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Abstract

We examined the ability to discriminate facial expressions among 8-year-old children who had
been abandoned and placed in institutions in infancy and children with no institutional rearing
(Never Institutionalized Group; NIG). Following a baseline assessment (average age=22 months),
half the institutionalized children were randomly assigned to a foster care intervention (foster care
group; FCG) and half to remain in the institution (care as usual group; CAUG). All three groups
had a more difficult time recognizing fearful as compared to neutral expressions. However, the
NIG and FCG were both better at inhibiting responses to neutral and fearful faces than the CAUG.
Regarding ERPs, the P1 was biggest to angry faces for the NIG, smallest among the CAUG and
intermediate for the FCG. The N170 and the P300 were biggest to fear in all groups. Although the
children in foster care showed improvements in their ability to recognize fear and neutral faces,
and their P1 to angry was midway between the NIG and CAUG, we observed no timing of
placement effects. These findings support the view that institutional rearing leads to deficits in the
ability to process facial emotion, and placement in foster care partially, although incompletely,
ameliorates these deficits.

An important function of the brain is to scan incoming sensory information for the presence
of relevant signals and act on this information. For humans, the most salient signals are often
social in nature, such as the identity and the emotional expression of the faces we encounter
in our everyday lives. Indeed, it can be argued that our survival as a species depends in large
measure on these skills.

Although there is now considerable research that describes the development and neural
bases of facial emotion processing, much less work has been done to examine children
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whose emotion recognition skills have been altered or compromised by exposure to species-
atypical early experiences. As has been the case with the literature on experience-dependent
changes in brain function in general (see Fox, Levitt, & Nelson, 2010), the role of
experience in the development of face processing has historically been examined by
studying the effects of deprivation and/or abnormal or atypical early experience. For
example, Mondloch, Maurer and colleagues studied the face processing abilities of children
with congenital cataracts who were deprived of patterned visual input for the first months of
life, and then had their vision restored. These children showed normal processing of facial
features (e.g., subtle differences in the shape of the eyes and mouth), but impairments in
processing facial configuration (i.e., the spacing of features within the face; Le Grand et al.,
2001; Mondloch et al., 2002). These and related studies suggest that visual input during
early infancy is necessary for the normal development of at least some aspects of face
processing.

In a similar vein, maltreated children generally perform more poorly on emotion recognition
tasks than do non-maltreated children (Camras, Grow, & Ribordy, 1983; Camras, Ribordy,
& Hill, 1988). For example, Pollak and colleagues reported that perception of the facial
expression of anger, but not other expressions, was altered in children who had experienced
physical abuse. Compared to children with no history of abuse, Pollak and colleagues report
that abused children showed a response bias for anger (Pollak, Cicchetti, Hornung, & Reed,
2000), identified anger based on less perceptual input (Pollak & Sinha, 2002), and showed
altered category boundaries for anger (Pollak & Kistler, 2002). These results suggest that
exposure to a limited range of facial emotion and/or altered emotional interactions with
caregivers results in a change in the basic perception of emotional expressions in abused
children.

A dramatic example of adverse early experience for young children is institutional rearing.
Over the past 10 years we have been conducting a randomized controlled trial of foster care
for early institutionalization (see Zeanah et al., 2003; Nelson et al., 2007 for study details).
In the Bucharest Early Intervention Project (BEIP), three groups of children have been
studied: those abandoned, placed and then raised in one of six institutions in Bucharest,
Romania; those abandoned and placed in one of these institutions but then placed in high-
quality foster care created, maintained and monitored by the study team; and never
institutionalized children who live with their parents in Bucharest. Over time, we
consistently reported that children with a history of institutionalization show impairments
and delays in a variety of areas, including diminished intellectual function (Nelson et al.,
2007; Fox et al., 2011), language (Windsor et al., 2007, 2011), and growth (Johnson et al.,
2010); reductions in brain activity (Marshall et al.2004, 2008; VVanderwert et al., 2010);
deficits in executive functions (Bos et al., 2009); a high prevalence of stereotypies (Bos et
al., 2010) and of psychopathology (Zeanah et al., 2009); and disturbances of attachment
(Smyke et al., 2010; Gleason et al., in press). In some of these domains we also observed
considerable recovery if children are placed in high quality foster care before the age of
approximately 2 years. Not surprisingly, the precise age cutoff varies by domains, with, for
example, the sensitive period being earlier for language than for 1Q (see Nelson, Bos,
Gunnar, & Sonuga-Barke, in press). In other domains, however, we have seen little effect of
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foster care regardless of age at entry — for example, the prevalence of externalizing problems
such as conduct disorder or disruptive behavior disorder is as high among children placed in
foster care as among children living in institutions (see Zeanah et al., 2009), as is the
prevalence of executive function problems (Bos et al., 2009).

