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Abstract

The human infant face represents an essential source of communicative signals on the basis of
which adults modulate their interactions with infants. Behavioral studies demonstrate that infants
faces activate sensitive and attuned responses in adults through their gaze, face expression, voice,
and gesture. In this study we aimed to identify brain responses that underlie adults’ general
propensity to respond to infant faces. We recorded fMRI during adults’ (non-parents) processing
of unfamiliar infant faces compared to carefully matched adult faces and infrahuman mammal
infant and adult faces. Human infant faces activated several brain systems including the lateral
premotor cortex, supplementary motor area, cingulate cortex, anterior insula and the thalamus.
Activation of these brain circuits suggests adults’ preparation for communicative behavior with
infants as well as attachment and caregiving. The same brain regions preferentially responded to
human infant faces when compared to animal infant faces, indicating species-specific adult brain
responses. Moreover, results of support vector machine based classification analysis indicated that
these regions allowed above chance-level prediction of brain state during perception of human
infant faces. The complex of brain responses to human infant faces appear to include biological
mechanisms that underlie responsiveness and a caring inclination toward young children which
appear to transcend adult’s biological relationship to the baby.
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Introduction

Human infants are born with structural and functional characteristics that prompt adult
proximity and care and that ensure child survival and wholesome development. Prominent
infant features include a facial morphology and a suite of communicative signals that
activate sensitive and attuned caregiving behaviors in adults (Bornstein 2002; Bornstein et
al. 2008a; Bowlby 1969; Lorenz 1943, 1971). Lorenz (1943, 1971) hypothesized that an
infant physiognomy generally - round and large head, big eyes, small nose and mouth,
chubby cheeks - activates “innate releasing mechanisms” in human adults for care and
affection of infants. In return, adult sensitive responsiveness fosters infants’ motivation to
interact and has positive effects on infant development (Landry et al. 1997; Sander 2000;
Sroufe 2000; Trevarthen & Aitken 2001; Tronick 2005; van IJzendoorn et al. 1995).
Moreover, young infants display dramatic upsetness to failures at adult contingent
responsiveness (Murray & Trevarthen 1986; Tronick et al. 1978). Adult-infant dyadic
interactions are grounded in this mutual regulation as revealed, for example, in video
microanalysis (Beebe et al. 2007; Feldstein et al. 1993; Stern 1985; Trevarthen 2003).

The long evolutionary history of adult-infant transactional relationships suggests that
specific brain circuits might mediate adult responsiveness to infants. Behavioral studies
demonstrate that infants trigger prompt and syntonic responses in adults through their gaze,
facial expression, voice, and gesture (Bornstein 2002; Bornstein et al. 2008a). The human
infant face thus represents a crucial source of emotional and communicative signals on the
basis of which adults modulate their interactions with infants.

From an evolutionary perspective Seligman’s theory of ‘preparedness’ holds that stimuli
which are critical for survival, such as threat stimuli, elicit automatic prepared responses
(Seligman 1971, Ohman & Mineka 2001). Extension of this theory predicts that the human
brain would show innate predispositions to react not only to threat stimuli but to all
biologically salient stimuli independent of their valence (Sherer 2011). In this view, human
infant faces represent highly biologically relevant stimuli that capture attention of and
reward adults (Brosch et al. 2007, Kringelbach et al. 2008; Glocker et al. 2009) and to which
humans might be prepared to respond. Guided by this line of thought we expected that infant
faces would trigger specific brain mechanisms that subserve adaptive preparatory responses
in adults.

To date, putative neural systems that mediate adults’ specific responses to human infant
faces have escaped detection. Prior studies comparing adults’ reactions to their own infants
versus other infants have revealed involvement of dopamine-associated reward-processing
regions as well as areas related to social cognition and emotion (Lenzi et al. 2009; Ranote et
al. 2004; Strathearn et al. 2008; Swain 2007). The extent to which these brain circuits,
posited to underlie parenting behaviors and attachment, also subserve a general inclination
to respond to infant cues (even in non parents looking at unfamiliar babies) is unclear.
Moreover, comparing adults’ reactions to their own infants versus other infants cedes
stimulus control and misses what may be specific in adults’ brain responses to human
infants. Only one study, using magnetoencephalography, aimed to investigate specific brain
responses in adults to unfamiliar infant faces compared to adult faces. In accord with
Lorenz’s theory, the authors reported that unfamiliar infant faces with an emotional
expression tend to be more rewarding and salient than adult faces (Kringelbach et al. 2008).

