newspaper ads, and 
online classifieds). 

Ethics oversight The University of California Los Angeles IRB approved this study and its procedures.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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