There has been one domain, however, that appears to show relative sparing, and that
pertains to the discrimination of facial identity and facial emotion. Across a series of studies,
beginning in infancy and culminating at 3.5 years, using both behavioral and
electrophysiological assays, we reported relatively few differences in how institutionalized
children vs. never institutionalized children discriminate facial identity and facial emotion.
For example, at age of entry into the study (average age 22 months; range = 5-31 months),
using a preferential looking paradigm, we (Nelson et al., 2006) reported that institutionalized
children performed just as well as never institutionalized children on a looking time task that
tapped the ability to discriminate happy, sad, neutral and fearful faces; moreover, both
groups showed the typical profile of looking longer at fearful faces vs. other faces (see
Leppanen & Nelson, 2009 for discussion). We then followed up this sample after
randomization to foster care, testing them again at 42 months, using the same paradigm and
stimuli. Once again, we observed no group differences (see Jeon et al., 2010).

We have also examined the electrophysiological correlates of emotion processing in BEIP
children. For example, we (Parker et al., 2005) presented infants at the initial assessment
point (baseline) with alternating images of happy, fear, anger and sad faces while recording
event-related potentials (ERPs). Although the institutionalized infants showed reduced
amplitude of all ERP components, for the most part, there were only minor differences in
emotion processing. Specifically, we found differences primarily in a number of early
(sensory) components (N170, P250), but no differences in later, more perceptual, cognitive
components (NC, PSW). In a follow up to this study, when the children were 42 months of
age, the same paradigm was used, with essentially the same result -- no group differences in
discriminating happy, sad, fearful or angry faces (Moulson et al., 2009a). Moreover, as in
the behavioral study at 42 months (Jeon et al., 2010), and as Nelson & de Haan (1996) have
observed in typically developing 6 month olds, all three groups of children showed a larger
NC component (indicative of attention allocation) to the fearful face, a typical
developmental pattern. Of particular interest in this study are two ERP components linked to
early visual processing — P1 and N170, and two components linked to attention and
inhibitory control — N2 and P300. Both the P1 and N170 have been shown to possess both
sensitivity and specificity to face processing (with the N170 possessing great specificity than
the P1). The N2 has been shown to be manipulated by attentional demands, whereas the
P300 has been shown to be manipulated by both attentional and processing demands.