Here, in an attempt to identify the brain responses that underlie adults’ general propensity to
respond to infant cues, we recorded fMRI from adults non-parents while they processed
unfamiliar emotionally neutral infant faces and compared resultant patterns of brain activity
to those of carefully matched adult faces and infrahuman mammal infant and adult faces.
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We specifically hypothesized that generic human infant faces would activate adult brain
regions critical for preparation for communicative and interactive responses such as the
premotor cortex. Moreover, we expected to find activations of phylogenetically older reward
circuits - the cingulate cortex and its projections to and from midbrain, basal ganglia, and
thalamus. These regions have previously been associated with parental attachment (Glocker
et al. 2009; Kringelbach et al. 2008; Ranote et al. 2004; Swain et al. 2007) and linked to
“baby schema” features in artificially manipulated infant faces (Glocker et al. 2009).
Additionally, by including animal faces in our comparisons, we aimed to clarify whether
adults’ inclination to respond to infant forms is species specific.

To test the role of the hypothesized brain systems in mediating the responses to human
infant faces further, we used a sensitivity method aimed at examining how well a statistical
classifier can predict the brain state during human infant faces perception on the basis of
activation from independent anatomical ROIs (Haxby et al. 2001; Poldrack et al. 2009).
Evidence of human adults’ species-specific brain responses to human infants would
constitute a biological signature of an adult instinct that is requisite to child survival and
antecedes the development of attachment.

Materials and Methods

Participants

Sixteen healthy adults non-parents (M age = 28.06, SD = 5.66; 7 males) were recruited
through the University of Trento webpage and local advertisement. Advertisement did not
provide the details of the study. Exclusion criteria were: being a parent, specific phobias for
cats and dogs, neurological or psychiatric disorders, including substance abuse/dependence,
psychotropic medications, and pregnancy. Candidates were screened by a neurologist for
compatibility with MRI scan. Occupation and level of education varied in the sample, but
most participants had attended (44%) or completed university (38%). Thirty-eight percent of
the sample owned (or had owned in the previous two years) cats and/or dogs. Participants
were from the metropolitan area of Trento (Italy) and ethnically homogeneous of European
heritage. All participants provided written informed consent for their participation. The
experimental procedures were approved by the ethical committee for experiments involving
humans at the University of Trento.

Visual Stimuli

A total of 56 color pictures of infant and adult human and animal faces were used (14 for
each category). Pictures of infant and adult human and animal faces were adjusted for
brightness and color-balance using Adobe Photoshop 8.0.1. Specifically, based on
brightness histograms, pictures were modified so that the average brightness value of all
pixels fell between 125 and 220 cd/m?2. After editing, mean brightness of the four picture
categories did not differ from one another (F(y, 3y = 2.00, p= .15). Pictures were also
corrected using primary color curves by reducing eventual excess of the primary colors. All
pictures of humans showed a frontally oriented, neutrally expressive face on a white
background; head size was matched across stimuli. Human adult faces consisted of equal
numbers of males and females; human infant faces had no cues to distinguish gender. Equal
numbers of cat and dog faces were used and their faces were also frontally oriented. Face
stimuli came from public domain databases (Nefian et al. 1997; Solina et al. 2003), Van
Duuren and colleagues (2003), or were publicly available images edited by a private
graphics company (Tommaso Sega). To exclude potential influence of attractiveness on
brain activity (Yamamoto et al. 2009; Parsons et al. 2011), pictures were selected within a
larger database (n = 96 with the same characteristics and sources) and rated by 42 adults (19
males, M age = 32.00, SD = 4.25) on a 4-point Likert scale assessing attractiveness. These
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participants did not report cat or dog phobias. They were recruited by public advertisement
and participated in this behavioral experiment only. The stimuli were presented on a laptop
(for 3 s each) in one of two possible random orders and were interleaved with a of a 4-point
scale ranging from wnattractiveto attractive. Participants verbally responded to each picture,
and their responses were recorded by an experimenter out of the participants’ view. We then
selected 56 stimuli for the fMRI experiment that were the same in attractiveness [2-way Age
X Species ANOVA on attractiveness scores, F(1, 41) = .30, ns].