We originally hypothesized that institutional rearing would lead to deficits in facial emotion
processing due to the effects such experiences have on the amygdala and orbitofrontal
cortex, key structures involved in processing facial emotion (particularly fear; see Leppanen
& Nelson, 2009; Leppanen & Nelson, in press). In fact, recent evidence indicates both
structural (Mehta et al., 2009) and functional (Tottenham et al, 2011) consequences of such
experience on the amygdala. However, because the cortical specialization that underpins
facial emotion processing depends so heavily on experience, if children in institutions have
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adequate exposure to faces and facial emotion, a competing hypothesis is that discriminating
facial expressions might be intact. Indeed, across our 4 studies to date examining this ability
(reviewed above), we have found this to be the case. Nevertheless, discriminating one
expression from another to some degree only requires relatively low-level perceptual
abilities, which may be partially spared by institutional rearing. In the current study we were
more interested in the recognition of facial emotion, not simple discrimination. Based on the
work of Pollak and others, we anticipated that recognizing basic facial emotion (e.g. neutral)
would be impaired in children with histories of institutionalization, however highly salient
affective cues, such as those denoting anger or fear, might be spared as minimal exposure to
these cues can induce adequate processing. However, whether there is sufficient plasticity in
this system such that deficits in processing emotion can be compensated for by placement in
foster care is unknown. Finally, although behavioral deficits were anticipated in processing
facial emotion among our institutionalized children, we were less certain what to expect
when it came to our ERP data. On the one hand we expected all three groups to be
comparable in detecting the task relevant stimulus — an angry face — and thus show a normal
P300. On the other hand, we did expect to observe a reduction in amplitude and prolonged
latency of the P1 and N170 to the different emotions among the care as usual children
compared to the never institutionalized children, although we were uncertain what to expect
among the FCG. A similar pattern of findings was anticipated for the P1 and N2 components
(i.e., reduced amplitude, longer latency). Regarding brain and behavior associations, we had
several predictions. First, we predicted that there would be a positive correlation between the
amplitude of the P300 (invoked by the task relevant stimulus, angry) and response accuracy;
and second, that these correlations would be highest for the NIG, second highest for the
FCG and worst for the CAUG.

To test these hypotheses, in the current study we report on the BEIP sample at age 8 years,
using a somewhat more demanding task of emotion recognition. Specifically, we asked
children to keep track of one particular emotion — anger — and to ignore two others — neutral
and fear. On the assumption that a history of institutional rearing perturbs the development
of the amygdala and its many projections, we hypothesized that children with a history of
institutionalization would show impaired recognition of facial emotion both behaviorally
and electrophysiologically.

The BEIP has been extensively described in a series of papers, and thus, we refer the reader
to two papers in particular that describe in great detail our experimental design (Zeanah et
al., 2003; Nelson et al., 2007) and the ethical issues that confronted the investigative team
(Zeanah et al, 2006). Here, we offer only a brief description of the overall project and then
discuss the design of the current study.

From a sample of 187 children abandoned at or near the time of birth and placed in one of
six institutions throughout Bucharest, 136 were selected for participation in this study. These
136 children were deemed to be free of major genetic or neurological disease/disorders and
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not to have shown signs of fetal alcohol syndrome. Following an extensive baseline
assessment when they were 6-30 months of age, half of these children were randomly
assigned to remain in institutional care — what we refer to as the Care as Usual Group
(CAUG) - and the other half were randomly assigned to a high-quality foster care program
we created, maintained, and monitored — the Foster Care Group (FCG) (see Smyke et al.,
2010 for details of the foster care program). We also enrolled an additional group of never
institutionalized children (NIG) who had never spent time in an institution and who were
recruited from pediatric clinics in Bucharest.

Between study entry and age 8 years, there were many changes in children’s group
assignment. Thus, many children initially assigned to either the CAUG or FCG had changed
living arrangements. Figure 1 illustrates the initial status of the children, as well as their
status at age 8 years. At 8 years, 53 FCG children and 48 CAUG children agreed to
participate in the testing session. In addition, 41 children from the NIG were included as a
comparison group; of these, 16 were not part of the original longitudinal sample. Children
were excluded from further analysis if their full-scale 1Q, as measured on the Wechsler Test
of Intelligence was less than 70 (14 CAUG, 10 FCG, 1 NIG). An additional 5 children were
excluded due to equipment failure (3 CAUG and 2 NIG), and 1 child (NIG) was excluded
for task non-compliance. The final sample for analysis of behavioral data included 31 (12
female) CAUG children, 43 (21 female) FCG children and 37 (16 female) NIG children.
Children were excluded from electrophysiological analysis if they had fewer than 10
artifact-free ERP trials per condition or excessive eye or body movement artifact. The final
sample for analysis of ERP data included 26 (11 female) CAUG, 38 (18 female) FCG, and
33 (14 female) NIG children.