fMRI protocol

During functional scanning, participants viewed pictures of infant faces and adult faces and
they were instructed to attend to all stimuli. Pictures of faces were interspersed with pictures
of various objects of common use (taken from the Amsterdam Library of Object Images;
Geusebroek, Burghouts & Smeulders, 2005; e.g., cup, ball, shoe) to obviate habituation
effects to faces. Stimuli were back-projected onto a screen by a liquid-crystal projector at a
frame rate of 60 Hz and a screen resolution of 1280 x 1024 pixels (mean luminance: 109 cd/
m2). Two fMRI time series were acquired for each participant in a single fMRI session.
During each time series 70 faces of humans (14 infants (HI) and 14 adults (HA)) and
domestic animals (14 infants (Al) and 14 adult cats and dogs (AA)) interspersed with 14
pictures of objects (Ob) appeared in pseudo-randomized sets of 5 (one image from each
category). A time series consisted of a 10-s inter-stimulus interval (I1SI) followed by a 4-s
picture presentation. During each ISI, participants were presented with a black fixation.

fMRI data acquisition

Participants underwent MRI scanning at 4 Tesla in a MedSpec Biospin MR scanner (Bruker
Ettlingen, Germany) and an 8-channel birdcage head coil. Mild external head restraint was
used to minimize head movement during scanning. Before collecting functional images, a
high-resolution T1 weighted image of the whole brain (MPRAGE: 176 slices, GRAPPA
acquisition with an acceleration factor of 2, FOV=256x256 mmz2, voxel size = 1x1x1 mm,
T1=1020 ms TE = 4.18 ms, TR = 2700 ms) was acquired for the purpose of spatial
coregistration. Whole-brain functional data were acquired using echoplanar imaging,
sensitive to BOLD contrast (34 slices, tilted 18° from intracommisural plane,
FOV=192x192 mm, voxel size = 3x3x3 mm, slice gap = 15%, flip angle (FA), 73°, TE = 33
ms, TR = 2 s per volume). We performed an additional scan to measure the point-spread
function (PSF) of the acquired sequence, which served for distortion correction that is
expected with high-field imaging. The experimental session consisted of 998 whole brain
images per participant; these included four dummy scans at the start of each time series to
allow for T1 equilibration. The experiment lasted about 40 min.

Univariate fMRI data analysis

To correct for distortions in geometry and intensity in the EPI images, we applied distortion
correction on the basis of the PSF data acquired before the EPI scans (Zeng & Constable
2002). The fMRI time series data were analyzed using SPM8 (http://www.fil.ion.ucl.ac.uk/
spm/software/spm8/) on a Matlab platform (Mathworks Inc.). Echoplanar images were
corrected for head movements, normalized to the Montreal Neurological Institute (MNI)
stereotaxic standard space, and then spatially (9-mm full-width half-maximum Gaussian
kernel) and temporally (cut-off period 256 s) smoothed. After motion correction two
participants were excluded from further analysis because of large head movements. For each
participant, an analytic design matrix was constructed, modeling onsets and duration of each
trial as epochs convolved with a hemodynamic response function. The five trial types were
modeled as separate regressors and interrogated to derive contrast images for second-level
(group) mixed-effects analysis using a general linear model. For each participant, within-
human/animal category contrast images of infants versus adults were created. Additionally,
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within-infant category cross-species contrast images were created. To remove potential
differences in information processing of cross-species features, brain activity related to the
contrast human-versus-animal within adults was subtracted from the within-infant category
cross-species contrast: (human infant - animal infant) - (human adult — animal adult). These
images were then entered into a second-level (random-effects) analysis to allow inferences
across participants that generalize to the population. One sample £tests on the contrast
images imported from the first-level analysis were performed to assess group effects across
all participants. The #tests indicated whether observed differences between infants and
adults, and human and animal infants, differed significantly from zero (Holmes & Friston
1998). The resulting SPM(t) maps were thresholded at p < 0.01 (cluster-wise family wise
error (FWE) correction for multiple comparisons). The cluster-forming threshold was set to
p < 0.001 uncorrected. To test for modulation of category-specific brain responses by human
infant stimuli, we measured activity during each condition and subject with respect to the
baseline in several regions of interest (ROIs). Parameter estimates in the lateral premotor
cortex (PMC), supplementary motor area (SMA), middle cingulate gyrus (mCG), anterior
insula (Al) and thalamus (Th) were extracted in spheres with 6-mm radius centered on peak
activations derived from HI > HA contrast (center of mass coordinates (MNI): right SMA
(6,—-15,72), right PMC (36,-6,45), left mCG (-6,-15,48), left Al (-28,15,-9) and right Th
(6,-27,-6)). ROI analysis was performed using the rfxplot toolbox (Glé&scher, 2009).
Moreover, to identify brain regions specifically activated by human infant faces
independently of the condition used for SPM contrast, a conjunction analysis was performed
(Minimum Statistic compared to the Conjunction Null (MS/CN), Nichols et al. 2005). This
approach allowed us to test for the conjunction of HI > HA, HI > Al, and HI > Ob contrasts
by testing the null hypothesis that one or more of the comparisons have not activated, the
conjunction null (MS/CN). As the test for the conjunction null hypothesis of the effects is a
quite conservative procedure, particularly in the contest of multiple comparisons, a threshold
of p<0.01 uncorrected was adopted (Nichols et al. 2005).

Multivariate fMRI data analysis

We applied a multivariate method based on a support vector machine classifier implemented
by our group (SVM; Lee at al. 2010) to fMRI data to measure the degree to which activity in
each region is predictive of the human infant face condition with respect to other conditions.

Anatomical regions were selected based on results of univariate conjunction analysis (Haxby
et al 2001; Mitchel et al. 2004; Polyn et al. 2005; Walther et al. 2009). The use of
anatomical masks led to ROI selection unbiased by an investigator. SVM classification was
performed separately on independent anatomical regions (SMA, right PMC, mCG, left Al
and Th) defined using the WFU PickAtlas toolbox as implemented in SPM8 (Maldjian et al.
2003). From each ROI, a mean BOLD value at each voxel of a ROl was acquired after
averaging BOLD time-series at each voxel for a single trial (2TRs). The mean BOLD values
in each ROI in each trial were collected into an input vector, whose design label was given
based on its condition (1 for HI, 2 for HA, 3 for AA, 4 for Al, 5 for Ob). To account for the
hemodynamic delay, the design label was shifted by two scans (4 s), and then the two
sessions of data from all 14 participants were used to construct the input vectors of
classifiers. To classify the data of pair-wise tests (HI vsHA, HI vs AA, HI vsAl, and HI vs
Ob) across sessions, SVM (linear SVM with the regularization parameter C = 1, using
SVMlight; Joachims 1999) were used in each separate session. Classification performance
from data within a session was evaluated through 28-fold crossvalidation (Hastie et al 2001).
In each fold, the data of 27 sessions were used to train the SVM classifier, and then the data
of one remaining session were used to test the classifier. This process was repeated across
all the folds without the testing sets overlapping across folds (leave-one-session-out cross-
validation). Classification accuracies were calculated over all 28 repetitions, and the 28
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values were used for a statistical test. One-tailed ~tests were used to assess whether
decoding accuracy was significantly above chance level (50%).

Behavioral data

Results

In a subsequent session, participants rated their feelings while viewing a sample of 24 faces
derived from the fMRI experiment stimuli (6 stimuli for each category: infant and adult
human faces, infant and adult animal faces). Feelings were rated according to four 7-point
scales: positive emotions toward the organism, willingness to approach the organism,
willingness to smile at the organism, willingness to communicate with the organism. All
scales ranged from not at all to extremely and were selected on the basis of the literature on
adult-infant interactions to assess the degree of adults’ typical and prominent responses to
faces (Beebe et al. 2007; Feldstein et al. 1993; Stern 1985; Trevarthen 2003).