As in previous reports, all data were analyzed by adopting an intent-to-treat design; that is,
we maintained the original group assignment of children regardless of where such children
were residing at the time of the study. In so doing, the advantages of randomization were
preserved, and thus estimates of the effects of the intervention were conservative. In
addition, this approach permits the strongest test of our hypothesis that it is early experience
that most powerfully contributes to subsequent development.

Informed consent was signed by the local Commission on Child Protection for each child
participant living in his sector of Bucharest, as dictated by Romanian law. Further assent for
each procedure was obtained from each caregiver who accompanied the child to the visit.
The Institutional Review Boards of all three US Universities (representing Fox, Nelson &
Zeanah) also approved the protocol.

Stimuli and Procedure

Drawing from the NimStim set of facial emotions (Tottenham et al., 2009), children viewed
color photographs of Caucasian females portraying angry, fearful, and neutral expressions.
Among this stimulus set, the Caucasian faces were most representative of the types of faces
that Romanian children frequently encounter. We focused our attention on these three
emotions for several reasons. First, it has been our intuition that children in institutions (at
least in our institutions) are exposed to considerably less positive affect than negative affect,
and thus, we sought to juxtapose two negative emotions to determine whether there would
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be a differential response. Second, a great deal is known about the neural substrate for
fearful faces, although less is known about anger and neutral faces. Thus, we wanted to be
certain to include fear as one of our stimuli (given its links to the amygdala, for example).
Third, we used a neutral expression as a template against which the other expressions could
be compared. Finally, although it would seem desirable to have included additional
emotions (e.g., sad, happy), we were well aware of the performance limitations of many of
our children and thus felt compelled to limit the task to just three emotions. Each emaotion
category was presented 48 times, randomly and equally distributed across 144 total trials.
Each trial consisted of a 100-ms baseline, a 500-ms stimulus presentation, and a 700-ms
post-stimulus recording, resulting in a total trial length of 1300-ms. The intertrial interval
randomly varied between 500 and 1000 ms. Children were instructed to press a button
whenever they saw an angry face, and not to press the button when they saw either a neutral
or fearful face. The faces were presented on a gray background centered on a 15” computer
screen and subtended a visual angle of approximately 5.3° x 6.5°. Every child completed the
entire experiment.

The limitations of this task must be acknowledged. Although we could readily compare
children’s overt responses to angry faces, because children were not asked to push a button
to fear or neutral, we would have to infer accuracy information about these emotions from
the lack of a button press. This in and of itself presented children with essentially two tasks:
push to angry and do not push to fear or neutral. If we had been testing adults or a sample of
typically developing children, we may well have elected to do a task that required three
button presses (i.e., push one button to angry, another to fear, yet another to neutral).
However, it is important to note that many of the children in this study are cognitively
challenged (e.g., the Mean 1Q of the CAUG is in the mid to upper 70s), and we were not
confident that these children could perform such a complicated task. Thus, our compromise
was to require children to push only one button. Second, by electing to make angry the
target emotion we were unable to compare one target emotion to another (e.g., anger vs.
fear). Again, it would have placed undue demands on our children to extend the task to all
three emotions and if we had counterbalanced the task (for one group angry is the target, for
another fear and for yet another, neutral), we would have lacked statistical power. These
limitations notwithstanding, we felt that the current task would provide invaluable
information about emotion processing, and would shed light on the impact of early
psychosocial deprivation on this ability.