Functional imaging data

Neuroimaging data were analyzed to compare brain responses to the four face categories. To
test our main hypotheses, brain responses to human infant and adult faces were compared in
intra-species contrasts. Moreover, to clarify whether adults’ brain responses to infant faces
are species specific, cross-species contrasts were performed comparing responses to human
and animal infant faces.

Intra-species comparisons—Human infant faces compared to human adult faces
revealed a peak maximum in the supplementary motor area (SMA, BA 6) (Table 1, Figure
1). BOLD signal clusters included the fusiform gyrus (BA37, BA19), the precentral gyrus
(BA 6), the middle cingulate cortex (BA 31, BA24), the left anterior insula (BA 48), and the
thalamus. No significant effects in brain activity were observed when infant animal faces
were compared to adult animal faces. Furthermore, no significant activation was observed
when human adult faces were compared to human infant faces excluding possible residual
variance effects between stimulus categories.

Cross-species comparisons—Potential effects due to inter-species differences were
appropriately controlled (see fMRI data analysis section). When compared to animal infant
faces, human infant faces were associated with a peak maximum the middle frontal/
precentral gyrus (BA 6) (Table 2). Clusters of BOLD activity were also observed in the
fusiform gyrus, the supplementary motor area (BA 6), the superior temporal pole/anterior
insula, and the middle cingulate cortex. No significant effects in brain activity were
observed when faces of adult humans were compared to faces of adult animals and when
animal infant faces were compared to human infant faces.

Parameters estimation on the selected regions (SMA, PMC, mCG, Al and Th) revealed that
participants showed enhanced response to human infant with respect to human adult, animal
adult and infant, and object. SPM beta values are plotted as effect size in Figure 2.

Conjunction analysis—The conjunction analysis of the three contrasts (HI > HA, HI >
Al, and HI > Ob) revealed those areas that exhibit a group effect and that are significant
(thresholded) in the three contributing SPM maps (Table 3). These areas were the left Al,
left Th, middle temporal gyrus bilaterally, left mCG, left SMA, and right PMC.

SVM Classification—To test our hypotheses, we evaluated whether SVM could

consistently classify the fMRI signals from SMA, PMC, mCG, Al, and Th between the HI
condition and HA, AA, Al, and Ob conditions. Our analysis indicated that SVM could
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discriminate between HI and remaining conditions with a decoding accuracy significantly
better than chance across all pair-wise comparisons and for all the selected ROls (p <
0.0001). Average accuracy varied from 55.10% to 63.78% (Figure 3, Table 4).

Behavioral data

Separate ANOVAS were carried out with the scale scores as dependent variables and with
age (baby vsadult) and species (human vsanimal) as within-subjects factors. Main effects
of age for all scales indicated higher rates for infant compared to adult scores (positive
emotions, A1, 11) =31.21, p<0.01, nzp =.53; willingness to approach, A1, 11) =31.21, p
<0.001, 12, = .76; willingness to smile at, A1, 11) = 20.05, p= 0.001, n?, = .67;
willingness to communicate with, A1, 11) =8.17, p<0.02, nzp =.39. No species main or
interaction effects emerged.

Discussion

The present study aimed to assess whether generic human infant faces elicit activity in
specific brain circuits underlying essential adult responsiveness to infants. We hypothesized
that non-parents’ processing of unfamiliar infant faces compared to adult faces would
activate brain circuits involved in preparation for communicative and interactive responses
as well as reward circuits previously shown to mediate attachment and caregiving behaviors
in parents towards their own children. We included animal faces in this study to assess
whether hypothesized brain responses relate to a disposition to respond specifically to
human children (a species-specific mechanism) or a more general inclination toward infants
(a species-general mechanism). Using functional MRI, we identified brain regions that
specifically respond to human infant faces. Brain regions showing enhanced BOLD
response included the lateral premotor regions, the supplementary motor area, the thalamo-
cingulate circuit, and the left anterior insula. Moreover, all these regions allowed
significantly above chance-level prediction of brain state during human infant face
perception. Results from our multivariate pattern analysis confirmed the results of univariate
analysis and further support the assumption of a critical role of these brain systems in
mediating responses to human infants.

In support of our first hypothesis, the observed large involvement of the supplementary
motor area as well as the lateral premotor areas in response to unfamiliar and emotionally
neutral infant faces suggests that human infants trigger adults’ preparatory behavior. The
role of the supplementary motor area in the preparation of voluntary action has been
demonstrated extensively (Nachev et al. 2008). The SMA is also implicitly activated in
humans to facilitate behavioral responses to specific objects when they are simply observed
without active movement being performed (Grezes & Decety 2005). Moreover, this brain
region, along with lateral premotor areas, generates a negative potential known as the
Bereitschaftspotential — “readiness potential” — that antecedes movement onset (Deecke &
Kornhuber 1978; Goldberg, G. 1985; Jahanshahi et al. 1995). The Bereitschaftspotential is
considered the neural correlate of intentional movement planning that can be measured even
when people are unaware of their intention to move (Haggard & Eimer 1999). As
participants in our study were not asked to execute any motor task, the observed premotor
activity might reflect the implicit preparation to respond to infant faces. In conjunction with
behavioral studies of early adult-infant transactions that highlight syntonic intuitive
communicative behaviors, our neuroimaging results seem to confirm that infant faces
activate a “readiness” to interact with babies. Supporting this interpretation, a behavioral
study of implicit attention to infants (Brosch et al. 2007) reported faster response times to
unfamiliar human infant pictures compared to adults pictures, in adults independent of
gender; motor facilitation associated with enhanced activity in the premotor regions could
help to explain the observed decreased time to respond to infants.
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In a related way, the SMA along with the premotor cortex and the left anterior insula have
been also implicated in preparation and intention to communicate (Alario et al. 2006;
Brendel et al. 2010; Riecker et al. 2005). In particular the SMA underlies preparation for
verbal utterance and initiating vocal tract movements during speech production (it is the so-
called “starting mechanism of speech”; Ackermann & Riecker 2010; Ackermann & Ziegler
2010; Botez & Barbeau 1971; Brendel et al. 2010). In early dyadic interactions, adults
readily speak to infants even though they know that babies cannot understand language and
will not reply, and adults even speak to babies in a special speech register called “infant-
directed speech” that includes multiple specific (prosodic, simplicity, redundancy, lexical,
and content) modifications from adult-adult or even adult-child speech. Infant-directed
speech is believed to be intuitive, nonconscious, and virtually universal; indeed, adults
cannot help themselves from using it (Papousek & Bornstein 1992).

The measured increased activity in the fusiform gyrus, a critical area for face perception,
during the observation of unfamiliar infant faces compared to adult faces suggests enhanced
visual inspection and attention devoted to infant stimuli. Brosch and colleagues (2007)
reported that human infant faces, having high biological significance, selectively modulate
adult attention.

Increased response in areas associated with face perception and attention, along with the
insula and the thalamus, was previously reported when mothers (/7=7) were observing
unfamiliar (school-age) children compared to unfamiliar adults (Leibenluft et al. 2004).
However, the authors did not observe activity in premotor areas perhaps because they also
used pictures of participants’ own children that engendered an attention bias.

From an evolutionary perspective, adults’ responsiveness to human infant cues reflected in
increased allocation of attention and readiness to respond, has a clear adaptive value as it
favors offspring and species survival. Moreover, the adaptive value of adult responsiveness
to infants not only pertains to their survival but might extend to fostering children’s mental
development. During early dyadic interactions, adults and infants display mutually regulated
intersubjectivity as evidenced by video microanalysis (Beebe et al. 2007; Feldstein et al.
1993; Stern 1985; Trevarthen 2003). These intuitive adult behaviors foster communicative
motivation in children allowing the mutual regulation of one another’s interests and feelings
into rhythmic patterns, based on the exchange of multimodal communicative signals and on
imitations of vocal, facial, and gestural expressions (Bornstein et al. 2008a, 2008b, Manian
& Bornstein 2009). These dyadic transactions are essential to infant psychological
development, and they are regulated by adults’ attunement to baby communicative and
emotional signals. Our results support the idea that baby faces represent salient stimuli that
convey affective and communicative signals to which adults are prompt to respond and
ready to modulate their interactive behaviors.