Procedure and Experimental Design

Children were seated in front of a computer screen and an electrode cap (Electro-Cap
International, Inc., Eaton, OH) was fitted to their head (for details, see Moulson et al.,
2009a,b; Vanderwert, 2010). Based on the International 10/20 system (Jasper, 1958),
electrode location corresponded to 13 scalp locations (Fz, F3, F4, Cz, C3, C4, Pz, P3, P4,
T7, T8, O1, 02) and left and right mastoids. The electro-oculogram (EOG) was recorded
from electrodes placed directly above and below the left eye to record blinks and other eye
movements. Cz was the reference electrode during acquisition. Following electrode
placement, a mildly abrasive gel was inserted into each of the electrode sites, after which the
scalp under each electrode site was gently abraded. A small amount of electrolytic gel was
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then inserted into each electrode. Impedances were at or below 10 ke for each electrode.
EEG and EOG signals were amplified by factors of 5,000 and 2,500 respectively, with a 0.1
to 100 Hz band-pass filter, using custom bioelectric amplifiers from SA Instrumentation
Company (San Diego, CA). All channels were digitized at 512 Hz onto the hard drive of a
PC using a 12-bit analog-to-digital converter (+/- 2.5 V input range) and Snap-Master
acquisition software (HEM Data Corporation, Southfield, Ml).

A 30-Hz digital lowpass filter was applied using the ERP Analysis Systems software from
James Long Company (Caroga Lake, NY). Subsequent data processing was carried out
using the ERP32 data analysis software package (Version 3.82; New Boundary
Technologies, Minneapolis, MN). Channels that exceeded +/- 100 microvolts were marked
as bad in a particular trial. After the data were re-referenced to an average mastoids
configuration, individual averages were created for each of the three stimulus conditions
(anger, fear, neutral) using 100 ms prior to stimulus onset for baseline correction. During the
averaging process, a trial was rejected if there were more than two channels marked bad due
to artifact. Additionally, a blink correction algorithm was applied based on methods
described in the literature (Gratton, Coles, & Donchin, 1983). Participants with fewer than
10 good trials per condition were excluded from further analysis. Only trials where a correct
behavioral response was made within 1200-ms following stimulus onset were included for
analyses. On average, participants contributed 32 trials per emotion condition (SD = 7.7).
Grand means were created by averaging the individual averages together.

Grand means were inspected to identify components of interest (these components were
targeted based on past face processing research). Two occipital components (P1, N170), one
frontocentral component (N2), and one midline parietal component (P300) were analyzed.
Peak amplitude (uV) and latency to peak amplitude (ms) were automatically extracted for
the P1 (80-160 ms) and N170 (150-300 ms) at the right and left occipital electrodes (O1,
02), and for the N2 (300-500 ms) at central electrodes (C3, Cz, C4). Mean amplitude was
extracted for the P300 (500-800 ms) at the midline parietal electrode (Pz).

All statistical analyses were conducted using IBM SPSS Statistics 18.0. Because children
were pressing a button to angry faces and inhibiting a button press to fearful and neutral
faces, we considered this analogous to two tasks, and as a result, conducted separate
analyses by trial type (i.e., one analysis on the “push-to-angry” trials and another to “do not
push-to-fear/neutral” trials). Group differences in behavioral accuracy and reaction times for
angry faces were examined using univariate analysis of variance (ANOVA). Behavioral
accuracy (as inferred by the correct inhibition of a button press) for neutral and fearful faces
were analyzed using a 2 emotion x 3 group (CAUG, FCG, NIG) repeated-measures (RM)
ANOVA.

Electrophysiological measures (amplitudes and latencies) were also analyzed using RM
ANOVA. Greenhouse-Geisser corrected degrees of freedom were used when the assumption
of sphericity was violated. As in the behavioral data, ERP responses to angry faces were
analyzed separately from neutral and fearful faces. Except for the P300, all analyses
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included group (CAUG, FCG, NIG) as a between-subjects factor and electrode as a within-
subjects factor. Specifically, two levels of electrode (01, O2) were included for the P1 and
N170 analyses, and 3 levels of electrode (C3, Cz, C4) were included for the N2 analyses.
The P300 is maximal at electrode Pz, therefore group comparisons were conducted for the
mean amplitude at this electrode only. When the omnibus ANOVA revealed significant
main or interaction effects (p < .05), post hoc comparisons were carried out and bonferroni
corrections for multiple comparisons were applied.

There were no associations between gender and any of the behavioral or
electrophysiological dependent measures, and thus, gender was not included as a covariate
in any of the analyses.