Consistent with our second hypothesis, human infant faces compared to human adult faces
elicited activation of the thalamo-cingulate dopaminergic system and insula. These areas
have previously been implicated in parents’ responses to their own children (Swain et al.
2007), but our results refine this conclusion and indicate that human infant faces in general
are trigger features for adults. Neuroimaging studies in human adults focusing on maternal
responses to their own versus other children reported stronger activity in striate and
extrastriate visual areas and in reward-related areas to own versus other infant faces
(Leibenluft et al. 2004; Ranote 2004; Strathearn et al. 2008). These studies contributed to
contemporary brain models of human parenting: based on the literature on nonhuman
mammal parenting and existing neuroimaging studies of human parents, Swain and
colleagues (2007) hypothesized that human parenting behaviors might be mediated by a
complex circuit of brain structures generally involved in social behavior but specifically
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responsive to stimuli that are relevant to parenting. In this model, the brain areas that
underlie parental responses to infant stimuli include (a) the cingulate with feedback loops
involving midbrain, basal ganglia, and thalamus, that are implicated in motivation and
reward (Strathearn et al. 2008), (b) the frontal, insular, fusiform, and occipital areas,
involved in complex planning and social emotional/empathic responsiveness (Bartels &
Zeki 2004), and (c) detection centers for arousal and salience of emotional stimuli, including
amygdala, hippocampus, and insula (LeDoux 2003). Here, we found that human infant
faces, regardless of familiarity, activate essential components of this model of the parenting
brain (Swain et al. 2007). Thus, our findings appear to support a general human adult
inclination to respond sensitively to infants and may constitute a foundation of “intuitive
parenting” (Papoudek & Papousek 2002). This pattern of response also accords with the
view that the human social brain evolved in a situation where alloparenting was common, as
would be true in the environment of evolutionary adaptedness (Hrdy 1999; Lorenz 1971),
that is where many adults shared responsibility for infant care.

The observed brain activity underlying adults’ responsiveness to infants stands as
complementary to compelling evidence that young infants themselves anticipate that their
adult interactants will respond. The “still-face” paradigm (Tronick et al. 1978) validates this
expectation on the part of babies. An adult who is naturalistically interacting with an infant,
and suddenly becomes non responsive, typically elicits demonstrative upsetness from the
infant — more than does the adult physically departing the interaction altogether (Field et al.
2007; Tronick et al. 1978).

The observed brain activity in response to human infant stimuli accords with appraisal
theories of emotion, positing that emationally significant stimuli enhance visual processing
and attention and elicit changes in the autonomic, motor, and motivational system to prepare
the organism for adaptive responses (Scherer 2001). Such theories extend the concept of
“preparedness” — that indicates an innate predisposition to selectively focus on threat stimuli
(Seligman 1971, Ohman & Mineka 2001) — to all biologically salient stimuli independent of
their valence.

With respect to cross-species comparisons, although we found no differences in brain
responses to human and animal adult faces, we observed species-specific activation to
human infant faces compared to animal infant faces. This pattern resembled the activation
we found in the comparison of human infant with human adult faces. Specifically, the
premotor regions, including SMA, the fusiform gyrus, the left anterior insula, and the middle
cingulate cortex, were activated preferentially by human infant faces when compared to
animal infant faces. These results suggest that adults’ preparation to respond and interact is
specific to human infants. Lorenz (1943; 1971) hypothesized that features of infant
physiognomy are similar across different species and elicit human adult responses of care
and affection even towards infants of different species. Our participants’ subjective ratings
of feelings of positive emotions and willingness to approach, to smile, and to communicate
elicited by infant faces accord with Lorenz’s intuitions and with previous studies (Fullard &
Reiling 1976; Sanefuji et al. 2007). Both human and animal infants scored higher compared
to their respective adult forms in all dimensions, although all stimuli were balanced for
attractiveness. Moreover, within infants no differences were found between species.
Nonetheless, our fMRI findings showed adults’ brain responses only to human baby schema,
in comparison with both human adult and animal infant. A possible explanation of the
observed discrepancy between behavioral and neurobiological results may rely on the fact
that the former is an explicit task whereas the latter is an implicit measurement. Behavioral
studies using implicit tasks (e.g., “dot probe task”, Brosch et al 2007) have demonstrated
that pictures of neutral human infant faces compared to animal faces (cats and dogs)
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increase the spatial deployment of attentional resources, indicating a perception bias to
conspecifics.

In summary, our neuroimaging results suggest that adult brain responses to human infant
faces are species-specific and point to a human predisposition for solicitude of very young
children, rather than a general cross-species inclination to infant care and affection activated
by infant forms generally. A limitation that arises in relation to this conclusion concerns the
species considered in the contrast conditions in this study. To reduce the possible effects of
differential familiarity, common domestic mammals (cats and dogs) were shown as non-
human exemplars. In an extension of this line of research, we are investigating human brain
responses to mammalian species (such as primates) closer to humans in the evolutionary
line.

Prominent twentieth-century ethologists and developmental scientists (Ainsworth et al.
1974; Bowlby 1969; Lorenz, 1971) opined that infant morphology and communicative
signals prompt adult proximity and care that in turn secure child survival and promote
healthy development. In line with this overarching view, we identified brain circuits that
subserve preparation to respond and reward in the presence of human infants. Visual
processing of infant faces predisposes adults to interact with them, an attitude that is readily
apparent in close observation of healthy adult-infant interactions. We observed these
mechanisms in non-parent adults’ perceptions of unfamiliar infant faces, indicating that they
transcend any adult relationship with the baby. The complex of species-specific brain
responses we identified appears to include biological mechanisms that underlie
responsiveness and a caring inclination toward young children.

Results from this fMRI inquiry broaden and deepen our understanding of the neural
foundations of human caregiving and help to direct clinical work aimed to identify adults at
risk for deviant parenting.
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Infant > Adult

Figure 1.

SPM t-maps of adults brain activations in response to infant faces compared to human adult
faces. A = anterior. R = right. Al = anterior insula. Tha = thalamus. mCG = middle cingulate
gyrus. PMC = premotor cortex. SMA = supplementary motor area.

Neuroimage. Author manuscript; available in PMC 2013 January 28.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Cariaetal.

Page 15

SMA (6-1572)

Parameter Estimate (a.u.)
3
3
2
z
e

PMC (36-645)

Parameter Estimate (a.u)
s °

HA M A H ob

mCG (-6-1548)

Parameter Estimate (2.u.)

HA M Al H ob

Anterior Insula (-28 15 -9)

Parameter Estimate (a.u.)
» o o

HA M Al H Ob

Thalamus (6 -27 -6)

Parameter Estimate (a.u.)

Figure 2.

The plot shows the mean effect in all five relevant conditions extracted form the right
supplementary motor area, right premotor cortex, middle cingulate gyrus, left insula and
thalamus (MNI coordinates are in brackets). See Results and Table 1 for additional
significant areas during observation of human infant faces in comparison with human adult
faces and animal infant faces. Bars represent group mean of parameters estimates and
standard error of the mean (SEM) that were calculated using rfxplot toolbox for SPM
(Gléscher 2009). a.u. = arbitrary units, HA = human adult; AA = animal adult; Al = animal
infant; HI = human infant.
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Classification accuracy of group data in the 28-fold cross validation (leave-one-subject-out

approach; mean accuracy [%] + standard error of the mean [%]) of pair-wise tests

comparing HI vs HA, HI vs AA, HI vs Al and HI vs Ob for each separate ROIs.
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SMA
PMC
mCG
Al
Tha

HI>HA  HI>AA

55.10
59.44
56.38
57.65
56.38

60.71
62.50
63.27
62.76
61.73

HI>AI
57.40
57.91
56.63
63.78
56.63

HI>Ob
59.18
61.22
58.93
61.48
60.46
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