Behavioral Data

ERP Data

Univariate analyses revealed no differences between the groups for accuracy in identifying
angry faces, F(2,110) =.777, p = .462., suggesting that children in all three groups were able
to stay on task. Analyses of group and emotion effects for fearful and neutral face trials
revealed a main effect of group, F(2,109) = 6.836, p = .002. Follow-up tests indicated that
while the NIG (M = 84.2%, SD = 8.3) and FCG (M = 80.0%, SD = 14.3) showed equivalent
behavioral performance on trials involving the inhibition of a button press (p = .638), both
groups showed significantly better inhibition than children in the CAUG (M = 72.3%, SD =
14.6), pitalic> .05 (see Figure 2). Analyses also revealed a main effect of emotion, F
(1,109) = 270.184, p bold> .001, whereby all children showed better inhibition performance
for neutral faces (M = 90.5%, SD = 9.9) compared to fearful faces (M = 68.1%, SD = 19.3).
This last finding permits the inference that children had a harder time recognizing fear than
they did neutral.

Univariate analyses of mean reaction times for correctly identified angry face trials revealed
no differences between the groups (CAUG M =634 ms, SD =82; FCG M =613 ms, SD =
89; NIG M =633 ms, SD = 87), p=.507.

P1—Analysis of peak amplitude for angry faces revealed a marginal group effect, F(2,90) =
2.864, p = .06) such that angry faces elicited larger P1 amplitudes from children in the NIG
(M =16.19 uV, SD = 4.7) than for those in the CAUG (M = 12.70 uV, SD = 6.2); children in
the FCG (M = 14.28 nV, D = 5.6) showed responses that were not significantly different
from the NIG or CAUG. Analyses of neutral and fearful face trials revealed a main effect of
electrode, F(1,90) = 4.323, p = .04, which was qualified by an electrode x group interaction,
F(2,90) = 4.269, p = .017. Post hoc comparisons revealed that only children in the CAUG
showed larger P1 amplitudes at electrode O2 (M = 14.52 uV, SD = 6.6) compared to O1 (M
=12.38 pV, SD = 6.4), whereas children in the FCG (O1 M =15.0 uV, D =5.6; 02 M =
14.64 pVv, SD =5.3) and NIG (O1 M =15.63 uV, SD =5.4; 02 M = 16.02 pV, SD =5.9)
showed similar amplitudes across both occipital electrodes.
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Analysis of latency to the P1 component for angry faces revealed no main or interaction
effects of group or electrode. There were also no main or interaction effects of group,
electrode or emotion type for P1 latency on neutral and fearful face trials.

N170—Analysis of N170 peak amplitude for angry faces showed no significant main or
interaction effects of group or electrode. Analyses of neutral and fearful face trials revealed
a main effect of electrode, F (1,90) = 4.728, p = .032. A comparison of the electrode means
indicated that data from O1 (M = -1.18 pV, SD = 4.1) showed larger peak amplitudes
compared to 02 (M = -.60 pV, SD = 4.1). There was also a main effect of emotion, F (1,90)
=4.156, p = .044, in that fearful faces (M = -1.19 pV, D = 4.2) elicited significantly larger
N170 amplitudes compared to neutral faces (M = -.59 uV, SD = 4.1).

Latency analyses for angry faces revealed a marginally significant group effect, F (2, 90) =
2.810, p = .066, although follow-up analyses were not significant after correcting for
multiple comparisons. Analyses of neutral and fearful face trials revealed a main effect of
group, F (2,90) = 4.108, p = .02, which was qualified by an emotion x group interaction,
F(2,90) = 4.158, p = .019. Post hoc comparisons revealed that only children in the NIG
showed faster N170 latency to fearful faces (M = 227 ms, SD = 32) compared to neutral
faces (M = 238 ms, SD = 33), whereas children in the CAUG (fearful face M = 235 ms, SD
= 36, neutral face M = 229 ms, SD = 33) and FCG (fearful face M = 218 ms, SD = 27,
neutral face M = 212 ms, SD = 26) showed similar N170 latencies for both face types.

N2—Analysis of N2 peak amplitude for angry faces revealed a main effect of electrode, F
(2,188) = 4.088, p = .02, whereby the N2 amplitude was largest at electrode Cz (M = -10.63
uV, SD = 4.7) compared to C4 (M = -9.80 uV, SD = 4.0); data recorded at electrode C3 (M
=-10.28 pV, D = 4.1) was not significantly different from Cz or C4. Analyses of fearful
and neutral face trials also revealed a main effect of electrode, F (2,188) = 19.488, p < .001.
A comparison of the electrode means indicated that the largest amplitudes were recorded at
electrode Cz (M = -10.16 pV, SD = 3.9) compared to C3 (M =-9.24 pV, D = 3.5) and C4
(M =-8.82pV, D =3.0).

Analysis of latency to the N2 component for angry faces, as well as for neutral and fearful
faces, revealed no main or interaction effects.

P300—For angry faces, there were no group differences in the mean amplitude of the P300.
Analyses of the fearful and neutral faces revealed a main effect of emotion, F (1,94) =
24.327, p < .001. As illustrated in Figure 3, follow-up tests showed that all children showed
the largest P300 amplitude to fearful faces (M = 1.47 pV, SD = 2.4) compared to neutral
faces (M = 0.24 pV, SD = 2.8).

Timing Effects

In order to explore timing effects in the present study, we examined possible associations
between age at placement in foster care and behavioral and electrophysiological data. There
were no significant correlations between age at placement and behavioral accuracy in
identifying angry, fearful or neutral faces, or with RT to identify angry faces. There were no
associations between timing of placement and amplitude or latency for either the P1 or N170
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components; there were also no associations between timing and mean amplitude of the
P300. There were significant correlations, however, between age at placement and N2
amplitude for angry faces, r(38) = .374, p = .021 and for neutral faces, r(38) =.376, p =.02;
the correlation was marginally significant for fearful faces, r(38) = .315, p = .054. Thus, the
earlier the child was placed in foster care, the larger the N2 component.

Brain-Behavioral Correlations

We explored possible associations between behavioral task performance (accuracy, RT) and
electrophysiological data (amplitude, latency). Correlations were run separately for each
group. Contrary to our predictions, there were no significant brain-behavioral correlations
revealed in this set of analyses.

Discussion

Let us begin by briefly summarizing the main findings to have emerged from this study,
beginning with behavior and then moving to ERPs.

First, all three groups were equally accurate at recognizing anger, which suggests there were
no group differences in being able to follow task instructions. Second, all three groups had a
more difficult time recognizing fearful faces, which is consistent with the observation that
fear is the last expression to be recognized at adult levels (generally in adolescence; see
Thomas et al., 2007). Third, the NIG and FCG were both better at inhibiting a button press
to neutral and fearful faces than the CAUG, suggesting that the CAUG was generally less
accurate at recognizing these two emotions or that they had more difficulty with inhibiting a
response generally (which we did not find to be the case in a traditional Go/No Go task we
have also used with this sample; see McDermott et al., in press). This finding also suggests
that the foster care intervention was effective in improving previously institutionalized
children’s ability to recognize the emotions neutral and fear. Finally, there were no group
differences in reaction time.

Regarding the ERP data, several intriguing findings emerged. First, the P1, a component that
possesses some face sensitivity, was biggest to angry faces for the NIG, smallest among the
CAUG and intermediate for the FCG. Contrary to our hypothesis, then, the CAUG showed
the smallest response to anger (we anticipated that the CAUG might show the largest
responses to anger and fear compared to the other two groups). In addition, as observed
more generally with ERP amplitudes at 42 months (Moulson et al., 2009a), this finding also
supports the notion that foster care improved the ability to process facial emotion.

In contrast, for the analysis of reactivity to fearful and neutral faces, the magnitude of the P1
did not differ between groups. However, the N170 and the P300 were larger to fearful as
compared to neutral faces for all children, regardless of group. So, similar to the pattern of
strong neural reactivity to angry faces, the task relevant stimulus, all groups exhibited
equivalent responsivity to fearful faces. This pattern supports the assertion put forth by
Leppanen and Nelson (2009; in press) that this emotion is of high signal value (even as early
as 7 months of life; see Nelson & de Haan, 1996), and certain aspects of neural responses to
angry or fearful faces are not strongly impacted by institutional rearing.
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Although the children in foster care showed improvements in their ability to recognize fear
and neutral faces (to a comparable level of performance as never institutionalized children),
and their P1 to angry was midway between the NIG and CAUG, we observed no timing
effects for this component, although the amplitude of the N2 was larger the earlier the child
was placed in foster care. Our P1 findings are essentially identical to what we observed at 42
months, both for face processing generally (Moulson et al., 2009b) and for processing facial
emotion (Moulson et al., 2009a), whereas our N2 finding is novel, and may serve as a
marker for timing effects Finally, we observed no relations between our ERP and behavioral
data.

These findings stand in stark contrast to our perceptual discrimination observed at earlier
ages (Parker et al., 2005a,b; Moulson et al. 2009a,b). Whereas at earlier ages we observed
relative sparing in the ability to discriminate facial expressions (as well as differentiating
familiar from unfamiliar faces), here we did observe deficits among CAU children in
processing facial emotion, both behaviorally and electrophysiologically. Moreover, we
observed a number of subtle improvements in processing facial emotion among the foster
care group, although we did not elevate their performance to be on par with the never
institutionalized group. The fact that virtually no timing effects were observed (with the
exception of the N2) suggests that, as with some of our mental health findings (Zeanah et al.,
2009), children placed in foster care improve although they do so regardless of the age at
which they were placed in foster care for this domain. Of course, the fact that the average
age of placement was 22 months urges caution in this interpretation, for it may have been
the case that earlier placement might have revealed timing effects.

We emphasize all data were analyzed using an intent-to-treat design. Because of the ethical
requirement of non-interference in placement, by age 8 years only 14 children originally
assigned to the CAUG were still actually living in an institution; the rest had been adopted,
reunited with their biological families or placed in government foster care. But, because
such change in placement occurred, on average, after the age of 2-3 years, the current
findings speak to the power of early experiences.

The lack of correspondence between ERP and behavioral data, although not surprising,
reinforces the notion that these two measures tap different levels of cognitive function. On
the other hand, the ERP data were only examined for correct trials while the behavioral data
obviously reflect both correct and incorrect trials. Moreover, the findings of impaired fear
processing in the CAUG are in accordance with imaging work suggesting that
environmentally driven differences in brain structure and function contribute to alterations in
face processing (Mehta et al., 2009; Tottenham et al., 2011).

Overall, the current findings support the work of others (e.g., Wismer Fries & Pollak, 2004)
suggesting that institutional care impairs the ability to recognize facial emotion. In addition,
deficits in face recognition appear to be remediable, given that we found an intervention
effect with high quality foster care leading to improvements in this ability. The data
reinforce the need for utilizing multiple tasks examining not only discrimination of faces but
recognition as well in order to identify possible subtle deficits that are the result of degraded
early environmental input. In addition, although the data speak to the role of early adversity
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in influencing the recognition of facial emotion, much work remains to be done concerning
what precisely is it about early institutionalization that influences the course of emotion
processing, and for how long the neural systems that underlie this ability remain plastic.
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Figure 1.

Group assignment over time: current status at 8 years of age
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Main effect of group for behavioral accuracy (collapsed across fearful and neutral faces).

Error bars represent +/- 1 standard error of the mean.
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Figure 3.
Grand averaged event-related potential waveforms showing the P300 amplitude to neutral

and fearful faces at electrode Pz (collapsed across group). The X axis represents latency in
milliseconds and the y axis represents amplitude in microvolts.
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